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Abstract

Purpose We aimed to investigate the prevalence and predicting factors of inappropriate polypharmacy including potentially
inappropriate medications (PIMs) and drug-drug interactions (DDIs) and their associations with emergency department (ED)
visits in older Korean patients receiving anti-neoplastic therapy.

Methods We identified older patients receiving anti-neoplastic therapy in 2016 from the National Health Claims database. We
investigated the prevalence of inappropriate polypharmacy comprising PIMs and DDIs in geriatric patients according to the 2019
American Geriatrics Society Beers Criteria® and chemotherapeutic DDIs using Lexicomp Online™ and Micromedex®. A nested
case-control study was conducted to evaluate the associations between inappropriate polypharmacy and ED visits during anti-
neoplastic therapy. Multivariate logistic regressions were performed after adjusting for age, sex, cancer diagnosis, prior ED visits,
Charlson Comorbidity Index, and type of anti-neoplastic therapy.

Results Inappropriate polypharmacy, its subtype PIMs, geriatric, and chemotherapeutic DDIs were observed in 85.4%, 80.4%,
17.3%, and 37.9% of the 21,956 patients receiving anti-neoplastic therapy, respectively. After adjusting for confounding factors,
the presence of inappropriate polypharmacy (adjusted odds ratio (aOR) 2.15, 95% confidence interval (CI) 1.97-2.35), 2 or more
PIMs (aOR 1.85,95% CI1.68-2.02), 2 or more chemotherapeutic DDIs (aOR 2.88, 95% CI 2.54-3.28), and geriatric DDIs (aOR
1.61, 95% CI 1.43-1.80) increased the likelihood of ED visits during anti-neoplastic therapy.

Conclusion This nationwide study showed that inappropriate polypharmacy was prevalent and increased the risk of ED visits in
older patients receiving anti-neoplastic therapy. Study findings suggested a need to implement deprescribing strategies in this
population.

Keywords Anti-neoplastic agents - Geriatrics - Inappropriate polypharmacy - Potentially inappropriate medication - Drug
interaction - Emergency department
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Polypharmacy, commonly defined as the use of five or
more medications, has been described as one of the public
health challenges in the geriatric population owing to its rela-
tionship with increased risk of negative clinical outcomes in-
cluding adverse drug reactions, non-adherence, falls and
fractures, hospitalization, and emergency visits [4].
Polypharmacy may be appropriate or inappropriate, de-
pending on the case. As polypharmacy in patients with
multi-morbidity is sometimes necessary and beneficial in
some clinical situations [5], distinguishing between ap-
propriate and inappropriate polypharmacy is necessary.
Inappropriate polypharmacy is defined as the use of one
or more medications that are not needed and the use of
medications that expose the patient to a high risk of
adverse drug reactions. An unwillingness or inability
to take the prescribed medication is also considered in-
appropriate polypharmacy [6].

The use of potentially inappropriate medications
(PIMs) is referred to as inappropriate polypharmacy when
the risks outweigh the benefits, especially when safer al-
ternatives are available [7]. The reported prevalence of the
use of PIMs in older adults with cancer ranges from 21 to
51% [8]. In addition, the potential drug-drug interactions
(DDIs) associated with anti-neoplastic agents could be
considered as inappropriate polypharmacy as they render
patients vulnerable to the adverse effects of the drug.
Previous studies have shown the presence of clinically
significant drug interactions in approximately 27-58% of
patients who receive anti-neoplastic therapy [9]. Studies
also show that patients undergoing treatment with oral
targeted anticancer agents are at considerable risk for
DDIs [10].

With an increase in the geriatric population undergoing
cancer treatment and a growing need for special care,
determining the prevalence and consequences of inappro-
priate polypharmacy in older patients receiving anti-
neoplastic therapy would be helpful in addressing the cur-
rent status of the quality of care, potential risks, and the
interventional strategies. However, epidemiological stud-
ies regarding these issues remain insufficient as they were
mostly conducted in specific cancer patients, patients
using specific anti-neoplastic agents, a relatively small
sample size, or patients in single institutions [11-13].
Furthermore, only limited studies investigated the associ-
ation of inappropriate polypharmacy, PIMs, or DDIs,
alone or in combinations with negative clinical conse-
quences, which showed inconsistent results in the geriat-
ric oncology population [14—17].

