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ABSTRACT

Background. In geriatric oncology, polypharmacy is often
assessed during a comprehensive geriatric assessment. Previ-
ous studies about its association with survival among patients
with colorectal cancer (CRC) were inconclusive and had high risk
for indication bias.
Patients and Methods. A cohort study was conducted with
3,239 patients with CRC, aged ≥65 years, who were recruited in
Germany between 2003 and 2016, while being hospitalized for
CRC surgery. We defined polypharmacy as the concurrent use
of five ormore drugs, and excessive polypharmacy (EPP) as con-
current use of eight or more drugs. Cox proportional hazards
regressionmodels were performed to assess the associations of
polypharmacy with 5-year overall (OS), CRC-specific (CSS), and
non-cancer-specific survival (NCS) with rigorous adjustment for
morbidity to minimize indication bias (e.g., for cancer stage,
functional status, and 13 common diseases/conditions).

Results. The prevalence of polypharmacy was 54.7% and
that of EPP was 24.2%. During up to 5 years of follow-up,
1,070 participants died, among whom 615 died of CRC and
296 died of other causes than cancer. EPP was statistically
significantly associated with poorer up-to-5-year OS (haz-
ard ratio [HR], 1.23; 95% confidence interval [CI], 1.02–
1.47) and CSS (HR, 1.31; 95% CI, 1.03–1.68). HR point
estimate for NCS was higher than 1 (1.22) but not statisti-
cally significant.
Conclusion. Polypharmacy was very common and EPP
was a weak risk factor for mortality in this large
cohort of older patients with CRC. Clinical trials are
needed to address the causality of this relationship
because older patients with CRC might benefit from
deprescribing drugs without an indication. The Oncologist
2021;26:e2170–e2180

Implications for Practice: The results of this study support the hypothesis that excessive polypharmacy, defined as use of
eight or more concurrently used active substances, has a negative impact on the prognosis of older patients with colorectal
cancer (CRC). This study suggests to oncologists that performing a medication review for older patients with CRC with eight
drugs or more is indicated (especially when a broader comprehensive geriatric assessment is being performed). Such a med-
ication review should not only focus on reducing the number of medications (by deprescribing drugs without an indication)
but also check the appropriateness of indicated drugs for older patients with cancer.

INTRODUCTION

Colorectal cancer (CRC) is one of the most frequently diag-
nosed cancers worldwide, accounting for more than 1.9 mil-
lion incident cases and more than 900,000 deaths in 2020 [1],
and thus is a disease with great public health relevance [2]. As

more than half of patients with CRC are diagnosed after the
age of 70 and the 5-year relative survival rate for all stages of
CRC combined has recently increased to surpass 60% [1, 3, 4],
pharmacological care of older and often multimorbid patients
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with CRC is increasingly a challenge for the caring physicians
but is also an area with enormous potential for improvements
in the general health and survival of older patients with CRC.

The assessment of polypharmacy, which is most com-
monly defined as the concomitant use of five or more medi-
cations [5], is incorporated in most comprehensive geriatric
assessment (CGA) tools in order to tackle clinical complexity
in frail older patients [6]. Polypharmacy is at least as fre-
quently seen in older patients with cancer as in the general
older population. In previous studies, the prevalence of
polypharmacy varied between 5.6% and 96% in older can-
cer populations [7, 8]. The wide range can be explained by
different cancer populations and disparate polypharmacy
definitions [7].

Patients with cancer are particularly prone to unintended
consequences of polypharmacy because they often receive che-
motherapy and symptom-relieving agents, which may entail
additional risk for drug-drug interactions and unwanted adverse
drug reactions (ADRs) [9]. Consequently, studies with older
patients with cancer observed associations of polypharmacy
with frailty, diminished physical and cognitive function, postop-
erative complications, lengthened hospital stay, treatment-
related toxicities, and prematuremortality [7, 8, 10–13].

Three studies with patients with CRC specifically addressed
the associations of polypharmacy with overall survival (OS) so
far [14–16]. Except for one study, which defined using an
uncommonly extreme cutoff of ≥8 drugs to define poly-
pharmacy [14], results were not statistically significant. In addi-
tion, the results were not adjusted or were poorly adjusted for
comorbidity and therefore may have been vulnerable to indica-
tion bias [17, 18].

Given the inconclusiveness and the high risk of indica-
tion bias of previous studies, we aimed to evaluate the
association of polypharmacy with OS in a large cohort of
patients with CRC with comprehensive adjustment for
potential confounders. Moreover, we widened the spec-
trum of endpoints by additionally investigating CRC-spe-
cific-survival (CSS), non-cancer-specific survival (NCS), and
chemotherapy-related ADRs.

