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Abstract
Purpose Polypharmacy is often defined as use of ‘five-ormore-medications’. However, the optimal polypharmacy cutpoint for predicting clinically important adverse events in
older people with cancer is unclear. The aim was to determine
the sensitivities and specificities of a range of polypharmacy
cut-points in relation to a variety of adverse events in older
people with cancer.
Methods Data on medication use, falls and frailty criteria were
collected from 385 patients aged ≥70 years presenting to a
medical oncology outpatient clinic. Receiver operating characteristic (ROC) curves were produced to examine sensitivities and specificities for varying definitions of polypharmacy
in relation to exhaustion, falls, physical function, Karnofsky
Performance Scale (KPS) and frailty. Sub-analyses were
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performed when stratifying by age, sex, comorbidity status
and analgesic use.
Results Patients had a mean age of 76.7 years. Using
Youden’s index, the optimal polypharmacy cut-point was 6.5
medications for predicting frailty (specificity 67.0 %, sensitivity 70.0 %), physical function (80.2 %, 49.3 %) and KPS
(69.8 %, 52.1 %), 5.5 for falls (59.2 %, 73.0 %) and 3.5 for
exhaustion (43.4 %, 74.5 %). For polypharmacy defined as
five-or-more-medications, the specificities and sensitivities
were frailty (44.9 %, 77.5 %), physical function (58.0 %,
69.7 %), KPS (47.7 %, 69.4 %), falls (44.5 %, 75.7 %) and
exhaustion (52.6 %, 64.1 %). The optimal polypharmacy cutpoints were similar when the sample was stratified by age, sex,
comorbidity status and analgesic use.
Conclusions Our results suggest that no single polypharmacy
cut-point is optimal for predicting multiple adverse events in
older people with cancer. In this population, the common definition of five-or-more-medications is reasonable for identifying ‘at-risk’ patients for medication review.
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Background
Polypharmacy in older people has been associated with adverse
events including falls [1], hospital admission [2], and mortality
[3]. The limited research investigating polypharmacy in older
people with cancer has shown polypharmacy is associated with
increased falls [4], increased frailty [5], reduced efficacy of certain chemotherapies [6], drug interactions [7] and adverse drug
events (ADEs) [6]. However, there is no single accepted definition for polypharmacy. Polypharmacy has been defined as taking
more medications than are clinically indicated [8]. However,
most studies use a cut-point to define polypharmacy. The most
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common cut-point is the concomitant use of ‘five-or-more-medications’ [8]. However, definitions vary and have included more
than two [9], three [10], four [1], five [8], seven [11] or nine
medications [12]. More recently, the term ‘hyperpolypharmacy’
has been used to describe the use of ten or more medications
[13]. The suitability of a cut-point for identifying patients at risk
of adverse events may depend on the clinical and medication use
characteristics of the population. The optimal polypharmacy cutpoint for predicting clinically important adverse events in older
people with cancer is unclear.
There are important reasons to investigate if optimal
polypharmacy cut-points are associated with important adverse
events. Firstly, polypharmacy is increasingly being used to identify patients in need services such as medication review. The
number of medications a patient takes is used as a referral trigger
for medication review in the USA [12] and Australia [14] and
has been recommended for older people with cancer [15].
Identifying an optimal polypharmacy cut-point may assist clinicians and policy makers to target services to patients most likely
to benefit. Secondly, in pharmacoepidemiology, the number of
medications taken by study participants is often categorized
without strong evidence to inform this categorization. Finally,
identifying an optimal polypharmacy cut-point would help develop consensus terminology. This would improve comparability of research conducted in different countries and settings.
Both multimorbidity and polypharmacy increase with age
[16]. In clinical settings, it may be difficult to separate whether
multimorbidity or polypharmacy is associated with adverse
events. Our previous work demonstrated that polypharmacy
(defined as ≥5 medications) was associated with a fourfold
increased risk of frailty, even after adjusting for comorbidity
[5]. We used the standard cut-point of five-or-moremedications to define polypharmacy. It is not clear whether
other polypharmacy cut-points have better sensitivities or
specificities for predicting clinically important adverse events.
This is important to know because older people with cancer
may be at increased risk of harm from polypharmacy. This is
due to potential drug-drug interactions between medications
(prescription, non-prescription, or complementary and
alternative medications) and chemotherapy and supportive
treatments [6, 7, 17]. Furthermore, older people with cancer
may be more susceptible to adverse events due to the higher
prevalence of geriatric syndromes [18].
Receiver operating characteristic (ROC) curves have been
used to determine the optimal cut-point for polypharmacy in
relation to falls among community-dwelling older people in
Tokyo (≥4.5 medications) [19] and in relation to falls (≥4.5),
mortality (≥4.5), disability (≥5.5) and frailty (≥6.5) among
older Australian men [8]. However, it is not clear whether
these findings are applicable to older people with cancer.
The objective of this study was to determine the sensitivities
and specificities of a range polypharmacy cut-points in relation
to a range of adverse events in older people with cancer.

