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1 Abstract

2 Background

3 Older patients with cancer are at increased risk of exposure to polypharmacy (PP), potential drug interactions 

4 (PDIs), and Potentially inappropriate Medications (PIMs). Objectives of this study were to describe PP, PIMs, 

5 and PDIs,  and to analyse the associations with completion of 1st line chemotherapy and prognosis in ovarian 

6 cancer (OC) patients.

7 Methods

8 Registry-based  study including a 10-year national cohort of patients diagnosed with  epithelial OC in 

9 Denmark.  Descriptive statistics, multivariate logistic regression analyses, Kaplan-Meier, and Cox regression 

10 analyses were performed to analyse the data.

11 Results

12 A total of 3,795 patients were included and described. Further analyses were performed on 2,219 patients  

13 registered with a date of surgery and combination chemotherapy with platinum and a taxane or platinum 

14 monotherapy. Exposure to ≥2 PDIs was associated with not completing chemotherapy, OR 2.27(1.18-4.37). 

15 Major and extensive PP were associated with increased mortality at 0-6 months after diagnosis, HR 

16 3.15(1.59-6.22) and 5.43(2.34-12.6), respectively. PIMs were associated with increased mortality from six 

17 months after diagnosis. At 6-12 months: HR 1.50(1.06-2.11) and 2.38(1.25-4.50) with 1-2 and ≥3 PIMs, 

18 respectively. At 12 months: HR 2.08(1.31-3.29) with  ≥3 PIMs. Age was not associated with treatment 

19 completion.

20 Conclusions

21 Drug use influences treatment completion and prognosis in OC patients. A thorough review of patients’ 

22 medications aiming to minimize the number of PIMs and PDIs might improve the course of these patients’ 

23 disease.
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1 Introduction

2 During the past ten years there has been a 15% increase in cancer incidence in the Scandinavian countries 

3 which is primarily ascribed to a significant increase in the senior population.1 Although cancer incidence is 

4 strongly correlated with aging, the mean age of patients included in clinical cancer trials is substantially lower 

5 than in the true cancer population.2,3 This pattern that has not changed during the past 20 years despite a 

6 growing focus on older patients with cancer.4 Aging is associated with several diseases and conditions, and 

7 such comorbidities leave the older patient with cancer with an increased risk of experiencing polypharmacy 

8 (PP), here defined as the concomitant use of several medications. Patients with cancer are more exposed to 

9 polypharmacy than the background population, and 35% of patients ≥ 70 years of age take five or more 

10 prescription drugs daily at the time of diagnosis, i.e. before receiving any antineoplastic treatment and 

11 supportive care agents.5 PP induces an increased risk of adverse drug events, of taking potentially 

12 inappropriate medications, of being exposed to drug-drug interactions, and of non-adherence to 

13 medications, leading to an increased risk of adverse events, hospitalisations, falls, and frailty.6-9 PP has been 

14 identified as a risk factor of adverse outcomes such as postoperative complications and prolonged hospital 

15 stay and increased mortality,10,11 and in some studies PP has been linked with chemotherapy-induced toxicity, 

16 although results in this area have been conflicting.7,12,13 It should be stressed that PP is mostly evaluated as a 

17 covariate; studies specifically investigating PP’s effect on adverse outcomes in cancer treatment are scarce.

18 Potentially inappropriate medications (PIMs) are medications that are significantly associated with adverse 

19 drug reactions, medications that lack evidence-based indications, and/or medications that have treatment 

20 risks outweighing their benefits. PIMs are identified via different criteria14-17 including lists that help the 

21 prescribing physician evaluate patients’ medications. In the general geriatric population, 12-63% are exposed 

22 to PIMs which corresponds well with the 24-52% in the geriatric cancer population.12,13,18-22 The effect of PIMs 

23 on outcome in patients with cancer is not well studied and clear-cut associations have not been found.12,13
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1 Drug interactions might be pharmacokinetic or pharmacodynamic and might result in an intensified effect of 

2 a drug, thereby causing an increased risk of adverse drug events, or reduce the effect of a drug leading to 

3 failure of treatment.23 Very few studies have investigated the prevalence of PDIs in older patients with cancer, 

4 and even fewer, the effect of these. PDIs have been found in 30-75% of older patients with cancer. 22,24,25 This 

5 too is an area with few studies investigating the significance on cancer treatment and outcome. One 

6 retrospective study of 244 older cancer patients found PDIs to be associated with chemotherapy-related 

7 toxicity.25 A case-control study found a significant increased risk of peripheral neuropathy in patients with a 

8 clopidogrel prescription treated with high-dose paclitaxel (≥ 135 mg/m2).26 Also, a prospective cohort study 

9 found that patients who underwent a comprehensive geriatric assessment which included many drug 

10 adjustments, had an increased chance of completing oncological treatment as planned without modifications 

11 such as dose reductions or treatment delays.27

12 The objectives of this study were to describe PP, PIMs, and PDIs in a real-world population of patients with 

13 ovarian cancer and to analyse the associations with completion of 1st line chemotherapy and prognosis.

