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Abstract
Introduction Certain clinical events reduce life expectancy and necessitate a reassessment of patient treatment.
Objective To describe medication changes in relation to a cancer diagnosis and the end of life and to highlight challenges 
and limitations with such descriptions.
Methods From a cohort with all Danish patients with type 2 diabetes, we matched patients with incident cancer during 
2000–2021 (n = 41,745) with patients without cancer (n = 166,994) using propensity scores. We described their medication 
usage from cancer diagnosis until death.
Results The 1- and 5-year mortality were 51% and 86%, respectively, in the cancer group, and 13% and 59% in the non-
cancer group. In relation to cancer diagnosis and death, the use of symptomatic medications (e.g., opioids, benzodiazepines) 
increased (10–60 incident medications per 100 patient-months), and the use of preventive medications (e.g., antihyperten-
sives, statins) decreased (5–30% fewer users). The changes in relation to the diagnosis were driven by patients with short 
observed lengths of survival (< 2 years). In contrast, changes occurring within a year before death were less dependent on 
survival strata, and > 60% used preventive medications in their last months.
Conclusions Medication changes in relation to a cancer diagnosis were frequent and correlated to the length of survival. 
The results showcase the challenges and limited clinical utility of anchoring analyses on events or death. While the former 
diluted the results by averaging changes across patients with vastly different clinical courses, the latter leveraged informa-
tion unavailable to the treating clinicians. While medication changes were common near death, preventive medications were 
often used until death.
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Key Points 

Medication changes are frequent in relation to both can-
cer diagnosis and death, and despite a cancer diagnosis, 
most patients use preventive medications until their 
death.

When anchoring analyses on a clinical event, e.g., cancer 
diagnosis, medication changes are less clear as they 
are averaged across patients with different lengths of 
survival.

When anchoring analyses on death, changes to medica-
tion are more uniform yet of limited clinical relevance 
as the analyses leverage information unavailable to the 
treating clinician.

1 Introduction

Older patients should have their medications continuously 
reassessed to ensure appropriateness according to their clini-
cal situation. This is particularly true during major clinical 
transitions that reduce life expectancy, such as receiving a 
cancer diagnosis or being admitted to a nursing home [1]. In 
these situations, reassessing and even discontinuing medica-
tions such as lipid-lowering or antihypertensive medications 
might be relevant as their beneficial effects often need years 
of treatment to accrue [2, 3]. However, there are barriers to 
discontinuing medications in this patient group, such as lack 
of communication, overconfidence in the treatment benefits 
[4, 5], and challenges in predicting life expectancy [6, 7].

Descriptions of these medication changes can help 
improve clinical decision making or understanding of med-
ication and disease trajectories. However, they are meth-
odologically challenging as the data needs to be analyzed 
either prospectively, i.e., anchoring the timeline to a clinical 
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event [8, 9], or retrospectively, i.e., anchoring the timeline 
at death [10].

In this study, we explore the various anchoring methods 
by describing medication changes in Danish patients with 
type 2 diabetes and incident cancer, from diagnosis to death. 
We aim to demonstrate these methods’ inherent challenges 
and limitations, which may result in misinterpretation due 
to patients having different clinical courses and survival 
lengths. The population was chosen as their treatment often 
includes medications with preventive cardiovascular effects, 
such as glucose-lowering [11, 12], lipid-lowering [13, 14], 
and antihypertensive medications [15].

2  Methods

We identified all prevalent and incident Danish patients 
≥ 50 years with type 2 diabetes who died during 2000–2021. 
Within this cohort, we matched every patient with an inci-
dent cancer diagnosis (except non-melanoma skin cancer) 
with four non-cancer patients using propensity scores.

2.1  Population

Diabetes was defined by ever having redeemed a glucose-
lowering medication [Anatomical Therapeutic Chemical 
(ATC) code A10B] [16] or having a diagnosis of type 2 
diabetes [International Classification of Diseases (ICD)-10 
code E11] [17]. We excluded women who used metformin 
before age 40 without ever redeeming other glucose-lower-
ing medications or having a type 2 diabetes diagnosis, as this 
indicates treatment for polycystic ovarian syndrome and not 
type 2 diabetes. Similarly, we excluded patients who only 
used glucagon-like peptide-1 receptor agonists (GLP-1RA) 
approved solely for bodyweight reduction (liraglutide trade-
name  Saxenda®). Cancer was identified by ICD-10 codes 
[18].