MATERIALS AND METHODS

Study Design and Population
This study has a cohort study design because only the
patients with CRC aged ≥65 years (cases) from the ongoing,
population-based Darmkrebs: Chancen der Verhütung durch
Screening (DACHS) case-control study were included. The
DACHS study recruits CRC cases in 22 hospitals and randomly
selects control participants with no history of colorectal can-
cer in the Rhine-Neckar-Heilbronn area in Germany. Details
of the DACHS study design have been described elsewhere
[19–21]. Briefly, patients with a histologically confirmed first
diagnosis of CRC (International Classification of Diseases,
10th Revision [ICD-10], codes C18–C20) [22], aged at least
30 years, and able to speak German are eligible to partici-
pate. The DACHS study was approved by the ethics commit-
tees of Heidelberg University and the state medical boards of
Baden-Württemberg and Rhineland-Palatinate. All partici-
pants sign a written informed consent.

At baseline, shortly after CRC surgery in the collaborating
hospitals, trained study nurses carry out personal interviews
with the study participants. Information on sociodemographic
and lifestyle factors, medical history, and drug use is collected
using a standardized questionnaire. Moreover, comorbidities,
last medication, and functional status are extracted from
patients’ hospital discharge letters or hospital records. Com-
orbidities are coded with the ICD-10 coding algorithm vali-
dated by Quan et al. [23] and drugs are coded according to a
German adaption of theWorld Health Organization’s Anatom-
ical Therapeutic Chemical (ATC) code (2019 version) [24].

Detailed information on the participants’ CRC treatment
(chemotherapy and/or radiotherapy), chemotherapy-related
ADRs, and recurrence history is further gathered from ques-
tionnaires sent to gastroenterologists in the outpatient set-
ting 3 years after diagnosis. Vital status and the cause of
death of deceased patients are ascertained from population
registries. The outlined and further time-points of data col-
lection during the course of the DACHS study are illustrated
in a study timeline in supplemental online Figure 1.

Inclusion and Exclusion Criteria
We included patients with CRC of the DACHS study rec-
ruited between 2003 and 2016 in order to have follow-up
of at least 3 years (the end of available mortality follow-up
was February 2020). We further restricted the analyses to
patients 65 years and older because the CGA, of which poly-
pharmacy is a part, is being performed in older patients
with cancer only and 65 years is an often-used cutoff to
define older age. Further exclusions were made for patients
with CRC not having received any surgery (mostly patients
with stage IV disease with very poor survival prognosis who
cannot be cured anymore by surgery), without documenta-
tion of discharge medication in the hospital release records or
lost to follow-up with respect to mortality, leaving 3,239
patients for the survival analyses (supplemental online Fig. 2).
For analyses on chemotherapy-related ADRs, patients without
adjuvant/neoadjuvant chemotherapy or 3-year follow-up
information from gastroenterologists were further excluded,
leaving 1,209 patients for those analyses.

Medication Assessment and Definition of
Polypharmacy
We reviewed the drugs recorded in the discharge letters
and additionally took the patients’ self-reported medica-
tions at baseline into consideration to achieve as complete
drug information as possible. To avoid double counting of
self-reported medications and drugs from discharge letters,
we counted prescriptions with the same ATC codes to the
fourth level, which represents duplicates of chemical or
pharmacological substances of similar functions [25, 26],
once. We used the most common polypharmacy definition,
which counts all concurrently used drugs and defines use of
five or more medications as polypharmacy [5]. We further
defined the concurrent use of eight or more drugs as exces-
sive polypharmacy. In addition, we applied a modified poly-
pharmacy definition and counted only potentially clinically
relevant active substances. Details of the modified defini-
tion have been described elsewhere [27]. In brief, we coun-
ted combination drugs based on the number of active
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Table 1. Associations of the baseline characteristics of older patients with CRC with polypharmacy

Variables Total n

Polypharmacy

n (%)a
Age- and sex-adjusted,
OR (95% CI)

Multivariable,
OR (95% CI)b

Sex

Female 1,334 785 (58.9) Ref Ref

Male 1,905 987 (51.8) 0.79 (0.69–0.92) 0.54 (0.43–0.69)

Age at CRC diagnosis

Per 1-year increase — — 1.04 (1.03–1.05) 1.00 (0.99–1.02)

Years of schooling

≤9 2,318 1,332 (57.5) Ref Ref

10–11 486 235 (48.4) 0.68 (0.56–0.83) 0.77 (0.60–0.99)

≥12 435 205 (47.1) 0.71 (0.58–0.87) 0.89 (0.69–1.17)

Year of CRC diagnosis

2003–2007 1,098 558 (50.8) Ref Ref

2008–2012 1,223 676 (55.3) 1.19 (1.01–1.41) 1.40 (1.13–1.74)

2013–2016 918 538 (58.6) 1.34 (1.12–1.60) 1.67 (1.32–2.11)