We aimed to investigate the nationwide prevalence and
predicting factors of inappropriate polypharmacy comprising
PIMs and DDIs, and their association with emergency depart-
ment (ED) visits in older Korean patients receiving anti-
neoplastic therapy.
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Methods
Database source and population

We used the 2016 National Adult Patient Sample database
obtained from the Korean Health Insurance Review and
Assessment Service (HIRA) database, which included
1,327,455 patients corresponding to 20% of the total popula-
tion older than 65 years. Among them, 28,506 patients were
prescribed anticancer drugs. We identified 21,956 patients
(77.0 %) who were assigned diagnostic codes for cancer after
excluding 6550 patients who received anti-neoplastic agents
such as methotrexate, rituximab, and cyclophosphamide for
non-cancer disease treatment (Fig. 1). Anticancer drugs were
identified using their Anatomical Therapeutic Chemical
(ATC) codes and classified into cytotoxic chemotherapy
(ATC code LO1 except for targeted therapy), targeted therapy,
(ATC codes LO1XC, LO1XE, and some medications belong-
ing to LO1XX), and endocrine therapy (ATC code L02).
Diagnostic codes for cancer were based on the International
Classification of Diseases, 10th edition (ICD-10) including
codes C00-C96 (cancer) and D37-D48 (neoplasms of uncer-
tain or unknown behavior, polycythemia vera, and
myelodysplastic syndromes). The first date on which an anti-
cancer drug was prescribed in 2016 was defined as the cohort
entry date; the last date that was covered by an anticancer drug
prescription, or the last day of 2016, whichever was earlier,
was defined as the study end date. This study was approved by
the Seoul National University institutional review board (SNU
18-09-055).

Definition of outcomes and variables

Inappropriate polypharmacy

We defined inappropriate polypharmacy as a practice
involving the use of one or more PIMs or combinations
of medications with potential DDIs that should be
avoided during anti-neoplastic therapy. The PIMs pre-
scribed during anti-neoplastic therapy were assessed ac-
cording to the 2019 American Geriatrics Society (AGS)
Beers Criteria® for inappropriate use in the geriatric
population [18]. The majority of PIMs for this popula-
tion were included; however, medications that are inap-
propriate for adults with a specific disease, and those
that should be used with caution, were excluded.
Additionally, according to the recommendations of the
Beers Criteria®, injections of first-generation antihista-
mines were not classified as PIMs. The prevalence eval-
uation was based solely on the category of PIM for each
patient; hence, we only counted a PIM once when the
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(N=4,055)

Non-Emergency department visit

patients (Control)
(N=13,963)

Fig. 1 Flowchart depicting the methodology of patient selection

same type was repeated in individual patients. We also
evaluated the prevalence of individual drugs belonging
to the same class of PIMs.

To identify clinically significant DDIs that increase the risk
of adverse drug reactions, those that should be avoided in the
older adults as described in the 2019 AGS Beers Criteria®,
namely geriatric DDIs and potentially significant interactions
involving anticancer drugs (chemotherapeutic DDIs), based
on a reference database, were screened. For chemotherapeutic
DDlIs, those categorized as “D” or “X” by Lexicomp
Online™, or those categorized as “major” or “contraindica-
tions” in severity by Micromedex®were included [19].

Inappropriate polypharmacy and emergency department
visit

In order to evaluate the clinical impact of inappropriate
polypharmacy in older patients with cancer, the associations
between inappropriate polypharmacy and ED visits were eval-
uated using a nested case-control study design. Among the
patients who received anti-neoplastic therapy, cases were de-
fined as those with ED visits after May 2016 during anti-

neoplastic therapy. Only the first ED visit during the study
period was included and the date of the first visit was defined
as the index date. Controls were selected from those who did
not visit the ED during anti-neoplastic therapy after matching
the first date of anti-neoplastic therapy in 2016 (cohort entry
date). We excluded patients who stopped anti-neoplastic ther-
apy before May were excluded and only evaluated those who
made ED visits during anti-neoplastic therapy (Fig. 1).