14

15 Material and Methods

16 Data sources

17 This was a registry-based cohort study. The study population was achieved from the Danish Gynaecological 

18 Cancer Database (DGCD). Via the Danish unique ten-digit Civil Personal Registry (CPR) number, data were 

19 linked with data from the National Patient Registry (NPR), the Danish Registry of Causes of Death (RCD), and 

20 the Registry of Medicinal Product Statistics (MPS). The DGCD is a multidisciplinary, nationwide clinical 

21 database on all gynaecological cancers, initiated in January 2005. Clinical, surgical, and pathological data are 

22 captured. The database has been validated and found valid for research.28 Variables from the DGCD include 

23 date of diagnosis, histopathology, stage, date and extent of surgery, and residual disease. 
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1 The Danish National Patient Registry (NPR) is based on the national patient administrative systems and was 

2 established in 1977. It is mandatory for the patient administrative systems to provide data from public 

3 hospitals to the NPR, and the registry includes data on all inpatient (non-psychiatric) contacts since 1977 and 

4 on psychiatric inpatient, emergency department, and outpatient contacts since 1995. Data in the NPR include 

5 administrative data, diagnoses and treatment data. Diagnoses are coded by the 8th revision International 

6 Classification of diseases (ICD-8) until December 1993, hereafter by the ICD-10. Treatment data include data 

7 on surgical and medical treatments, including antineoplastic treatment. The latter are encoded using the so-

8 called BWHA codes for cytostatic treatment.29

9 The Danish Registry of Causes of Death (RCD) was initiated in 1871 and includes data on all deaths among 

10 Danish citizens dying in Denmark. It codes the CPR number, the date and main cause of death, and up to 

11 three contributory death causes. Death causes are coded by the ICD-10 since 1994. Since 2007, death 

12 certificates are submitted electronically to the. Dates of death on this study were available until January 31, 

13 2017, whereas causes of death were registered until December 31, 2015.

14 The Danish Registry of Medicinal Product Statistics (MPS) was established in 1994. It holds data on all 

15 medicinal products sold in Denmark, in pharmacies and stores, whether prescription or over-the-counter 

16 medicine.  However, only prescription drugs are recorded on an individual level. The variables in the registry 

17 include the CPR number of the individual drug user, information on the prescriber and on the drugs 

18 prescribed, including the date of prescription, the Anatomical Therapeutic Chemical (ATC) classification 

19 system codes, the number of packages purchased, and the defined daily dose prescribed (the assumed 

20 average adult daily maintenance dose when administered as monotherapy for the main indication of the 

21 drug). Drugs administered in hospitals for inpatient or outpatient use are not registered for the individual 

22 user.30

23 Study population and cancer treatment
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1 All patients with a diagnosis of epithelial ovarian cancer from January 1, 2005 to December 31, 2014 who 

2 started chemotherapy were included. Data on patient and disease characteristics were obtained from the 

3 DGCD. Data on comorbidity, treatment, and treatment dates were obtained from the NPR. Dates and causes 

4 of death were obtained from the RCD and all information on prescription drugs were obtained from the MPS.

5 Drug use and assessment of PIMs and PDIs

6 Information on drug use was at the date of diagnosis. Drug use was expressed as the number of different 

7 drug substances purchased in the four-month period prior to the date of diagnosis. It has previously been 

8 shown that this is a valid measure of prevalent drug use in our setting.31 Polypharmacy was divided into none, 

9 minor, major, and extensive polypharmacy defined as a daily drug use of 0-1, 2-4, 5-9 and ≥ 10 prescription 

10 medicines, respectively.

11 To assess the influence on treatment completion, PIMs and PDIs  were evaluated from drugs purchased from 

12 4 months before to 8 months after diagnosis. Persons were defined as current users of a drug if they 

13 purchased three or more packages during this time window. PIM use was characterized using the EU(7)-PIM 

14 list.17 This consists of 282 chemical substances from 34 therapeutic groups, of which 152 substances from 30 

15 groups are registered in Denmark. The drugs are listed by their ATC codes and categorised in two groups: 

16 Group A are unconditional PIMs, whereas category B are either PIMs only in case of certain clinical conditions 

17 or comorbidities or are not specifically named but considered as a PIM drug class. We registered the number 

18 of PIMs and whether they belonged to group A or B. We analysed the association of group A PIMs with 

19 treatment adherence and survival.

20 Potential interactions between patients’ daily drugs with platinum and taxanes were identified using three 

21 different compendia: Micromedex,32 Lexicomp,33 and Stockley’s Interaction Checker.34 Severe, major, and 

22 moderate PDIs were registered (Table S1, supplementary data). 

23 Chemotherapy
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1 Chemotherapy was registered according to the BWHA codes  which define the specific cytostatic treatment 

2 in the NPR (Table S2, supplementary data). Dates of treatment and treatment codes were registered to 

3 determine whether patients had been treated with combination chemotherapy with a platinum and a taxane 

4 or platinum monotherapy, and whether they had received a minimum of 6 treatment cycles without dose 

5 delays (> 5 days). We did not have information on dose reductions. Chemotherapy was only registered as 

6 “complex” or “simple” and not on a substance level for a significant number of patients, and they were 

7 excluded from further analysis (Fig. 1 and Table 1).