Tumor location

Colon 2,088 1,162 (55.7) Ref Ref

Rectum 1,151 610 (53.0) 0.97 (0.84–1.13) 1.21 (1.00–1.45)

Tumor stage

I 769 431 (56.1) Ref Ref

II 1,082 606 (56.0) 0.95 (0.79–1.15) 0.99 (0.78–1.25)

III 985 526 (53.4) 0.87 (0.71–1.05) 1.17 (0.87–1.58)

IV 403 209 (51.9) 0.88 (0.68–1.12) 1.22 (0.85–1.74)

(Neo-) adjuvant chemotherapy

Yes 1,211 586 (48.4) 0.75 (0.65–0.87) 0.81 (0.63–1.05)

No 2,028 1,186 (58.5) Ref Ref

BMI, kg/m2

<25 1,197 562 (47.0) Ref Ref

25–29.9 1,417 803 (56.7) 1.62 (1.38–1.90) 1.21 (0.99–1.46)

≥30 625 407 (65.1) 2.45 (1.99–3.01) 1.28 (0.99–1.66)

Lifetime physical activity, MET-hours/week

T1 1,079 588 (54.5) Ref Ref

T2 1,080 607 (56.2) 1.06 (0.89–1.26) 0.90 (0.73–1.12)

T3 1,080 577 (53.4) 1.05 (0.88–1.25) 0.94 (0.75–1.18)

Smoking status

Never-smoker 1,466 793 (54.1) Ref Ref

Former smoker 1,473 832 (56.5) 1.36 (1.15–1.60) 1.23 (1.01–1.51)

Current smoker 300 147 (49.0) 1.07 (0.82–1.38) 1.20 (0.87–1.66)

Lifetime alcohol
consumption

None 603 349 (57.9) Ref Ref

T1 873 497 (56.9) 1.06 (0.85–1.31) 1.22 (0.93–1.59)

T2 883 447 (50.6) 0.94 (0.75–1.19) 1.14 (0.85–1.53)

T3 880 479 (54.4) 1.21 (0.94–1.55) 1.31 (0.96–1.80)

Red meat consumption

<1 time/week 259 139 (53.7) Ref Ref

1 time/week 735 393 (53.5) 1.02 (0.77–1.37) 1.30 (0.90–1.89)

Multiple times per week 2,245 1,240 (55.2) 1.19 (0.91–1.56) 1.29 (0.90–1.83)

(continued)
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Table 1. (continued)

Variables Total n

Polypharmacy

n (%)a
Age- and sex-adjusted,
OR (95% CI)

Multivariable,
OR (95% CI)b

Processed meat consumption

<1 time/week 406 219 (53.9) Ref Ref

1 time/week 426 217 (50.9) 0.91 (0.69–1.20) 0.90 (0.64–1.27)

Multiple times per week 2,407 1,336 (55.5) 1.17 (0.94–1.45) 1.10 (0.83–1.45)

Functional status

Excellent 629 276 (43.9) Ref Ref

Fair 1,214 603 (49.7) 1.32 (1.06–1.65) 1.45 (1.11–1.88)

Poor 1,396 893 (64.0) 2.25 (1.78–2.85) 1.72 (1.31–2.26)

Comorbidity

Hypertension

No 984 238 (24.2) Ref Ref

Yes 2,255 1,534 (68.0) 6.44 (5.42–7.64) 4.87 (4.00–5.93)

Cardiac insufficiency

No 2,560 1,240 (48.4) Ref Ref

Yes 679 532 (78.4) 3.47 (2.84–4.25) 1.66 (1.30–2.13)

Acute coronary syndrome

No 2,845 1,444 (50.8) Ref Ref

Yes 394 328 (83.3) 4.78 (3.62–6.30) 1.89 (1.36–2.64)

History of myocardial
infarction

No 2,640 1,258 (47.7) Ref Ref

Yes 599 514 (85.8) 6.81 (5.33–8.70) 3.84 (2.88–5.12)

History of stroke

No 2,849 1,485 (52.1) Ref Ref

Yes 390 287 (73.6) 2.40 (1.89–3.05) 1.74 (1.31–2.31)

Atrial fibrillation

No 2,816 1,449 (51.5) Ref Ref

Yes 423 323 (76.4) 2.80 (2.20–3.56) 1.94 (1.46–2.57)

COPD

No 2,933 1,545 (52.7) Ref Ref

Yes 306 227 (74.2) 2.61 (2.00–3.42) 2.51 (1.82–3.46)

Type II diabetes mellitus

No 2,403 1,123 (46.7) Ref Ref

Yes 836 649 (77.6) 3.98 (3.32–4.79) 2.70 (2.19–3.34)

Depression

No 2,985 1,588 (53.2) Ref Ref

Yes 254 184 (72.4) 2.34 (1.75–3.13) 2.53 (1.79–3.58)