The evaluation of the overall practice of inappropriate
polypharmacy, number of PIMs, and the presence of geriatric
and chemotherapeutic DDIs was based on medications used
for more than 5 days during the 1-month period before the
index date.

Statistical analysis

Baseline characteristics of the study population were summa-
rized using descriptive statistics. To compare variables be-
tween the case and control groups, chi-square statistics were
applied. Multivariate logistic regression analysis was per-
formed to investigate the factors associated with inappropriate
polypharmacy and the associations between inappropriate
polypharmacy and ED visits.
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To evaluate the impact of inappropriate polypharmacy on
multiple ED visits, we conducted a multinomial logistic re-
gression analysis after categorizing ED visits as no visit, one-
time visit, or multiple visits (> 2) during anti-neoplastic ther-
apy as a post hoc analysis.

The confounding variables adjusted in this multivariate lo-
gistic regression analysis in the identification of predictors for
inappropriate polypharmacy were age, sex, insurance, cancer
diagnosis, type of anti-neoplastic agents, the Charlson
Comorbidity Index (CCI) score, duration of cancer treatment,
type of predominantly visited healthcare facilities, frequency
of healthcare visits, and the number of prescribers during a 1-
year duration. Moreover, age, sex, cancer diagnosis, prior ED
visits, CCI score, type of anti-neoplastic therapy, and the num-
ber of chronic medications were adjusted in the analysis of the
association between inappropriate polypharmacy and ED
visits. The number of chronic medications was determined
based on the medications that were used at least 20 days a
month. Furthermore, we selected the maximum number of
concomitant medications as a representative value for a
cross-sectional study. Data management and statistical analy-
sis were performed using SAS version 9.4 (SAS Institute,
Cary, NC).

Results
Population characteristics

A total of 21,956 patients (1.7%) selected for this study were
diagnosed with cancer and prescribed anticancer drugs. The
mean age was 74.2 years and 62.6% of the patients were men.
Prostate cancer (27.3%) was the most common, followed by
breast cancer (16.5%), colon cancer (13.8%), and lung cancer
(13.6%). The proportion of patients who received oral and
injectable anticancer drugs was 56.2% and 66.9%, respective-
ly. Cytotoxic, endocrine, and targeted drugs were prescribed
to 12,652 (52.1%), 8375 (34.5%), and 3277 patients (13.5%),
respectively. In general, the duration of anti-neoplastic thera-
py was over 6 months (54.3%). Polypharmacy and excessive
polypharmacy were observed in 69.1% and 26.8% of the pa-
tients, respectively (Table 1).

Prevalence and factors associated with inappropriate
polypharmacy

Inappropriate polypharmacy was observed in 18,760 pa-
tients (85.4%) among those receiving anti-neoplastic ther-
apy. A total of 41,912 cases in 17,642 subjects (80.4%)
were prescribed at least one PIM independent of their
diagnosis or condition, and 11,634 patients (53.0%) were
prescribed two or more PIMs (Table 2). PIMs with strong
anticholinergic effects were prescribed to 59.4% of
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patients, with first-generation oral antihistamines being
the most commonly used anticholinergics (40.5%),
followed by antispasmodics (9.2%), antidepressants
(7.8%), and skeletal muscle relaxants (1.7%). The second
most commonly prescribed class of PIM was megestrol
(26.2%), followed by benzodiazepines (25.4%),
metoclopramide (19.8%), and zolpidem (13.2%)
(Supplementary Table 1).