8 Comorbidity

9 Comorbidity was derived from the NPR and described according to Charlson’s Comorbidity Index (CCI). The 

10 CCI score was divided into three groups: No comorbidity (CCI 0), low-moderate comorbidity (CCI 1-2) and 

11 severe comorbidity (CCI ≥ 3). Data were supplemented by data from the MPS; users of antidiabetics were 

12 registered with uncomplicated diabetes mellitus, users of drugs for obstructive airway disease as having 

13 chronic pulmonary disease, and users of anti-dementia drugs as patients with dementia. This is a method we 

14 have previously used and found to reveal a group of conditions sometimes merely diagnosed in general 

15 practice and therefore not captured in the NPR.35 

16 Analyses

17 Descriptive statistics were used to describe differences in tumour and treatment characteristics of all patients 

18 < and ≥ 70 years who had chemotherapy data registered (n=3,795). Further analyses were made on patients 

19 who were registered with a date of surgery (primary or interval debulking) and chemotherapy defined on 

20 substance level in the NPR, i.e. with platinum and a taxane or a platinum alone (n=2,219, Figure 1). Overall  

21 (OS) and cancer specific survival (CSS) was calculated using the Kaplan-Meier method. We analysed the effect 

22 of PP, PIMs, and PDIs on OS and CSS in univariate and multivariate cox regression analyses. As there was a 

23 time-varying effect of several variables, we allowed the effect of variables to change at 6 and 12 months. 

24 Hereafter, the proportional hazards assumption was fulfilled, and the effects of PP, PIMs, and PDIs on survival 
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1 from 0-6, 6-12, and after 12 months were analysed. End of follow-up in survival analyses was January 31, 

2 2017. We analysed the effect of PP, PIMs and PDIs on completion of ≥ 6 treatment cycles without dose delay 

3 in univariate and multivariate logistic regression analyses. Dose delay was defined as > 26 days between 

4 treatments. For interval debulked patients, a period of 9 weeks was allowed from the last preoperative 

5 chemotherapy cycle to the first postoperative.  Age, ECOG performance status, FIGO stage, surgical regimen 

6 (primary surgery or interval debulking), abdominal macroradical surgery, chemotherapy regimen, and 

7 comorbidity were included in the analyses. All models were checked for interaction by goodness-of-fit tests, 

8 and interacting variables were included in the analyses. All statistical analyses were performed using Stata® 

9 version 15 (StataCorp LLC. College Station. Texas USA).

10 Ethical approval and consent to participate

11 The Regional Scientific Ethics Committee for Southern Denmark evaluated the project and concluded that 

12 the project was not notifiable and could be implemented without the permission from The Regional 

13 Scientific Ethical Committee for Southern Denmark according to Danish law. The project has been approved 

14 by the Danish Data Protection Agency (journal number 2015-53379). As a registry-based anonymised study, 

15 we did not need consent to participate from the patients.

16 Data availability

17 The datasets generated and analysed during the current study are not publicly available due to the data 

18 protection regulations of the Danish Data Protection, Statistics Denmark and the Danish Health and 

19 Medicines Authority. Access to data is strictly limited to the researchers who have obtained permission for 

20 data processing. This permission was granted the authors.

21

22 Results

23 Characteristics 
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1 We identified 4,965 women diagnosed with epithelial ovarian cancer in the study period (Figure 1). A total of 

2 3,795 patients had chemotherapy data registered and the median age of this group was 65 (IQR 56-73) years. 

3 A total of 1,294 (34.1%) patients were ≥ 70 years at the time of diagnosis. Older women were significantly 

4 more exposed to PP, PIMs, and PDIs (Table 1): 50.8% had a daily drug use of ≥ 5 compared with 26.8% of 

5 younger women. PIM A use was seen in 47.6% of older patients and in 39.6% of younger patients. PDIs with 

6 platinum and/or taxane was seen in  38.6% of older women, but in only 24.3% of younger. The most common 

7 PIMs were opioids, NSAIDs, non-opioid analgesics, antitrombotics, and beta blocking agents. Frequent 

8 intacting agents used were proton pump inhibitors, statins, and antitrombotics (Clopidogrel). Older women 

9 had poorer performance status and more comorbidity than younger. Furthermore, older women were 

10 diagnosed in later stages and were less often primarily debulked or operated at all. If operated, surgery was 

11 less often macroradical. In the oncological department, older women were less often treated with a platinum 

12 doublet. Interestingly, in primary debulked patients, older women were more likely to complete 

13 chemotherapy without dose delay, whereas in interval debulked patients and patients who did not receive 

14 surgery, there was no difference in chemotherapy completion between older and younger women. For 

15 patient characteristics and comparison between younger and older patients, see Table 1. 

16 Chemotherapy completion

17 Further analyses were performed on 2,219 women who were registered with a date of surgery and received 

18 either combination chemotherapy with a platinum and a taxane or with a platinum as monotherapy. In 

19 univariate analyses, ECOG performance status was the strongest predictor of chemotherapy completion. ORs 

20 of not completing chemotherapy were 1.68 (95% CI 1.9-2.02) and 2.50 (95% CI 1.87-3.34) for PS 1 and 2 

21 relative to PS 0. Extensive PP, ≥ 3 PIMs, and ≥ 2 PDIs were also associated with increased risk of not 

22 completing chemotherapy with ORs of 1.70 (1.19-2.43), 1.38 (1.05-1.81), and 1.55 (1.07-2.25), respectively. 