Methods
Participants and setting
The Royal Adelaide Hospital (RAH) is a 650-bed tertiary
referral hospital located in metropolitan Adelaide, South
Australia. The medical oncology department at the RAH referred all patients aged ≥70 years to the geriatric oncology
outpatient multidisciplinary clinic. This study includes all patients who presented between January 2009 and July 2010 [5].
Data collection
Prior to attending the geriatric oncology outpatient multidisciplinary clinic, patients were mailed a five-page structured
data collection instrument based on the principles of comprehensive geriatric assessment. The data collection instrument
was completed by the patient with or without assistance from
their carer/family member. At the initial appointment, any
sections of the data collection instrument which were incomplete were completed in conjunction with a nurse. Patients
were then assessed by the geriatric oncology multidisciplinary
team consisting of a geriatrician, medical oncologist, geriatric
oncology nurse, social worker, dietitian, pharmacist, occupational therapist and palliative care nurse.
The data collection instrument captured information on
age, sex, diagnoses (used to calculate Charlson Comorbidity
Index [CCI] [20]), medications, falls (patient self-reported in
previous 6 months), weight loss (patient self-reported over
previous 6 months), exhaustion (using two questions from
the CES-D scale [21], as adapted by Fried [22]), physical
function (SF-36 physical function domains) [23], instrumental
activities of daily living (IADLs) [24] and Karnofsky
Performance Scale (KPS) [25].
Medication use
The data collection instrument asked patients to list their prescription and non-prescription medications, and separately list
their complementary and alternative medications (CAMs) to ensure a full medication history was obtained. Medication use was
assessed as the point prevalence at each patient’s initial appointment. At the initial appointment, a nurse with access to each
patient’s medical records confirmed the self-reported medication
list. Any additional medication not self-reported using the structured data collection instrument was added to the list. As these
data were collected during each patient’s first visit to the medical
oncology clinic, no patients were receiving chemotherapy.
All medications were coded as International Non-proprietary
Names (INN) and Anatomical Therapeutic Chemical (ATC)
codes recommended by the World Health Organization [26].
For each patient, the medication count included all medications
taken by the patient, including prescription, over-the-counter and
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CAMs. Medications used on a regular and as-needed basis were
included in the medication count.

Australia Human Research Ethics Committee and Monash
University Human Research Ethics Committee.

Measures and definitions
An adapted version of Fried’s frailty phenotype was used to
define frailty [5, 22, 27]. We assessed the same five criteria
that comprise Fried’s frailty phenotype using variables included in the structured data collection instrument. These five
criteria were weight loss of >5 % during the preceding
6 months, an exhaustion score ≥3, dependence in at least
one SF-36 physical function domain, dependence in at least
one IADL and KPS <70 %. Patients were considered frail if
they had four or five criteria of concern [5].
In addition to frailty, the exhaustion and KPS components
of the frailty score (i.e. an exhaustion score of ≥3 and KPS<
70 %) were analysed as separate adverse events [5].
Additional adverse events included two or more falls in the
past 6 months and a physical function score of ≥20.
Statistical analyses
For each adverse event, a ROC curve was derived to determine the sensitivities and specificities for the following
polypharmacy cut-points: ≥2, ≥5, ≥7 and ≥10 concomitant
medications. The optimal cut-point was calculated using
Youden’s index. Youden’s index was calculated as the sum of
the sensitivity and specificity minus one and was used to calculate the cut-point which provided the highest combination of
sensitivity and specificity [28]. The area under the curve (AUC)
was calculated for each ROC curve. The closer the AUC was to
one, the higher the sensitivity and specificity of the ROC curve
with an AUC of 0.5 indicating that the ROC curve was no
better than chance at predicting the event of interest [29].
Sub-analyses were performed when stratifying the sample
by age, sex, comorbidity status and analgesic use. For each
adverse event, ROC curves were generated for each of the
following sub-groups, age (70–79 or 80+) [30], sex (male,
female), CCI (0-2, 3+) and analgesic use. This comorbidity
stratification was performed because it has been associated with
reduced survival and reduced tolerance to chemotherapy [18,
31]. Youden’s index was calculated for each sub-group, and the
AUCs were assessed for statistical differences (Table 3). The
bootstrap 95 % confidence intervals (95%CI) were derived for
each sub-group ROC curve before being overlaid on the same
figure to facilitate comparison (Fig. 2). Analysis was performed
using the Statistical Package for the Social Sciences (SPSS,
Chicago, IL) Version 21 and R [32, 33].