Chronic pain

No 1,274 591 (46.4) Ref Ref

Yes 1,965 1181 (60.1) 1.66 (1.44–1.92) 1.40 (1.17–1.67)

Gastrointestinal illness

No 2,531 1,363 (53.9) Ref Ref

Yes 708 409 (57.8) 1.17 (0.98–1.38) 1.06 (0.86–1.31)

Anemia

No 2,896 1,560 (53.9) Ref Ref

Yes 343 212 (61.8) 1.25 (0.99–1.58) 1.10 (0.83–1.48)

(continued)
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substances rather than from the perspective of pill number.
For example, a pill that contains a beta-blocker (bisoprolol)
and a thiazide diuretic (hydrochlorothiazide) was counted
as two active substances (details of ATC codes of combina-
tion drugs are presented in supplemental online Table 1).
Furthermore, we did not count drugs that are known to be
safe, that is, food supplements, homeopathic or anthro-
posophical drugs, some herbal drugs, and nonsystematically
acting drugs if they have no known ADRs other than local
reactions. In extension of the previously published modified
polypharmacy definition, three drug classes were additionally
excluded because they were prescribed to most patients
with CRC during or shortly after CRC surgery for short-term
use. If antithrombotic agents, nonsteroidal anti-inflammatory
drugs, and drugs against peptic ulcer disease were listed in
the discharge letters but were not mentioned in the inter-
view with the patients, it was assumed that they were pre-
scribed for short-term use in the context of the CRC surgery
and were not counted. The full list of excluded ATC codes or
ATC code groups for the modified polypharmacy definition is
shown in supplemental online Table 2.

Ascertainment of Chemotherapy-Related Adverse
Drug Reactions
Chemotherapy-related ADRs were collected from patients’
gastroenterologists in the outpatient setting via question-
naires sent at 3-year follow-up. From a list of documented
ADRs, we selected those with at least 100 cases to have ade-
quate statistical power. The neurological and gastrointestinal
ADRs had this case number and were defined as separate,
dichotomized dependent outcomes (occurred yes/no). The
Common Terminology Criteria for Adverse Events grades
were not available.

Ascertainment of Overall, CRC-Specific, and Non-
Cancer-Specific Survival
Information about the vital status, date, and cause of death
of study participants was collected via inquiry at local popu-
lation registries. The ICD-10 codes of the causes of death
were verified by death certificates. Overall, CRC-specific,
and non-cancer-specific survival are defined as time from
CRC hospitalization to death from any cause, from CRC, or
from cause of death other than cancers, respectively, or
end of follow-up (February 2020).

Statistical Analyses
A dichotomous polypharmacy variable (≥5 vs. <5 drugs)
was used in analyses for associations of baseline charac-
teristics with polypharmacy. Two variable sets of multivari-
able logistic regression models were used to assess the
associations of patient characteristics with the dichoto-
mous variable for polypharmacy, with one adjusted for age
and sex and the other comprising all variables shown in
Table 1.

Furthermore, associations of polypharmacy (analyzed as
a variable with three categories: 0–4 drugs as reference
group; 5–7 drugs; and ≥ 8 drugs) with up-to-5-year OS, CSS,
and NCS were assessed with Cox proportional hazards
models. The follow-up time was limited to 5 years because
drug exposure may change during longer follow-up and in
order to have comparable mortality follow-up times between
3 and 5 years for all years of recruitment in the DACHS study.
Nevertheless, we carried out sensitivity analyses with unlim-
ited follow-up time (between 3 and 17 years) for the main
analyses. The proportional hazards assumption was assessed
for the main determinants and all covariates by adding time-
dependent interaction terms. Only smoking status, tumor
stage, and whether neoadjuvant/adjuvant chemotherapy
was received violated the assumption, and their interaction
terms with follow-up time were added to the models. The
polypharmacy variables did not violate the proportional haz-
ards assumption in analyses with restricted or unrestricted
follow-up time for all three outcomes (OS, CSS, and NCS).
Associations of polypharmacy (analyzed as a variable with

Table 1. (continued)

Variables Total n

Polypharmacy

n (%)a
Age- and sex-adjusted,
OR (95% CI)

Multivariable,
OR (95% CI)b

Hypothyroidism

No 3,072 1,649 (53.7) Ref Ref

Yes 167 123 (73.7) 2.33 (1.63–3.32) 2.06 (1.36–3.12)
Values in bold are statistically significant (p < .05).
aThe column n (%) was calculated using the imputation data set 1.
bEffect estimates of a multivariable model comprising all variables shown in this table.
Abbreviations: —, no data; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; MET, metabolic equiva-
lent of task; OR, odds ratio; Ref, reference.

Figure 1. Distribution of number of medications.