23 Other predictors were FIGO stage III-IV, comorbidity, macroradical surgery and chemotherapy regimen (see 

24 Table 2). In multivariate analyses, ≥ 2 PDIs, mild to moderate comorbidity, performance status, residual 
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1 disease, and chemotherapy regimen remained statistically significant predictors of chemotherapy 

2 completion. Age was not a predictor of treatment completion in univariate or multivariate analyses (Table 

3 2). The multivariate analysis was adjusted for interaction of age with PDIs and surgical outcome, and of 

4 surgical outcome with PDIs and surgical regimen (primary surgery or interval debulking).

5 Survival

6 By December 31, 2015, 1,270 (57.2%) had died, 1,203 from cancer. Cause of death was unknown in 17 

7 patients. In the 13 months before end of follow-up where information on causes of death was not available, 

8 further 156 patients died, leaving 793 women alive (35.7%) by the end of follow up (January 31, 2017). 

9 Overall, median survival was 45.3 months (IQR 21.4-128).

10 Median OS and HRs according to age, PP, PIM, and PDI as well as other variables are shown in Table 3. Kaplan-

11 Meier curves showing survival according to PP, PIMs, PDIs and age groups are shown in Figure 2A-D. In 

12 univariate analyses, PP was associated with increased mortality at 0-6 months and ≥ 12 months. In 

13 multivariate analyses, major and extensive PP was only associated with increased mortality at 0-6 months 

14 after diagnosis, HR 3.15 (1.59-6.22) and 5.43 (2.34-12.6), respectively. PIM was associated with increased 

15 mortality from six months after diagnosis. From 6-12 months, HRs were 1.50 (1.06-2.11) and 2.38 (1.25-4.50) 

16 with 1-2 and ≥ 3 PIMs respectively but 12 months after diagnosis, only ≥ 3 PIMs were associated with 

17 increased mortality in multivariate analyses with HR 2.08 (1.31-3.29). PDIs with platinum and taxane was not 

18 associated with increased mortality in the multivariate analysis. Age from 70-79 was associated with 

19 increased mortality at 0-6 months, but not hereafter. After 12 months age ≥ 80 years was associated with 

20 increased mortality, HR 1.82 (1.37-2.42). One year after diagnosis, FIGO stage and macroradical surgery 

21 expectedly remained the strongest prognostic factors.

22 The multivariate analysis was adjusted for interaction of surgical regimen (primary surgery or interval 

23 debulking) with age, cci score, and surgical outcome, and of PP with completion of chemotherapy and 

24 chemotherapy regimen (platinum and a taxane or platinum monotherapy).
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1 Discussion

2 This study shows that the prevalence of PP, PIMs and PDIs increases with age. PDIs were associated with 

3 chemotherapy non-completion and/or dose delay, whereas PP and PIMs did not seem to influence this. Up 

4 to 12 months after diagnosis, PP and PIMs were associated with poor survival, but a year after diagnosis, the 

5 only poor prognostic factor when looking at drug use was severe PIM use. It is well-known that comorbidity 

6 and PP increases with age, and with increasing PP, the risk of PIM use also increases. This study confirms this 

7 association in a large group of patients with epithelial ovarian cancer. As expected, PP increases throughout 

8 age groups.

9 Major and extensive PP was seen in 37.7 and 13.1% of patients aged ≥ 70 years, respectively. This is in line 

10 with some studies9,10,19,24,36,37 whereas other studies have found a higher7,18,20,38,39 or lower prevalence.13,22 

11 The MPS holds information on prescription drugs on an individual level. It does not contain information on 

12 drugs handed out in the hospital, of over the counter (OTC) drugs, or of herbal supplements or CAMs 

13 altogether. Therefore, the prevalence of PP might be underreported, and the effect of PP at diagnosis on 

14 chemotherapy completion and survival might be somewhat underestimated. CAM use has previously been 

15 described in up to 31% of older cancer patients.40,41 There was no association between PP and the risk of not 

16 completing chemotherapy in multivariate analysis, indicating that review of patients’ medications  is what’s 

17 relevant in cancer patients. However, some studies have found PP to be associated with chemotherapy-

18 related toxicity which might cause dose reductions not captured in this study.7,36 Daily drug use ≥ 5 seemed 

19 to be associated with poor survival the first six months after diagnosis, i.e. while patients received surgery 

20 and chemotherapy, but this effect ceased hereafter. De Glas et al. found PP to be associated with post-

21 operative complications in a cohort of 3179 women ≥ 65 years with breast cancer.42 We did not have 

22 information on postoperative complications, but such might have influenced HRs in the early period of time 

23 after diagnosis, for both primary and interval debulked patients.  In a meta-analysis of three phase II/III 
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1 studies (n = 1213), PP was associated with grade III/IV toxicity but in line with our findings, PP did not 

2 influence OS.7 

3 Potentially Inappropriate Medication

4 To our knowledge, this is the first study evaluating PIM use in older patients with cancer using the EU(7)PIM 

5 list. The EU(7)PIM list is a recently developed list aimed at measuring PIMs in Europe, primarily. It was 

6 developed based on the German PRISCUS list and other PIM lists from the USA, Canada, and France.17 Very 