A total of 3806 subjects (17.3%) experienced at least one
DDI based on the 2019 AGS Beers Criteria® (Table 2). DDIs
were mostly encountered when three or more CNS-active
drugs (8.3%), two or more strong anticholinergics (7.5%),
opioids with pregabalin or gabapentin (5.2%), opioids with
benzodiazepines (3.6%), and corticosteroids with NSAIDs
(1.4%) were used (Supplementary Table 2).

DDIs in anti-neoplastic therapy were observed in
37.9% of all patients (Table 2). The number of cases per
patient averaged 1.95. The most common oral anticancer
drug involved was anagrelide (16.1%), followed by gefi-
tinib (13.1%) and tamoxifen (9.9%). Among the drugs
that interacted with oral anticancer drugs, acid suppres-
sants including proton pump inhibitors (15.0%) and H,
receptor antagonist (13.5%) were the most common. The
most common injectable anticancer drugs showing inter-
action were doxorubicin (26.1%), followed by leuprorelin
(23.2%) and cisplatin (18.6%). Furosemide (19.2%) was
found to be the most prevalent drug interacting with in-
jectable anticancer drugs (Supplementary Table 3).

Multivariate logistic regression analysis showed that med-
ical aid and national meritorious service, CCI, certain cancer
diagnoses, duration of cancer treatment, type of predominate-
ly visited healthcare facilities, frequency of healthcare visits,
the number of prescribers, and the type of anti-neoplastic
agents used in therapy were some factors associated with in-
appropriate polypharmacy (Table 3). Patients with lymphoma
(adjusted odds ratio, aOR 3.53, 95% confidence interval (CI),
2.13-6.23), lung cancer (aOR 2.54, 95% CI 1.94-3.32), and
leukemia (aOR 1.62, 95% CI, 1.19-2.22) were more likely to
display inappropriate polypharmacy than those with prostate
cancer. Patients who were administered anti-neoplastic thera-
py using only endocrine agents (aOR 0.52, 95% CI 0.42—
0.64) or only targeted agents (aOR 0.69, 95% CI 0.57-0.84)
were less likely to show inappropriate polypharmacy. Patients
who received a combination of cytotoxic and endocrine or
targeted agents (aOR 2.75, 95% CI 2.19-3.50) were more
likely to show inappropriate polypharmacy than those who
were treated with cytotoxic agents only. Cancer treatment
for > 6 months increased the likelihood of inappropriate
polypharmacy 2.7 times (95% CI 2.43-3.01). Frequency of
healthcare visits more than 24 times and the involvement of 6
or more prescribers during the year were found to increase the
risk of inappropriate polypharmacy 1.56-fold (95% CI 1.40—
1.74) and 1.79-fold (95% CI 1.61-1.98), respectively.
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Table 1 Baseline characteristics of patients receiving anti-neoplastic therapy

Characteristics Cross-sectional study Nested case-control study

Entire cohort (N = 21,956) Case (N = 4055) Control (N = 13,963) p value
N (%) N (%) N (%)

Age, mean (+ SD), years 742 (£5.7) 743 (£5.9) 742 (£5.8) 0.264
65-74 years 12,174 (55.5) 2233 (55.1) 7768 (55.6) 0.741
75-84 years 8587 (39.1) 1590 (39.2) 5430 (38.9)
> 85 years 1195 (5.4) 232 (5.7) 765 (5.5)

Sex, male 13,750 (62.6) 2627 (64.8) 8623 (61.8) <0.001

Insurance type 0.024
Health insurance 19,603 (89.3) 3576 (88.2) 12,489 (89.4)

Medical aid and national meritorious service 2353 (10.7) 479 (11.8) 1474 (10.6)

Charlson Comorbidity Index score < 0.001
0-3 4970 (22.6) 411 (10.1) 3709 (26.6)

4-5 5162 (23.5) 757 (18.7) 3472 (24.9)
>6 11,824 (53.9) 2887 (71.2) 6782 (48.6)