© 2021 The Authors.
The Oncologist published by Wiley Periodicals LLC on behalf of AlphaMed Press.

Polypharmacy and Colorectal Cancer Survivale2174



three categories: 0–4 drugs as reference group; 5–7 drugs;
and ≥ 8 drugs) with chemotherapy-related ADRs were evalu-
ated with multivariable logistic regression models because
the time between baseline and ADR assessment was almost
the same for all study participants.

Three variable sets for multivariable logistic/Cox propor-
tional regression models were used in survival analyses and
analyses on chemotherapy-related ADRs.Model 1 was adjusted
for age and sex. Model 2 was adjusted for age, sex, tumor loca-
tion and stage, year of CRC diagnosis, neoadjuvant/adjuvant

Table 2. The associations of polypharmacy with up to 5-year overall, CRC-specific, and non-cancer-specific survival in older
patients with CRC

Survival outcomes Total n Cases, n (%)
Model 1a Model 2b Model 3c

HR (95% CI) HR (95% CI) HR (95% CI)

Overall survival

0–4 drugs 1,467 430 (29.3) Ref Ref Ref

5–7 drugs 988 326 (33.0) 1.09 (0.94–1.26) 1.16 (1.00–1.35) 1.07 (0.91–1.26)

≥8 drugs 784 314 (40.1) 1.32 (1.14–1.53) 1.44 (1.24–1.68) 1.23 (1.02–1.47)

CRC-specific survival

0–4 drugs 1,432 276 (19.3) Ref Ref Ref

5–7 drugs 964 185 (19.2) 0.98 (0.81–1.18) 1.03 (0.86–1.25) 1.05 (0.86–1.30)

≥8 drugs 749 154 (20.6) 1.08 (0.88–1.31) 1.24 (1.01–1.53) 1.31 (1.03–1.68)

Non-cancer-specific survival

0–4 drugs 1,432 90 (6.3) Ref Ref Ref

5–7 drugs 964 91 (9.4) 1.41 (1.06–1.90) 1.41 (1.05–1.90) 1.02 (0.74–1.40)

≥8 drugs 749 115 (15.4) 2.14 (1.62–2.83) 2.15 (1.62–2.87) 1.22 (0.87–1.71)

Values in bold are statistically significant (p < .05).
aAdjusted for age and sex.
bAdjusted for age, sex, tumor stage, tumor location, year of CRC diagnosis, neoadjuvant/adjuvant chemotherapy, year of schooling, smoking sta-
tus, body mass index, lifetime physical activity, lifetime alcohol consumption, red meat consumption, and processed meat consumption.
cAdjusted for variables of model 2, functional status, and comorbidity.
Abbreviations: CI, confidence interval; CRC, colorectal cancer; HR, hazard ratio.

Figure 2. Dose-response curves for the associations of the number of drugs with overall, colorectal cancer–specific, and non-can-
cer-specific survival in model 2 (without adjustment for functional status and comorbidity) and model 3 (full model). The dose-
response curves for model 3 were obtained from the imputation data set 1.
Abbreviation: CL, confidence limit.
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chemotherapy (not included in models on chemotherapy-
related ADRs), years of school education, smoking status, body
mass index, lifetime physical activity, lifetime alcohol consump-
tion, and red and processed meat consumption. Model 3 addi-
tionally included the functional status and comorbidity (13
common diseases/conditions as shown in Table 1). As func-
tional status was recorded by different instruments in medical
records from the various hospitals, (American Society of Anes-
thesiologists Physical Status Classification System, the Eastern
Cooperative of Oncology Group [ECOG], and the Karnofsky per-
formance status), a harmonized indicator variable for func-
tional status was created as previously prescribed [28].
Furthermore, restricted cubic splines were applied to graphi-
cally illustrate the association of an increasing number of con-
comitantly used drugs and the outcomes without relying on
the arbitrary cut-point of five drugs to define polypharmacy.

Subgroup analyses were carried out for subgroups defined
by age (65–74/≥75 years), sex, tumor location (colon/rectum),
neoadjuvant/adjuvant chemotherapy (Yes/No), tumor stage
(I, II/III/IV), and functional status (excellent/fair/poor).

Multiple imputation was performed to impute missing
covariate data using the Markov Chain Monte Carlo [29]
technique with 200 burn-in iterations, and 20 data sets
were generated. All covariates needed for model 3 were
used as the imputation model. All analyses were conducted
with the SAS software, version 9.4 (SAS Institute, Cary, NC).
Statistical tests were two-tailed, with a significance level (α)
of .05.