7 few studies have compared the EU(7)PIM list with other lists. Recently, a German group investigated the 

8 changes in PIM over time using the 2015 EU(7), Beers, and PRISCUS PIM lists. The study population was a 

9 cohort of 2,878 community-dwelling adults ≥ 60 years. In that study, PIM prevalence was 37.4% for the 

10 EU(7)PIM list,  26.4% for Beers, and 13.7% for PRISCUS. The authors found a decrease in PIM use during a six-

11 year period to 36.5%, 23.1%, and 12.3% for the three lists, respectively.43 A prospective study of 276 

12 hospitalised patients ≥ 65 years found ≥ 1 PIM in 69% according to the STOPP criteria and 67% according to 

13 the EU(7)PIM list.44 In another cross-sectional study of 227 primary health care patients ≥ 60 years, ≥ 1 PIM 

14 was found in 53.7% of patients according to the 2015 Beers criteria and in 63.4% according to the EU(7)PIM 

15 list.45 In a Lithuanian cross-sectional retrospective population-based study of persons ≥ 65 years (n=431,625), 

16 the prevalence of ≥ 1 PIM during one year was investigated using the 2003 and 2015 Beers criteria and the 

17 EU(7)PIM list. Here too, the EU(7)PIM list identified significantly more PIMs; 57.2% compared with 24.1% 

18 identified by the 2015 Beers criteria.46 In a Brazilian survey of 368 community-dwelling adults who took at 

19 least one drug daily, the authors found at least one PIM in 59.5%, 50.0%, and 46.2% according to the EU(7), 

20 Beers, and STOPP criteria. The authors investigated the sensitivity and specificity of the different criteria for 

21 the outcomes of falls cognition, and hospitalisation. The EU(7)-PIM list had a higher sensitivity but lower 

22 specificity than Beers and STOPP criteria, indicating that the Beers and STOPP criteria might be more clinically 

23 relevant.47 Perhaps these lists would have revealed a more pronounced effect of PIM use on chemotherapy 

24 completion as well as survival.
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1 We found PIM use in 60.4% of older cancer patients; 42.9% used 1-2 PIMs and 17.5% used ≥ 3 PIMs. When 

2 looking at the unconditional PIMs (group A PIMs), the numbers were 39.3 and 8.3% respectively.  Other 

3 studies have found PIM use in 21-51%.12,13,19-22,48-53 Studies on the prognostic value of PIMs, both regarding 

4 treatment toxicity and survival are scarce. We did not find an association between PIM use and the risk of 

5 not completing chemotherapy. All PIMs were associated with decreased survival 6-12 months after diagnosis, 

6 whereas only severe PIM use was associated with decreased survival at 12 months, again indicating that the 

7 specific medications used  are essential. In a retrospective study of 171 older patients with aggressive non-

8 Hodgkin lymphoma, Lin and colleagues found that PIM use was “borderline significantly” prognostic of dose 

9 delays or dose reductions of the CHOP/R-CHOP regimen given, OR 1.95(0.99-3.84). PIM use was a poor 

10 prognostic factor in both progression-free and overall survival, HRs 2.81 (1.36-5.81) and 3.12 (1.49-6.52), 

11 respectively.52 Maggiore and colleagues found no association of PIM use with grade ≥ 3 toxicity to 

12 chemotherapy in a secondary analysis of 500 older cancer patients (≥65 years), OR 0.98 (0.67-1.44).12 In a 

13 large register-based study with data from the SEER database of 1,595 patients with breast cancer and 1,528 

14 patients with colorectal cancer, Karuturi and colleagues were not able to identify a clear association of PIMs 

15 with either time to 1st Emergency Room visit, hospitalisation, or death.50

16 Potential Drug Interactions

17 PDIs were seen in 38.6% of older patients. PDIs registered in this study were solely those between the 

18 chemotherapeutics given and the patients’ individual medications (not between the individual medications), 

19 and we therefore expect the total number of PDIs to have been significantly larger. Other studies have found 

20 large differences in PDI prevalence varying from 2-77% in older patients with cancer due to use of different 

21 cut-off points and databases.54 In our study ≥2 PDIs were associated with decreased chemotherapy 

22 completion. This is in line with another study that showed increased toxicity in patients with PDIs.25 PDIs were 

23 associated with poor survival 6-12 months after diagnosis, only. As PDIs were in relation to the chemotherapy 

24 given, an effect on survival would be expected close to the time of treatment. To our knowledge, no other 
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1 studies have investigated the association of PDIs with chemotherapy and survival in older patients with 

2 cancer.

3 Strengths & limitations

4 The major strength of this study is the size of the study population, which consists of the entire national 

5 cohort of women diagnosed with epithelial ovarian cancer during a 10-year period (2005-2014). The CPR 

6 number of every Danish citizen and the extensive number of national registries validated for research makes 

7 it possible to gather comprehensive information on an individual level. The DGCD comprises data on tumour 

8 and patient characteristics as well as on surgery. Initially, oncological data were also gathered, but these have 

9 been omitted since they were incomplete. Therefore, we have tried to obtain information on chemotherapy 

10 from the procedure codes from the NPR. However, we found that data are often not encoded on substance 

11 level, and therefore, we had to exclude 1397 patients, i.e. 38.6% of all patients who were either primarily or 

12 interval debulked and received chemotherapy. While this has reduced the power of our calculations, there 

13 is no reason to think that it has in other ways affected results: the encoding of cytostatic treatment is 

14 independent of patient status. Doses are not recorded in the registries, and we do not have information on 

15 dose reductions. This might bias our results and underestimate the true effect on treatment adherence.