2.2  Matching

We used propensity score matching with replacement and 
a caliper width of 0.01. A propensity score for cancer was 
calculated for each patient and year, ranging from the date 
of diabetes diagnosis until censoring, using baseline data 
on sex, country of birth, age, duration of type 2 diabetes, 
comorbidities, and socioeconomic status. The baseline data 
was retrieved 6 months prior to cancer diagnosis. Covariate 
balance was evaluated using standardized mean differences. 
The date of the cancer diagnosis was used as the cohort entry 
date for the matched pairs.

2.3  Medications and Covariates

We limited the medications in the analyses to two categories: 
(1) predominantly preventive medications (i.e., medications 
with long-term cardiovascular benefits), and (2) predomi-
nantly symptomatic medications (i.e., primarily symptom-
relieving medications). The preventative medications were 
exemplified by glucose-lowering medications, antihyper-
tensives, and statins, while the symptomatic medications 
were exemplified by opioids, benzodiazepines, antiemetics, 
and proton-pump inhibitors. The medications were identi-
fied by ATC codes, and precise definitions are provided in 
Supplementary Table 1. Other medications were categorized 
using the ATC system (fourth level). Duration of diabetes 
was calculated from the time first fulfilling any inclusion 
criteria. The number of comorbidities was calculated from 
a list of comorbidities provided in Supplementary Table 2. 
Gross-household income was categorized in quartiles per 
year. Country of birth was categorized according to Statistics 
Denmark’s official classification.

2.4  Outcomes and Analyses

Within the matched cohort, we analyzed (a) the rate of inci-
dent (new) medications, and (b) the proportion of prevalent 
medication users for each month in a 5-year time window. 
Incident medications described the initiation of new treat-
ment and were defined as not being used by a patient in 
the past 3 years. The rate was calculated as the number of 
incident medications per 100 patients per month. A prevalent 
user was defined as having redeemed a medication in the 
past 3 months. The proportion was calculated as the number 
of prevalent users per 100 patients alive.

The analyses were either prospective, i.e., timeline 
anchored at cohort entry, or retrospective, i.e., timeline 
anchored at death. The 5-year time window either spanned 
from 1 year prior to cohort entry to 4 years after or 5 years 
preceding death. The analyses were stratified on observed 
years of survival (< 1, 1 to < 2, 2 to < 3, 3 to < 4, or ≥ 4). 
While this stratification leverages future data (on time of 
death) and thus violates usual epidemiological practice, it 
was intentionally done to illustrate the challenges of analyz-
ing medication changes. The analyses were also stratified 
on age (over or under 75) and year of treatment (before or 
after 2010) as sensitivity analyses. Data management and 
statistical analyses were performed in R version 4.1.3 [19].

3  Results

The final cohorts comprised 41,745 patients with cancer 
and 166,994 patients without cancer. The cohorts were well 
balanced on all covariates included in the propensity score 
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model. Most patients were male (60%), and the median age 
at cohort entry was 74 years (interquartile range 59–89). Full 
patient characteristics are presented in Table 1. The 1- and 
5-year mortality was 51% and 86% in the cancer group and 
13% and 59% in the non-cancer group, respectively.

3.1  Anchored Analyses

When the analyses were performed prospectively (anchored 
at cancer diagnosis), the overall proportions of prevalent 
symptomatic and preventive medication users (Fig. 1a, 
c—black lines) and overall rates of incident medications 
(Fig.  2a, c—black lines) increased from 1 year before 
the diagnosis to the date of diagnosis, whereafter they 
decreased. In the non-cancer group, the overall medication 
usage was near constant around cohort entry (Figs. 1b, d and 
2b, d—black lines). When anchored at death, the observed 
peaks around the cancer diagnosis were blotted out, and the 
overall proportions and rates appeared more similar between 
the groups (Figs. 1e–h and 2e–h—black lines). However, the 
cancer group used symptomatic medications more frequently 
in the months before death than the non-cancer group.

3.2  Stratifying on Length of Survival

Stratifying on length of survival revealed three key findings. 
First, the overall (unstratified) medication changes in rela-
tion to cancer diagnosis were driven by patients with shorter 
lengths of survival (Figs. 1a, c and 2a, c—blue lines). Sec-
ond, when anchored at cohort entry, an increase in sympto-
matic medication users and a decrease in preventive medica-
tion users were observed in the last year of all survival strata 
(Fig. 1a, c—blue lines). The opposite was observed for the 
overall (unstratified) proportion of users, where symptomatic 
users seemed to decrease over time, and preventive medica-
tion users seemed to increase from 6 months after the can-
cer diagnosis (Fig. 1a, c—black lines). This dilution of the 
overall (unstratified) results was not seen when the analyses 
were anchored at death (Fig. 1e, g). Finally, stratifying while 
anchoring at cohort entry introduced a phenomenon with 
varying proportions and rates at the end of each stratum due 
to few people with very short life expectancies being alive 
(Figs. 1a–d and 2a–d).