RESULTS

Cross-Sectional Analyses
We included 3,239 patients for cross-sectional analyses and
analyses on survival endpoints (supplemental online Fig. 2).
The mean age of the included study participants was
75.0 years (SD, 6.5 years) at baseline, and 1,334 (41.2%)
were female. The distribution of the number of medications
with the clinically oriented, modified definition of poly-
pharmacy (Fig. 1) and the simple count of all drugs as the
traditional polypharmacy definition (supplemental online
Fig. 3) were both right-skewed. According to the modified
polypharmacy definition, the mean (SD) number of concur-
rently used drugs was 5.3 (3.3) and the maximum was
20 drugs. According to the traditional polypharmacy defini-
tion, the mean (SD) number of concurrently used drugs was
6.2 (3.2) and the maximum was 19 drugs. Overall, with the
modified polypharmacy definition, 54.7% of the study par-
ticipants concomitantly used ≥5 medications and 24.2%
used ≥8 medications. With the traditional definition of poly-
pharmacy, these two proportions were 66.3% and 31.7%,
respectively. In the following, the results for themodified poly-
pharmacy definition are reported in the article and the
corresponding, similar results for the traditional polypharmacy
definition are shown in supplemental online Tables 3–6 and
supplemental online Figure 4.

The baseline characteristics of the study population and
their associations with polypharmacy (≥5 medications) are
shown in Table 1. With increasing calendar years of CRC
diagnosis, the prevalence of polypharmacy increased. Male

patients had a 46% lower chance to be exposed to poly-
pharmacy than female patients. The significant association
of age with polypharmacy in the age- and sex-adjusted
model disappeared after including other stronger determi-
nants of polypharmacy, such as comorbidity and functional
status, in the full model. The number of years of school
education was inversely associated with polypharmacy.
Patients with rectal cancer had a statistically significantly
21% higher odds of polypharmacy compared with those
with colon cancer. Tumor stage and (neo-)adjuvant chemo-
therapy were not associated with polypharmacy. For life-
style factors, participants who were former smokers had
23% and current smokers 20% higher odds of polypharmacy
(the latter not statistically significant). Poorer functional sta-
tus was significantly associated with a 72% higher chance
for polypharmacy. With respect to comorbidity, subjects
with hypertension, cardiac insufficiency, acute coronary syn-
drome, history of myocardial infarction, history of stroke,
atrial fibrillation, chronic obstructive pulmonary disease,
diabetes mellitus, depression, chronic pain, and hypothy-
roidism had a significantly increased odds of polypharmacy.

Longitudinal Analyses
During up to 5 years of follow-up for OS, 1,070 participants
died, among whom 615 died of CRC as the primary cause of
death (57.5%) and 296 had a cause of death other than
cancer (27.7%). In model 1 and 2, the associations of poly-
pharmacy with colorectal cancer–specific and non-cancer-
specific mortality were very different: no or weak
associations were observed with colorectal cancer–specific
mortality, whereas the association of polypharmacy with
non-cancer-specific mortality was strong and statistically sig-
nificant (Table 2). With additional adjustment for comorbid-
ity and functional status in model 3, the hazard ratios (HRs)
and 95% confidence intervals (CIs) for CSS (HR, 1.31; 95% CI,
1.03–1.68 for ≥8 drugs vs. 0–4 drugs) and NCS (HR, 1.22;
95% CI, 0.87–1.71 for ≥8 drugs vs. 0–4 drugs) became com-
parable. The HRs and 95% CIs for OS (HR, 1.23; 95% CI,
1.02–1.47 for ≥8 drugs vs. 0–4 drugs) and the association
with CSS remained statistically significant. The described
changes in the results for polypharmacy from model 2 to
model 3 were likewise observed in the dose-response ana-
lyses (Fig. 2). The restricted cubic spline curves for model
3 show a flat line at the null effect value of HR = 1 for the
point estimates of the associations of the number of drugs
with all outcomes up to 5–6 medications. After this cutoff,
the curves show statistically significantly, monotonically
worsening overall, colorectal cancer–specific, and non-can-
cer-specific survival with an increasing number of drugs, and
the associations became more profound after the cutoff of
eight medications.

In sensitivity analyses, using unlimited follow-up time of
up to 17 years, 1,618 participants died, among whom
747 died of CRC as the primary cause of death (46.2%) and
578 had a cause of death other than cancer (35.7%). The
results of sensitivity analyses were similar to those obtained
in the main analyses with limited follow-up of up to 5 years
(supplemental online Table 7). Due to the higher statistical
power by more events, the association of polypharmacy
with OS was estimated with a higher precision but the point
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estimate did not change (HR, 1.23; 95% CI, 1.06–1.43 for ≥8
drugs vs. 0–4 drugs). The association between polypharmacy
and CSS became weaker but remained statistically significant
(HR, 1.26; 95% CI, 1.00–1.58 for ≥8 drugs vs. 0–4 drugs). In
contrast, the association of polypharmacy with NCS became
stronger and statistically significant in the fully adjusted model
(HR, 1.35; 95% CI, 1.06–1.72 for ≥8 drugs vs. 0–4 drugs).