16 While PP exposure was defined as drug use at diagnosis, we evaluated PIMs and PDIs in patients 8 months 

17 after diagnosis. Patients who purchased at least three packages of the medications investigated were defined 

18 as being users during the entire course of treatment. This was done to come as close as possible to finding 

19 true associations. However, it has previously been shown that PIM use varies during the course of a cancer 

20 disease,55 and we might have missed new users or users that stopped medications of interest earlier than 

21 eight months after diagnosis. We might therefore have underestimated the associations. Further, we 

22 described PIMs in the entire population, of which 32.4% were < 60 years. The EU(7)PIM list is primarily based 

23 on medication of older patients, and  adverse events seen with PIMs might be less severe in younger patients. 

24 This too could have underestimated the effect of PIM use in older patients with ovarian cancer. 

25 Another limitation is the classification of comorbidity. While the NPR has shown to be a valid registry for 

26 this,56 the registry only holds diagnostic codes on patients seen in the hospital because of this comorbidity. 

27 But some patients with a diagnosis of, e.g. chronic obstructive lung disease and type 2 diabetes might only 

28 be treated by the general practitioner and may therefore not be registered in the NPR with these diagnoses. 

29 We have tried to optimise registration of comorbidity by registering patients who were users of specific drugs 

30 as having the corresponding comorbidity as described in the methods section. 
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1 The validity of RCD is questionable. The correct identification of the real cause of death could be erroneous 

2 with a tendency to register the malignant diagnosis as the cause of death no matter what. Death certificates 

3 are often filled by the doctor on call who may not know the medical history of the patient very well. However, 

4 epithelial OC is a highly malignant disease, often termed as a chronic disease, and with 74% of patients being 

5 diagnosed with stage III-IV disease, we find it plausible that the major part of patients who died during the 

6 study period, did in fact die  of ovarian cancer as registered. Further analyses have been made on general 

7 survival as this is almost equal to cancer specific survival.

8 We only had access to information on the chemotherapy given and the dates of administration. We had no 

9 information on dose reductions and were therefore not able to evaluate a potential effect of a further 

10 decrease in  chemotherapy dose-intensity on survival. We found that the two different chemotherapy 

11 regimens given (platinum and a taxane versus platinum alone) did not have a statistical impact on OS. 

12 Completion of chemotherapy, was however, correlated to OS. We speculate that this finding could reflect 

13 more dose reductions in the TC group, masking the superior effect of full dose-intensity combination 

14 chemotherapy. This is supported by the fact that more older patients completed platinum monotherapy.

15 Surgical status (macro-radicality or not) was unknown in  377 patients. Unknown surgical status was 

16 associated with poorer prognosis than residual disease after surgery. This most likely reflects that the group 

17 included a high number of inoperable patients, in whom only a biopsy was performed. However, it was not 

18 possible to identify this group further from our data. We speculate that the distribution of drug use might 

19 not have been similar in the three “surgical outcome” groups, and therefore we adjusted the analyses for 

20 unknown surgical status.

21 Perspectives

22 This study  raises a number of  questions: What is the clinically most relevant PIM list? An identification of 

23 that list and a consensus to use it in future studies would reveal much knowledge on the significance of 

24 inappropriate medications in older patients with cancer. In this study, we analysed the significance of PIM 
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1 use and PDIs as a quantitative measure. Other studies have investigated the specific PIMs and looking further 

2 into this in our population would be interesting. Are specific PIMs associated with the outcomes studied? In 

3 the wake of the studies emerging these years on drug use in older cancer patients, the next step is an 

4 intervention: A randomised study should analyse the effect of optimising drug use in older cancer patients.

5 In conclusion, PP increases with age, and  increasing PP leads to an increase in PIMs and PDIs . PDIs 

6 influence CT completion, and PIMs influence survival after primary treatment for EOC. Both comorbidity 

7 and performance status are strong predictive factors for completing chemotherapy and they influence 

8 survival. Overall, a comprehensive geriatric assessment of older patients with cancer, aiming to optimise 

9 treatment of comorbidities and minimise the number of PIMs and PDIs might improve the course of these 

10 patients’ disease. This should be investigated  in prospective randomised trials.
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1 Figure legends

2 Fig 1. Flow diagram

3 Fig. 2. Figure 2. Kaplan-Meier overall survival estimates  according to age group(A), PP(B), PIM(C), and 

4 PDI(D) status

5

6 Tables

7 Table 1. Patient characteristics

8 Table 2. ORs of NOT completing a minimum 6 courses of chemotherapy with platinum and a taxane or 

9 platinum monotherapy without dose delay for primary and interval debulked patients

10 Table 3. Median survival and hazard ratios.
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DGCD; Danish Gynecological Cancer Group Database

Unspecified/other treatment than 
taxane and/or platinum, n=1397

Age <70: 930 (67 %), Age ≥70:467(33 %)