3.3  Stratifying on Age and Year of Treatment

The stratified analyses are available in the Supplementary 
Material. Stratifying on age revealed that there were no dif-
ferences in medication usage between younger (< 75) and 
older (≥ 75) patients when survival length was accounted 
for. In contrast, stratifying of treatment before or after 2010 
showed that fewer patients were treated with preventive 

medication in their last year alive after 2010 compared with 
before 2010.

The two medication classes (fourth level ATC) with 
the largest absolute difference in the proportion of users 
(3 months before to 6 months after the cohort entry) between 
the groups were: opioids (N02AA) (40% versus 10%, differ-
ence 30%) and proton pump inhibitors (A02BC) (49% versus 
30%, difference 19%).

4  Discussion

We showed that a cancer diagnosis and an approaching death 
were both associated with increased use of symptomatic 
medications and decreased use of preventive medications. 
We further illustrated the pharmacoepidemiologic chal-
lenges in analyzing and interpreting medication changes at 
specific timepoints. Analyzing prospectively (i.e., anchoring 
at cancer diagnosis) and stratifying on length of survival 
illustrated that the changes in relation to a cancer diagnosis 
were mainly driven by patients who died within 2 years. In 
addition, analyzing retrospectively (i.e., anchoring at death) 
showed that medication usage near death was less dependent 
on the length of survival and presence of a cancer diagnosis.

The study’s main limitation is that medication adher-
ence is not fully accounted for. However, the data stems 
from redeemed prescriptions, which increases the likeli-
hood of actual consumption compared with using issued 
prescriptions [20]. Another limitation is that although 
cancer types have different prognoses, we do not stratify 
by individual cancer type, thus limiting the clinical infer-
ence and interpretability of our findings. However, such 
stratification was considered out of scope for this study.

The increase in medication usage prior to a cancer 
diagnosis is expected to, at least in part, be explained by 
reverse causation, i.e. early symptoms of the cancer diag-
nosis triggering new medical treatment [21]. As for medi-
cation usage after the cancer diagnosis, a shorter length of 
survival was correlated to lower use of preventive medica-
tion and more use of symptomatic medication.

Our results could be interpreted as physicians, to some 
extent, were able to predict the life expectancy of patients 
with cancer and revisit their medication accordingly, i.e., 
discontinue preventive medication while initiating sympto-
matic medication to patients with shorter life expectancies. 
However, it is noteworthy that our analyses were aggregated, 
and individual patient trajectories were not considered.

A clinical key point from our results is that 60–80% of 
all patients were treated with preventive medication right 
up until their death. This might seem excessive consider-
ing that these medications should be minimized in patients 
with limited life expectancy. On a positive note, our results 
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Table 1.  Patient characteristics of matched cohorts

Characteristic Cancer
N = 41,745

Non-cancer
N = 166,994

SMD

Age, years—median (IQR) 73 (13) 74 (15) 0.04
Sex 0.09
 Female 16,088 (39%) 72,136 (43%)
 Male 25,657 (61%) 94,858 (57%)

Country of birth—n (%) 0.08
 Denmark 39,437 (94%) 154,567 (93%)
 Western country 1131 (3%) 5541 (3%)
 Non-western country 1177 (3%) 6886 (4%)

Gross household income, quartile—n (%) 0.09
 1st quartile 6613 (24%) 40,410 (26%)
 2nd quartile 6862 (25%) 40,537 (26%)
 3rd quartile 6564 (24%) 38,161 (25%)
 4th quartile 7207 (26%) 35,162 (23%)

Duration of diabetes, years—n (%) 0.09
 < 4 15,343 (37%) 55,298 (33%)
 4–7 11,260 (27%) 44,985 (27%)
 ≥ 8 15,142 (36%) 66,711 (40%)

Number of comorbidities, n—n (%) 0.03
 < 3 6964 (17%) 29,561 (18%)
 3–5 15,017 (36%) 59,168 (35%)
 ≥ 6 19,764 (47%) 78,265 (47%)