In subgroup analyses, a substantially stronger associa-
tion (HR > 1.35) of excessive polypharmacy with all-cause
mortality than that in the total cohort was observed among
patients with rectal cancer, patients receiving chemother-
apy, with stage III cancer, and excellent functional status
(Table 3). However, the differences in the strata were not
very pronounced. Except for patients with rectal cancer and
with stage III cancer, all subgroup results lacked statistical
significance attributed to the reduced statistical power.

Among 961 subjects who received chemotherapy after
hospital discharge and with available information on che-
motherapy-related ADRs, 465 (48.4%) simultaneously used
five or more medications and 175 (18.2%) used eight or
more medications. Statistically significant associations of
polypharmacy were not seen with neurological (odds ratio
[OR], 0.95; 95% CI, 0.64–1.41 for ≥8 drugs vs. 0–4 drugs) or
gastrointestinal ADRs (OR, 1.00; 95% CI, 0.75–1.33 for ≥8
drugs vs. 0–4 drugs) in the main model 3 (supplemental
online Table 8).

DISCUSSION

In this large-scale cohort study of patients with CRC, an
increasing number of medications upon hospital discharge
after CRC surgery was significantly associated with poorer
up-to-5-year OS. The strengths of the associations of poly-
pharmacy with CSS and NCS were similar compared with that
with OS, but the association with NCS was not statistically
significant. Furthermore, no statistically significant associa-
tions were observed between polypharmacy and chemother-
apy-related gastrointestinal and neurological ADRs.

Like four of the previous studies with patients with CRC
[15, 30–32], we also defined polypharmacy as concomitant
use of five medications or more, and its prevalence in our
study population (66.3% when counting all drugs and 54.7%
when counting only clinically relevant drugs) was compara-
ble to that reported by the other studies (prevalence range:
25.8%–71.2%) [15, 30–32]. In this way, we are confident
that the reporting quality of medication information in our
study was at least as good as that in previous studies.

Three studies with patients with CRC (n = 114, n = 178,
and n = 1,528) specifically addressed the associations of
polypharmacy with overall survival so far [14–16]. It is
unclear for the two small studies from Ommundsen et al.
[14, 16] whether part of the recruited patients with CRC
were the same. The earlier publication reported a statisti-
cally significant association (OR, 2.20; 95% CI, 1.10–4.30) for
a comparison of users of ≥8 and < 8 drugs [14], and the
later publication observed no significant association for a
comparison of users of ≥6 and < 6 drugs (HR, 1.5; 95% CI,
0.8–2.7) [16]. The analysis in the large Surveillance, Epide-
miology, and End Results Medicare database (n = 1,528
patients with CRC and n = 1,595 patients with breast

cancer) observed statistically significant associations for the
comparisons of users of 5–10 drugs (HR, 1.27; 95% CI, 1.00–
1.61) and ≥ 11 drugs (HR, 1.75; 95% CI, 1.34–2.28) with
users of 0–4 drugs when patients with CRC and patients
with breast cancer were combined. In distinct analysis, the
statistical power was insufficient, and polypharmacy was
not significantly associated with overall mortality among
patients with CRC or those with breast cancer; the HRs
were not reported. For patients with CRC, the study only
observed a statistically significant association of poly-
pharmacy with the outcome emergency room visits [15]. A
few further CRC cohort studies have addressed associa-
tions of polypharmacy with clinical outcomes other than
survival, but most of them reported null results attributed
to insufficient statistical power [15, 30–34]. Of note, the
results of previous studies on the associations of poly-
pharmacy and clinical outcomes were not or poorly
adjusted for comorbidity and therefore may have been vul-
nerable to indication bias [17, 18].

Compared with the result of a published meta-analysis
of 18 previous cohort studies with older patients with
cancer with various cancer types [7], the association of
polypharmacy with all-cause mortality (risk ratio, 1.37;
95% CI, 1.25–1.50) was similar to the HR and 95% CI of
model 2 from our study with older patients with CRC (HR,
1.44; 95% CI, 1.24–1.68 for ≥8 drugs vs. 0–4 drugs). Fif-
teen out of the 18 studies included in the meta-analysis
and the model 2 analysis from our study were not adjusted
for comorbidity. When we additionally adjusted for comorbid-
ity and functional status, which are important potential con-
founders modeling the morbidity level, the association of
polypharmacy with all-causemortality was remarkably attenu-
ated but remained statistically significant (HR, 1.23; 95% CI,
1.02–1.47 for ≥8 drugs vs. 0–4 drugs). Thus, after comprehen-
sive correction for confounding by indication in our study, the
excess risk by polypharmacy was approximately halved from
44% to 23% for patients using ≥8 drugs. In addition, we did
not observe any increased mortality for users of 5–7 drugs
(HR, 1.07; 95% CI, 0.91–1.26 in comparison with 0–4 drugs).
We estimate that approximately half of the excess risk for the
association of polypharmacy and all-cause mortality in older
patients with cancer reported from previous studiesmight just
be the result of indication bias. The main reason why most of
previous studies insufficiently adjusted for comorbidity is that
the objectives of these studies were to assess polypharmacy
as a prognostic factor and not as a risk factor. Polypharmacy is
often incorporated into CGAs that aim to predict adverse
health outcomes in frail patients with cancer. For these prog-
nostic studies, adjustment for potential confounders is gener-
ally not needed. However, when assessing the research
question whether polypharmacy is a risk factor for adverse
health outcomes in frail patients with cancer, proper adjust-
ment for potential confounders is crucial.