Patients diagnosed with epithelial ovarian cancer in the DGCD , 2005-2014, n=4,965
Age <70: 3018 (61%) Age  ≥70: 1947 (39%)

No ct registered: 734
(Age <70: 229 (31%), Age ≥70: 501(69%))

Patients with chemo data registered, n=3,795
Age < 70: 2,501 (65.9%), Age ≥ 70: 1,294 (34.1%)

Surgery  and chemotherapy, N=3,616
Age <70: 2,435 (67%), Age ≥70: 1,181 (33 %)

No surgery registered N=179
Age <70: 66 (37%), Age ≥70:113(63%)

Platinum & Taxane, n=1944
Age <70: 1,433 (74 %), Age ≥70: 511 (26 %)

FIGO Ia-Ib and no records of ct: 312

Records of ct in the DGCD but not in the NPR, n= 124
Age <70: 87 (70 %), Age ≥70: 37 (30 %)

Platinum, n=275
Age <70: 72 (26 %), Age ≥70: 203 (74 %)

Patients registered with a date of surgery and combination chemotherapy with 
platinum and a taxane or platinum monotherapy, n=2,219

Age <70: 1,505 (68%), Age ≥70: 714 (32 %)

Table 1

Table 2+3 Fig. 2A-D



Table 1. Characteristics

Age, median (IQR):  65 (56‐73) < 70 

 N=3,795 n= 2,501 (65.9 %)

FIGO stage

I 498 (19.9)

II 200 (8.0)

III 1246 (49.8)

IV 507 (20.3)

Unknown 50 (2.0)

Daily drug use (at diagnosis)

0‐1  887 (35.5)

2‐4 943 (37.7)

5‐9  544 (21.7)

≥ 10 127 (5.1)

PIMs (during treatment course)

0 1.248 (49.9)

1‐2 992 (39.7)

3+ 261 (10.4)

PIM A

0 1,511 (60.4)

1‐2 867 (34.7)

3+ 123 (4.9)

PIM B

0 1,879 (75.1)

1‐2 602 (24.1)

3+ 20 (0.8)

No. PDIs with platin & taxane

0 1,894 (75.7)

1 484 (19.4)

2+ 123 (4.9)

Charlson comorbidity score

CCI 0 769 (30.7)

CCI 1‐2 1255 (50.2)

CCI 3+ 477 (19.1)

Performance status

0 1452 (58.1)

1 766 (30.6)

2+ 262 (10.5)

Unknown 21 (0.8)

Surgery

Primary 2,103 (84.1)

Interval debulking 332 (13.3)

 No surgery 66 (2.6)

Residual disease if surgery (N=2,435)

Macroradical surgery 1,364 (56.0)

Residual disease 858 (35.2)

Unknown 213 (8.8)

Chemotherapy 

Carboplatin and a taxane 1472 (58.9)



Carboplatin 87 (3.5)

Complex treatment, unspecified 839 (33.6)

Simple treatment, unspecified 54 (2.2)

Other 49 (2.0)

Completed chemotherapy 

Carboplatin and a taxane 860/1472 (58.4%)

Carboplatin 26/87 (29.9%)

Complex treatment 516/839 (61.5%)

Simple treatment 7/54 (12.4%)

Completion of 6 cycles of chemotherapy without dose delay

For primary debulked patients 839/2,103 (39.9)

Interval debulked patients 114/332 (34.3)

Patients who did not receive surgery 19/66 (28.8)



≥ 70

n=1,294 (34.1 %)

124 (9.6) Ref.

85 (6.6) 1.71 (1.24‐2.35)

736 (56.9) 2.37 (1.91‐2.95)

307 (23.7) 2.43 (1.91‐3.10)

42 (3.2) 3.37 (2.14‐5.32)

212 (16.4) Ref.

425 (32.4) 1.89 (1.56‐2.28)

488 (37.7) 3.75 (3.09‐4.55)

169 (13.1)

513 (39.6) Ref.

555 (42.9) 1.36 (1.18‐1.57)

226 (17.5) 2.11 (1.71‐2.59)

678 (52.4) Ref.

508 (39.3) 1.31 (1.13‐1.50)

108 (8 3) 1.96 (1.49‐2.57)

856 (66.2) Ref.

420 (32.5) 1.53 (1.32‐1.78)

18 (1.4) 1.98 (1.04‐3.75)

795 (61.4) Ref.

383 (29.6) 1.88 (1.61‐2.21)

116 (9.0) 2.24 (1.72‐2.93)

281 (21.7) Ref.

564 (43.6) 1.23 (1.04‐1.46)

449 (34.7) 2.58 (2.13‐3.11)

483 (37.3) Ref

546 (42.2) 2.14 (1.84‐2.49)

253 (19.6) 2.90 (2.37‐3.55)

12 (0.9) 1.72 (0.84‐3.52)

991 (76.6) Ref.

190 (14.7) 1.21 (1.00‐1.47)

113 (8.7) 3.63 (2.66‐4.97)

(N=1,181)

457 (38.7) Ref.

560 (47.4) 1.95 (1.68‐2.26)

164 (13.9) 2.30 (1.83‐2.89)

551 (42.6) Ref.