Cancer diagnosis
Prostate cancer 5986 (27.3) 981 (24.2) 4015 (28.8) < 0.001
Breast cancer 3633 (16.5) 374 (9.2) 2718 (19.5) < 0.001
Colon cancer 3038 (13.8) 667 (16.4) 1814 (13.0) < 0.001
Lung cancer 2982 (13.6) 804 (19.8) 1568 (11.2) < 0.001
Gastric cancer 1593 (7.3) 355 (8.8) 914 (6.6) <0.001
Leukemia 974 (4.4) 253 (6.2) 544 (3.9) < 0.001
Lymphoma 695 (3.2) 171 (4.2) 393 (2.8) < 0.001
Renal cancer 366 (1.7) 87 (2.1) 198 (1.4) < 0.001

Type of anti-neoplastic agents
Cytotoxic agents 12,652 (52.1) 2832 (69.8) 7385 (52.9) <0.001
Endocrine agents 8375 (34.5) 1089 (26.9) 5975 (42.8) < 0.001
Targeted agents 3277 (13.5) 824 (20.3) 1880 (13.5) < 0.001

Formulation of anti-neoplastic agents
Oral 12,339 (56.2) 1940 (47.8) 8083 (57.9) < 0.001
Injection 14,694 (66.9) 2662 (65.7) 7721 (55.3) < 0.001

Duration of cancer treatment <0.001
< 30 days 0 (0) 0 (0) 0 (0)

30-89 days 5534 (25.2) 574 (14.2) 3135 (22.5)
90-179 days 4489 (20.5) 946 (23.3) 2757 (19.7)
> 180 days 11,933 (54.3) 2535 (62.5) 8071 (57.8)

Number of chronic medications < 0.001
<5 6786 (30.9) 1485 (36.6) 6531 (46.8)

5-9 9285 (42.3) 1577 (38.9) 5023 (36.0)
>10 5885 (26.8) 993 (24.5) 2409 (17.3)

Impact of inappropriate polypharmacy on emergency
department visit

Among the 21,956 patients who were prescribed an anticancer
drug during the year 2016, 4055 patients (18.5%) who visited
the ED after May 1 during anti-neoplastic therapy were iden-
tified as study subjects. After performing 1:4 matching with
the cohort entry date, 13,963 patients were selected as con-
trols. Age distribution did not significantly differ between case

and control cohorts; however, the case cohort included more
male patients with a higher CCI score (6 or greater) than the
control cohort. As expected, the major baseline characteristics
including cancer diagnosis, type of chemotherapeutic drugs,
and treatment duration differed significantly between the case
and control cohorts (Table 1). After adjusting for confounding
factors, it was observed that inappropriate polypharmacy in-
creased the likelihood of ED visits during anti-neoplastic ther-
apy (aOR 2.15, 95% CI 1.97-2.35). Additionally, the use of
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Table 2 Prevalence of inappropriate polypharmacy consists of
potentially inappropriate medications and drug-drug interactions in older
adults receiving anti-neoplastic therapy (N = 21,956)

Variables Number of patients (%)
Inappropriate polypharmacy 18,760 (85.4)
Potentially inappropriate medications 17,642 (80.4)
1 6008 (27.4)
2 4927 (22.4)
>3 6707 (30.5)
Geriatric drug-drug interactions 3806 (17.3)
1 2357 (10.7)
2 917 (4.2)
>3 532 (2.4)
Chemotherapeutic drug-drug interactions 8312 (37.9)
1 4770 (21.7)
>2 3542 (16.1)
Oral anticancer drug 2974 (13.5)
Injectable anticancer drug 5636 (25.7)

two or more PIMs (aOR 1.85, 95% CI 1.68-2.02), one or
more geriatric DDIs (aOR 1.61, 95% CI 1.43-1.80), and
two or more chemotherapeutic DDIs (aOR 2.88, 95% CI
2.54-3.28) increased the likelihood of visiting the ED during
anti-neoplastic therapy (Table 4). Post hoc analysis showed
that higher correlations with inappropriate polypharmacy,
PIMs, and geriatric DDIs in patients who visited the ED more
than once than in those who visited the ED only once
(Supplementary Table 4).