Results
Between January 2009 and July 2010, a total of 413 patients
aged ≥70 years presented to the medical oncology outpatient
clinic. Complete data collection instruments were available for
385 patients.
The average age of patients was 76.7 years (standard deviation [SD] 4.8 years, range 70–92) with 59 % being male. The
most prevalent cancer diagnoses were gastrointestinal (26.2 %,
n=101), lung (23.6 %, n=91), breast (10.6 %, n=41), prostate
(6.0 %, n=23) and hematological malignancies (4.4 %, n=17).
The most prevalent comorbidities were hypertension (58.4 %,
n=225), hypercholesterolemia (32.5 %, n=125), arthritis
(29.4 %, n=113), diabetes (25.5 %, n=98), airways diseases
(24.6 %, n=95), gastrointestinal disorders (22.0 %, n=80) and
coronary artery disease (16.9 %, n=65) (Table 1).
The average number of medications was 5.7 (SD 3.7, range
zero to 20). The most prevalent medication classes were agents
acting on the renin-angiotensin system (40.7 %, n=181), antithrombotic agents (37.9 %, n=146), lipid modifying agents
(37.4 %, n =144), medications for acid-related disorders
(35.6 %, n=137) and analgesics (32.2 %, n=124). Overall,
95.6 % (n=368) of patients reported taking medications (range
1–20, median 5), with 94.6 % (n=364) taking prescription or
Table 1 Characteristics of patients referred to the geriatric oncology
outpatient multidisciplinary clinic
All patients (n=385), % (n)
Agea
Sex (male)
Number of medicationsa
Comorbidities
Hypertension
Hypercholesterolemia
Arthritis
Diabetes mellitus
Airways disease
Gastrointestinal disorders
Coronary artery disease
Clinical parameters
Exhaustion (≥3) (n=383)
Falls (≥2) (n=383)
Physical function (≥20) (n=376)

58.4 (225)
32.5 (125)
29.4 (113)
25.5 (98)
24.6 (95)
22.0 (80)
16.9 (65)

KPS (<70) (n=379) (n=379)
Frail (n=385)

31.4 (121)
10.4 (40)

Ethical considerations
This study was approved by the Royal Adelaide Hospital
Human Research Ethics Committee, University of South

KPS Karnofsky Performance Scale
a

Mean (SD, range)

76.7 (4.8, 70–92)
59.0 (227)
5.7 (3.7, 0–20)

60.3 (231)
9.7 (37)
56.6 (211)
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non-prescription medications (range 1–17, median 5) and
31.4 % (n=121) taking CAMs (range 1–6, median 1).
The ROC curves for individual adverse events are shown in
Fig. 1. Each curve displays the AUC and the sensitivities and
specificities for the pre-specified and optimal cut-points. The sensitivities and specificities are also shown in Table 2. The optimal
cut-points for exhaustion and falls were 3.5 (specificity 43.4 %,
sensitivity 74.5 %, AUC 61.7 %) and 5.5 (59.2 %, 73 %, 66.2 %),
respectively. Use of ≥6.5 medications gave the highest Youden’s
index for frailty (67.0 %, 70.0 %, 71.1 %), impaired physical
function (80.2 %, 50.2 %, 70.0 %) and reduced KPS (69.8 %,
52.1 %, 64.8 %). For polypharmacy defined as five-or-moremedications, the specificity and sensitivity were frailty (44.9 %,
77.5 %), physical function (58.0 %, 69.7 %), KPS (47.7 %,
69.4 %), falls (44.5 %, 75.7 %) and exhaustion (52.6 %, 64.1 %).
For all adverse events, low specificities and high sensitivities
were observed for ≥2 medications, and high specificities and low
sensitivities were observed for ≥10 medications (Table 2; Fig. 1).
For physical function, KPS and frailty, the cut-point of ≥7 medications yielded identical sensitivities and specificities to the optimal cut-point for these events (6.5 medications).
Stratification of ROC curves by age, sex, comorbidities or
analgesic use did not significantly modify the association between number of medications and adverse events. Sub-group
analysis produced varying optimal cut-points for each adverse
event, with the exception of the age and gender sub-groups for
frailty (Table 3). However, there were no cases where the
AUCs were statistically different, indicating that neither subgroup analysis had a better sensitivity and specificity profile.
This was further demonstrated by the overlapping of the
95%CIs for each sub-group analysis (Fig. 2).