OR (95% CI)



242 (18.7) 7.43 (5.71‐9.67)

311 (24.0) 1.00 (0.84‐1.16)

125 (9.7) 6.18 (4.43‐8.63)

65 (5.0) 3.54 (2.41‐5.20)

285/551 (51.7%) 0.76 (0.62‐0.93)

126/242 (52.1%) 2.55 (1.51‐4.30)

170/311 (54.7%) 0.75 (0.58‐0.98)

47/125 (37.6%) 4.05 (1.69‐9.68)

350/991 (35.3) 0.82 (0.70‐0.96)

71/190 (37.4) 1.14 (0.79‐1.65)

31/113 (27.4%) 0.93 (0.48‐1.83)



Table 2. ORs of NOT completing a minimum 6 courses of chemotherapy with platinum and a taxane or platinum monotherapy without dose 

Univariate logistic regression analysis Multivariate logistic regression analysis*

N=2,219 N (%) OR (95% CI) OR (95% CI)

Age

<60 719 (32.4) Ref. Ref.

60‐69 786 (35.4) 1.03 (0.84‐1.27) 1.06 (0.84‐1.33)

70‐79 568 (25.6) 1.07 (0.85‐1.33) 1.19 (0.86‐1.64)

≥ 80 146 (6.6) 1.24 (0.86‐1.79) 1.30 (0.72‐2.34)

FIGO stage

I 393 (17.7) Ref. Ref.

II 165 (7.4) 0.97 (0.68‐1.40) 0.84 (0.57‐1.22)

III 1174 (52.9) 1.30 (1.03‐1.63) 0.77 (0.58‐1.00)

IV 439 (19.8) 1.75 (1.33‐2.31) 0.91 (0.65‐1.27)

Unknown 48 (2.2) 1.50 (0.82‐2.77) 0.76 (0.38‐1.49)

Daily drug use

0‐1 655 (29.5) Ref. Ref.

2‐4 819 (36.9) 1.23 (1.00‐1.51) 1.10 (0.88‐1.37)

5‐9 583 (26.3) 1.20 (0.96‐1.51) 0.92 (0.70‐1.20)

≥ 10 162 (7.3) 1.70 (1.19‐2.43) 1.22 (0.79‐1.88)

PIMs 

0 1029 (46.4) Ref. Ref.

1‐2 909 (41.9) 1.09 (0.91‐1.31) 0.98 (0.79‐1.20)

≥ 3 281 (12.7) 1.38 (1.05‐1.81) 1.05 (0.86‐1.63)

PDIs 

0 1574 (70.9) Ref. Ref.

1 510 (23.0) 1.11 (0.91‐1.36) 1.19 (0.87‐1.63)

≥2 135 (6.1) 1.55 (1.07‐2.25) 2.27 (1.18‐4.37)

CCIS

CCI 0 629 (28.3) Ref. Ref.

CCI 1‐2 1069 (48.2) 1.48 (1.22‐1.81) 1.30 (1.06‐1.61)



CCI 3+ 521 (23.5) 1.55 (1.23‐1.96) 1.25 (0.96‐1.63)

ECOG PS

0 1191 (53.7) Ref. Ref.

1 755 (34.0) 1.68 (1.39‐2.02) 1.51 (1.23‐1.84)

2+ 264 (11.9) 2.50 (1.87‐3.34) 1.83 (1.33‐2.52)

Unknown 9 (0.4) 3.54 (0.73‐17.1) 2.43 (0.48‐12.4)

Surgery

Primary debulked 1843 (83.1) Ref. Ref.

Interval debulked 376 (16.9) 1.02 (0.82‐1.28) 1.00 (0.68‐1.48)

Abd macroradical surgery 

Yes 1173 (52.9) Ref. Ref.

No 824 (37.1) 2.07 (1.72‐2.49) 2.09 (1.67‐2.61)

Unknown 222 (10.0) 1.72 (1.28‐2.31) 4.50 (2.17‐9.34)

Chemo regimen

Platin taxane 1944 (87.6) Ref. Ref.

Platin 275 (12.4) 1.02 (1.53‐2.66) 2.00 (1.43‐2.81)

*Analysis adjusted for interaction of age with PDIs and surgical outcome and of surgical outcome with PDIs and surgical regimen

Statistically significant results are written in bold



delay for primary and interval debulked patients



Table S1. Classification of potential drug interactions according to three different databases.

PDI classification Lexicomp® Micromedex® Stockley

Severe Avoid Combination Contraindicated Contraindicated

Major
Consider therapy 

modification
Major interactions

Dose adjustment or close 

monitoring

Moderate Monitor therapy Moderate
Give guidance, consider 

monitoring

Not registered No action needed Minor No action needed

Not registered No known interactions Unknown



Table S2. Chemotherapy codes in the NPR

BWHA code
Combination chemotherapy with platinum and taxane
Carboplatin & paclitaxel BWHA203

BWHA109 + BWHA202
Cisplatin & paclitaxel BWHA107 + BWHA202
Carboplatin & docetaxel BWHA252

BWHA109 + BWHA208
Cisplatin & docetaxel BWHA209

BWHA107 + BWHA208
Platinum monotherapy
Carboplatin BWHA109
Cisplatin BWHA107