Discussion

We demonstrated a high prevalence of inappropriate
polypharmacy (85.4%) arising from the use of PIMs and
DDIs and showed their strong association with ED visits in
older patients receiving anti-neoplastic therapy.

During anti-neoplastic therapy, 80.4% of patients were pre-
scribed more than one PIM, while 53% were prescribed more
than two PIMs. The prevalence observed in this study was
relatively higher than that noted in previous studies.
Previous systematic reviews show that the prevalence of the
use of PIMs ranges from 21.3% to 63.0% in the older patients
who reside in long-term care facilities [20] and 43.2% in those
who are residents of nursing homes [21]. Another study that
systematically reviewed the prevalence of PIM in older pa-
tients with cancer reports a prevalence of 19.0-52.0% [15].
This discrepancy could be explained by the difference in pop-
ulation, criteria used for assessing PIMs, clinical setting, and
sources of databases used for analyses. We used the updated
2019 AGS Beers Criteria®, which could detect the use of more
PIMs than the prior version. Since we used nationwide claims
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data, we captured every prescription from every healthcare
facility that showed a high prevalence of PIMs compared with
previous studies, most of which were conducted in a single
center or in patients with specific cancer [11, 22, 23].

The 2019 AGS Beers Criteria® include megestrol due to its
minimal effect on weight despite an increased risk of death
[24], and metoclopramide and first-generation antihistamines,
which can have extrapyramidal and anticholinergic adverse
effects, respectively, in frail older adults. However, these med-
ications are commonly used to promote appetite, manage
breakthrough chemotherapy-induced nausea/vomiting, and
to prevent or treat the allergic side effects of chemotherapy
in patients receiving anti-neoplastic therapy. The prevalence
of inappropriate polypharmacy was 58.3% after excluding
these three categories. As the AGS Beers Criteria® have been
developed for the older population, special consideration is
needed to define and determine PIMs for adult patients with
cancer.

We analyzed the DDIs in two directions: geriatric DDI
and chemotherapeutic DDI. Among the DDIs presented in
the 2019 AGS Beers Criteria®, three or more CNS-active
drugs showed the highest usage in 8.3% and 7.5% of the
patients using two or more anticholinergic agents, respec-
tively, which increased the risk of falls and fractures, cog-
nitive decline, and other anticholinergic adverse effects [25,
26]. This was followed by drug interactions involving opi-
oids. Although DDIs in the geriatric population have not
been elucidated in previous studies, the high prevalence of
DDIs involving CNS-active drugs was also observed in a
previous study [9].

Clinically significant chemotherapeutic DDIs were detect-
ed in 37.9% of patients, which were in agreement with the
results from previous studies [7, 12]. Similar to a previous
study [10], tyrosine kinase inhibitors such as gefitinib or erlo-
tinib combined with acid suppressants comprised most DDIs
involving oral anticancer drugs. Among injectable anticancer
drugs, doxorubicin was most frequently involved in DDIs.
This is because doxorubicin is a substrate of CYP2D6,
CYP3A4, and P-glycoprotein; hence, it has many interactions
with other drugs that are substrates of these enzymes. It should
be noted that this interaction might increase the toxicity of the
anticancer agent.

The multivariate logistic regression analysis showed that
the presence of inappropriate polypharmacy was likely to in-
crease in patients with high comorbidity, frequent visits of
healthcare, and multi-prescribers, and was in accord with pre-
dictors identified in the general population [27]. In addition,
adult patients with lymphoma, leukemia, and lung cancer had
a higher likelihood of inappropriate polypharmacy than those
without. This might be partly explained due to the prevalent
use of doxorubicin and tyrosine kinase inhibitors, which
showed a high potential of DDIs in lymphoma or leukemia
and lung cancer, respectively.
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Table 3 Multivariate analysis of
factors associated with
inappropriate polypharmacy in
older adults receiving anti-
neoplastic therapy (N = 21,956)