Comorbidities—n (%)
 Atrial fibrillation 6919 (17%) 30,281 (18%) 0.04
 Chronic pulmonary disease 8526 (20%) 34,582 (21%) 0.01
 Diabetes complications 6611 (16%) 31,364 (19%) 0.08
 Dyslipidemia 25,785 (62%) 104,552 (63%) 0.02
 Heart failure 4670 (11%) 22,733 (14%) 0.07
 Hypertension 17,309 (41%) 67,935 (41%) 0.02
 Ischemic heart disease 8265 (20%) 38,672 (23%) 0.08
 Neuropathy 2688 (6%) 11,081 (7%) 0.01
 Peripheral vascular disease 4157 (10%) 17,348 (10%) 0.01
 Renal insufficiency 3368 (8%) 16,022 (10%) 0.05

Medications—n (%)
 Angiotensin-converting enzyme and angiotensin II receptor blockers 26,224 (63%) 104,881 (63%) 0.00
 Anticoagulants 5766 (14%) 27,636 (17%) 0.08
 Antihypertensive excl. angiotensin-converting enzyme and angiotensin II recep-

tor blockers
33,270 (80%) 134,911 (81%) 0.03

 Antiplatelets 20,272 (49%) 86,737 (52%) 0.07
 Beta blockers 14,326 (34%) 62,656 (38%) 0.07
 Benzodiazepines 8336 (20%) 37,592 (23%) 0.06
 Calcium channel blockers 14,209 (34%) 57,979 (35%) 0.01
 Inhaled corticosteroids 5622 (13%) 23,326 (14%) 0.01
 Lipid-lowering agents 25,047 (60%) 101,018 (60%) 0.01
 Opioids 10,083 (24%) 44,218 (26%) 0.05
 Thiazides 8618 (21%) 34,644 (21%) 0.00
 Systemic corticosteroids 4052 (10%) 17,129 (10%) 0.02

Glucose-lowering medications—n (%)
 Metformin 23,344 (56%) 87,570 (52%) 0.07
 Dipeptidyl peptidase IV inhibitors 3406 (8%) 14,056 (8%) 0.01
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show that these numbers were lower in patients treated after 
2010. Measures such as increased education on the often 
limited beneficial effects and potential side effects of preven-
tive medications might help physicians further accommodate 
the current guidelines and overcome some barriers related 
to discontinuing medications near end-of-life. However, 
predicting life expectancy is challenging. Thus, the clinical 
usefulness of these retrospective analyses remains limited.

For pharmacoepidemiologists, our findings highlight the 
need for carefully considering the aim of describing medica-
tion changes near end-of-life. If the aim is to inform clinical 

decision making, a prospective approach is appropriate, 
i.e., anchoring on an event such as cancer diagnosis or other 
clinical transitions. In contrast, a retrospective approach, 
i.e., anchoring on death, would be preferred if the aim is 
to describe care trajectories up to death. However, as we 
have shown, researchers need to acknowledge the drawbacks 
of both methods. Whereas the prospective analysis in the 
aggregate dilutes marked medication changes among some 
individuals, the retrospective analysis complicates the clini-
cal inference as it leverages information unavailable to clini-
cians treating the patients.

Table 1.  (continued)

Characteristic Cancer
N = 41,745

Non-cancer
N = 166,994

SMD

 Glucagon-like peptide-1 receptor agonist 1901 (5%) 6857 (4%) 0.02
 Sodium–glucose cotransporter-2 inhibitors 1012 (2%) 4063 (2%) 0.00
 Sulfonylureas 12,270 (29%) 50,066 (30%) 0.01

Length of survival, years—n (%)*
 < 1 21,207 (51%) 21,476 (13%)
 1 to < 2 6571 (16%) 22,485 (13%)
 2 to < 3 3720 (9%) 20,722 (12%)
 3 to < 4 2506 (6%) 17,975 (11%)
 ≥ 4 7741 (19%) 84,286 (50%)

SMD standardized mean difference
*Patients were not matched on length of survival
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Fig. 1  The proportion of prevalent users, anchored at either cohort 
entry (a–d) or death (e–h). The black line represents the full (unstrati-
fied) population. The blue lines represent the population stratified by 
observed length of survival. Lighter shades illustrate shorter observed 

survival length. A user was prevalent if they had redeemed a medica-
tion from that category in the past 3 months. ATC codes and defini-
tions are provided in Supplementary Table 1
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5  Conclusion

Medication changes in relation to a cancer diagnosis were 
frequent and correlated to the length of survival. While 
many patients’ pharmacotherapy got revised in their last year 
alive, a majority were treated with preventive medications 
until their death, irrespective of the length of survival and 
the presence of a cancer diagnosis. The results showcase 
the methodological challenges and limited clinical utility of 
describing medication use near end-of-life.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40266- 023- 01062-0.
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