Besides comorbidity, we observed that the functional sta-
tus is an important potential confounder that needs to be
taken into account.We observed that participants with poorer
functional status also had higher odds of polypharmacy, and
the association was still statistically significant after addition-
ally adjusting for lifestyle factors and comorbidities (OR, 1.72;
95% CI, 1.31–2.26 for poor functional status vs excellent
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functional status). This finding is in agreement with previous
studies, which investigated the associations between patient
characteristics and polypharmacy in older patients with cancer
and observed that poorer ECOG performance status was sig-
nificantly associated with polypharmacy [35, 36]. Interestingly,
in our cohort, age was not associated with polypharmacy
any more in the full model, in which we included more clini-
cally relevant variables than age, like the functional status and
13 diseases/conditions. Thus, we are confident that a suffi-
cient adjustment for the health status was made and residual
confounding was minimized asmuch as possible.

Another aspect of causality assessment is a dose-response
relationship. An important finding of our study is that such a
monotonic increase in mortality was only observed for the
number of drugs used and all survival outcomes after the
number of drugs surpassed 5–6 drugs and that the associa-
tions started to become more profound with eight drugs or
more. This may indicate that the oversight of the potential
for ADRs and drug-drug interactions of up to the number of
seven drugs by physicians works well for older patients with
CRC. However, with eight drugs and more, the medication
management for older patients with CRC becomes more and
more complex and risks by ADRs and drug-drug interactions
may be overseen or occur because there are unknown
interactions [9].

Drug-drug interactions with chemotherapy and a higher
severity of chemotherapy-related ADRs are of special con-
cern among oncologists who need to decide about the initi-
ation of chemotherapy for certain older patients with CRC
with polypharmacy. We did not find any significant associa-
tions of polypharmacy with neurological and gastrointesti-
nal chemotherapy-related ADRs. However, there is much
more research needed in this area because our investiga-
tion was the first of its kind and had the limitation of low
number of events, which prohibited us to address rarer
ADRs (e.g., hematological ADRs).

We acknowledge that there are some further limita-
tions in our study despite its unique strengths. We already
stated the reasons why we think that under-reporting of
drugs and residual confounding are no big issues in our
study. However, we had no information on prescription
changes over time and medication adherence of study par-
ticipants. The resulting inaccuracy of polypharmacy classi-
fication has most likely led to an underestimation of effect
estimates. Another aspect that could have led to an under-
estimation is the healthy-user/sick-stopper bias because a
new-user design was not possible to apply in this study
[37]. Besides, our study was conducted in Germany and
the generalizability of its results to other countries may be
limited.

Nevertheless, taken together, our study suggests that
performing a medication review for older patients with
CRC with five drugs or more is indicated and could be
included in a broader CGA. Such a medication review
should not only focus on reducing the number of medica-
tions (by deprescribing drugs without an indication) but
also check the appropriateness of indicated drugs for
older adults. Several tools to assess such potentially inap-
propriate medication for older patients with cancer are
available [38–41].

CONCLUSION

In this large cohort study of older patients with CRC, poly-
pharmacy was very common and concurrent use of eight or
more drugs was a weak risk factor for up-to-5-year all-cause
and colorectal cancer–specific mortality. No statistically sig-
nificant associations were observed between polypharmacy
and NCS as well as chemotherapy-related gastrointestinal
and neurological ADRs, and larger studies with higher statis-
tical power are needed to address these clinical endpoints.
Although some aspects of our results suggest a causal rela-
tionship of polypharmacy with all-cause mortality of
patients with CRC (temporality, low risk of confounding,
and dose-response relationship), causality needs to be
addressed in randomized clinical trials comparing conduc-
tion of a comprehensive medication review and usual care.
We think that such trials are needed in the field of geriatric
oncology. Although the results of such trials are being
awaited, our results underline the need for the conduction
of medication reviews for older patients with CRC with
excessive polypharmacy (≥8 drugs) as part of the CGA.
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