In this current study, inappropriate polypharmacy and its
subtype of PIMs and DDIs were shown to increase the risk of
ED visits during anti-neoplastic therapy. Older patients with
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Factor Odds ratio (95% CI) p value
Age

65-74 years 1

75-84 years 1.04 (0.95-1.13) 0.431

> 85 years 0.86 (0.72-1.01) 0.069
Sex

Female 1

Male 0.95 (0.85-1.06) 0.339
Insurance

Health insurance 1

Medical aid and National meritorious service 1.34 (1.16-1.55) < 0.001
Charlson comorbidity index

<4 1

4-5 1.72 (1.55-1.91) < 0.001

>6 2.72 (2.47-3.00) < 0.001
Cancer diagnosis

Prostate cancer 1

Breast cancer 0.68 (0.61-0.77) <0.001

Colon cancer 0.82 (0.64-1.04) 0.104

Gastric cancer 0.67 (0.52-0.87) 0.002

Leukemia 1.62 (1.19-2.22) 0.003

Lung cancer 2.54 (1.94-3.32) <0.001

Lymphoma 3.53 (2.13-6.23) < 0.001

Renal cancer 1.08 (0.69-1.73) 0.739

Others 1.02 (0.82-1.27) 0.847
Type of anti-neoplastic agents

Cytotoxic agents only 1

Endocrine agents only 0.52 (0.42-0.64) < 0.001

Targeted agents only 0.69 (0.57-0.84) 0.001

Mixed anti-neoplastic therapy 2.75 (2.19-3.50) < 0.001
Duration of cancer treatment

30-89 days 1

90-179 days 1.59 (1.42-1.79) < 0.001

> 180 days 2.70 (2.43-3.01) < 0.001
Type of predominately visited healthcare facilities

Primary care clinic 1

Small hospital 0.95 (0.77-1.17) 0.598

General hospital 0.89 (0.80—1.00) 0.049

Tertiary teaching hospital 0.83 (0.75-0.92) < 0.001
Frequency of healthcare visits during 1 year

<24 1

>24 1.56 (1.40-1.74) <0.001
Number of prescribers during 1 year

<6 1

>6 1.79 (1.61-1.98) <0.001

inappropriate polypharmacy displayed a 2.15-fold higher risk
of ED visits during anti-neoplastic therapy than those without,
after adjusting for confounding factors. The association of
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Table 4 The association of

inappropriate polypharmacy and Number of patients Unadjusted OR (95% CI) Adjusted OR" (95% CI)
its subtypes with emergency
department visits in older adults Total Case Control
receiving anti-neoplastic therapy
(N =18,018) Inappropriate polypharmacy
0 6914 844 6070 1 1
>1 11,104 3211 7893 2.93 (2.69-3.18) 2.15 (1.97-2.35)
Use of potentially inappropriate medications
0 8245 1273 6972 1 1
1 4930 1188 3742 1.74 (1.59-1.90) 1.48 (1.34-1.62)
>2 4843 1594 3249 2.69 (2.47-2.92) 1.85 (1.68-2.02)
Geriatric drug-drug interactions
0 16,257 3469 12,794 1 1
>1 1761 592 1169 1.87 (1.63-2.08) 1.61 (1.43-1.80)
Chemotherapeutic drug-drug interactions
0 14,187 2574 11,613 1 1
1 2435 850 1585 2.42 (2.20-2.66) 1.97 (1.78-2.19)
>2 1396 631 765 3.72 (3.32-4.17) 2.88 (2.54-3.28)
Number of chronic medications
04 8016 1485 6531 1 1
59 6600 1577 5023 1.38 (1.28-1.50) 1.32 (1.21-1.44)
>10 3402 993 2409 1.81 (1.65-1.99) 1.53 (1.38-1.70)

*Adjusted for age, sex, cancer diagnosis, prior ED visits, the Charlson Comorbidity Index, and type of anti-

neoplastic therapy

inappropriate polypharmacy with ED visits was stronger than
that of excessive polypharmacy defined by the number of
chronic medications. The impact of PIMs on clinical out-
comes in cancer patients appears to be controversial. In a
systematic review studying adverse outcomes (postoperative
delirium, length of hospital stay, 30-day postoperative mortal-
ity, treatment delay, dose reductions, grade 3—4 toxicity, sur-
vival) in the older patients with cancer [15], the association of
PIMs with adverse outcomes was investigated in three studies
and only one study reported the association of PIMs with ED
visits as one of the outcomes [22]. However, a time-to-event
analysis fails to show the association of PIM with ED hospi-
talization and death in patients with breast and colorectal can-
cer [22].

In a previous study evaluating 301 older Korean patients
receiving first-line palliative anti-neoplastic therapy [12],
polypharmacy (5 or more medications), but not the use of
PIMs, was associated with a higher risk of hospitalization or
increased frequency of ED visits during the anti-neoplastic
therapy period.

This current study revealed that older patients experiencing
two or more DDIs resulting from anti-neoplastic therapy had a
2.88-fold higher risk of ED visits during anti-neoplastic ther-
apy (95% CI 2.54-3.28). These findings might suggest that
the negative effects of DDIs, including those induced by che-
motherapeutic agents, could be more severe because of the
narrow therapeutic index of these chemotherapeutic agents.

@ Springer

Moreover, the increased toxicity or loss of efficacy of these
agents was a critical factor in cancer treatment. We believe
that this is the first report that shows the significant association
of potential chemotherapeutic DDI with ED visits in a nation-
wide cohort.

In addition, we identified a greater association between the
use of inappropriate polypharmacy, PIMs and geriatric DDIs,
and multiple ED visits than with a one-time ED visit; howev-
er, chemotherapeutic DDIs and the number of chronic medi-
cations did not show a greater association with multiple ED
visits. Although it was difficult to explain these results, the
clinician’s limited awareness of inappropriate medication use
in older patients with cancer could contribute to this associa-
tion pattern [28]. Hence, the efforts to prevent the use of in-
appropriate medications are needed in older patients receiving
anti-neoplastic therapy.

This study has a few limitations. First, due to the nature of
the claims data, we could not include drugs that were not listed
in the reimbursement formulary and drugs that were available
without a prescription, such as first-generation antihistamines
used in common cold. Second, the cases in which physicians
may have advised the patients to take medications “as need-
ed,” could not be confirmed in this study; this may have con-
tributed to an overestimation of prevalence. Third, we includ-
ed only PIMs and DDIs for inappropriate polypharmacy.
PIMs for patients with a specific disease or condition and
those that need to be used with caution, dose effect,



Support Care Cancer (2021) 29:3025-3034

3033

therapeutic class duplication, or unindicated medications
could not be analyzed in this report. Additionally, as men-
tioned above, the most explicit criteria for PIMs were intended
for the general older population and validated explicit criteria
for PIMs in patients with cancer have not been developed.
Fourth, we could not resolve the reason for ED visits and
therefore, it was not possible to analyze whether the reason
for the ED visits was directly due to inappropriate
polypharmacy or not. Lastly, we could not consider factors
that were not available in claims data for confounding factors.
Despite these limitations, to our knowledge, this is the first
population-based study that shows a high prevalence of inap-
propriate polypharmacy including the use of PIMs and DDIs
and its association with adverse outcomes and ED visits in
older patients receiving anti-neoplastic therapy. Based on
these findings, a systematic approach for deprescribing med-
ications using methods including sharing the medication his-
tory among healthcare professionals, routine medication re-
view by clinical pharmacists, and the development and imple-
mentation of computer-based warning systems is essential.
This would guide clinicians in accurately prescribing drugs
for the geriatric population receiving anti-neoplastic therapy
and help reduce the cases of inappropriate polypharmacy.

Conclusions

In this study, we showed that inappropriate polypharmacy was
prevalent in older patients receiving anti-neoplastic therapy
and significantly increased the risk of ED visits. Our study
findings suggested a need to implement deprescribing strate-
gies in the geriatric population.
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