Discussion
The main finding of this study was that no single
polypharmacy cut-point was optimal for predicting multiple
adverse events. Furthermore, the optimal cut-point for each
adverse event was not significantly different when stratifying
by age, sex, comorbidities or analgesic use. In this cohort, the
optimal polypharmacy cut-points ranged from 3.5 for exhaustion to 6.5 for impaired physical function, KPS and frailty.
Our main finding is supported by Gnjidic et al., who identified a range of polypharmacy cut-points (from 4.5 to 6.5
medications) for falls (4.5), mortality (4.5), disability (5.5)
and frailty (6.5) in a cohort of community-dwelling older
Australian men [8]. The optimal cut-point for frailty in the
present study (6.5 medications) was the same as in Gnjidic
et al. (sensitivity and specificity from Gnjidic et al.: 47.4 %,
83.6 %). Both Gnjidic et al. and Kojima et al. [19] identified
4.5 as the optimal cut-point for falls, while our study showed
that 5.5 medications had the highest sensitivity and specificity.
This may be because patients in our study were recently

diagnosed with cancer. A population-based cohort study identified that people newly diagnosed with cancer take increased
numbers of medications in the 6 months prior to diagnosis,
potentially reflecting an increase in medications used to treat
early signs and symptoms of cancer [34].
Both medication count and specific classes of medications
have been implicated with adverse events in older people, making it difficult to determine if adverse events are due to
polypharmacy or specific medications. Frailty has been associated with use of sedative and anticholinergic medications [13],
Beers Criteria medications [35] and analgesics [36]. In this
study, analgesics were among the most prevalent medications.
A sub-group analysis comparing patients who did and did not
use analgesics found no significant difference between the optimal polypharmacy cut-points. This is important because unlike sedatives, anticholinergics and Beers Criteria medications
which may be inappropriate in older people, analgesic use is
generally considered appropriate in older people with cancer.
The suitability of a cut-point for identifying patients at risk
of adverse events may potentially be influenced by clinical
factors including age, sex, specific medications or comorbidities. People with multiple comorbidities are likely to be taking multiple medications [37]. Furthermore, people with multiple comorbidities are more likely to be frail and have functional impairment (e.g. reduced physical function, increase in
falls or exhaustion). This can make it difficult to determine if
the functional impairments are attributable to patients’ comorbidities or polypharmacy [2]. This study demonstrated that the
optimal polypharmacy cut-points for each adverse event were
similar when the sample was stratified by age, sex, analgesic
use or comorbidities. This is supported by a recent study that
investigated the relationship between numbers of comorbidities and various definitions of polypharmacy [38]. Hospital
admissions were associated with most polypharmacy definitions regardless of the number of comorbidities.
Polypharmacy is currently used as a basis for referral for a
medication review service in oncology clinics [15]. While a
single optimal definition for polypharmacy was not identified,
the range of cut-points suggests that older people with cancer
taking five-or-more-medications may be at increased risk of
exhaustion, falls, reduced physical function, lower KPS or
frailty. This suggests that older people with cancer who take
multiple medications should have their medications reviewed.
This is supported by Yeoh et al., who investigated a medication therapy management service in older people with cancer
[39]. They identified >90 % of patients who took at least one
chronic medication experienced medication-related problems.
Furthermore, 52 % of older patients with metastatic cancer
experienced ADEs from their preventative medications [40].
Medication reviews can identify people at risk from potentially inappropriate medications (PIMs). Polypharmacy in older
people with cancer has been associated with PIMs [35]. There
are a number of explicit and implicit approaches that can be
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Table 2 Sensitivity and
specificity for various
polypharmacy cut-points and
Youden’s index

Sensitivity and specificity for various polypharmacy cut-points
≥2 Meds

≥5 Meds

≥7 Meds

≥10 Meds

Youden’s index

Sensitivity

90.9 %

64.1 %

44.2 %

18.2 %

74.5 %

Specificity
Falls (≥2)

15.8 %

52.6 %

73.7 %

88.8 %

43.4 %
5.5 Meds

Sensitivity

97.3 %

75.7 %

64.9 %

24.3 %

73.0 %

Specificity
12.7 %
Physical function (≥20)

44.5 %

66.2 %

85.5 %

59.2 %
6.5 Meds

93.8 %
18.5 %

69.7 %
58.0 %

50.2 %
80.2 %

23.2 %
95.1 %

50.2 %
80.2 %

Sensitivity
Specificity

96.7 %
15.1 %

69.4 %
47.7 %

52.1 %
69.8 %

24.0 %
88.8 %

52.1 %
69.8 %

Frailty
Sensitivity

95.0 %

77.5 %

70.0 %

37.5 %

6.5 Meds
70.0 %

Specificity

12.5 %

44.9 %

67.0 %

87.2 %

67.0 %

Exhaustion (≥3)

Sensitivity
Specificity

3.5 Meds

KPS (<70)

6.5 Meds

Number of medications (specificity, sensitivity). For each ROC curve (adverse event), the square indicates the
optimal cut-point, while the triangles represents the cut-points for 2, 5, 7, 10 medications. For physical function,
KPS and frailty, the sensitivities and specificities for ≥7 medication were the same as Youden’s index
KPS Karnofsky Performance Scale

used to identify PIMs, including Beers Criteria [41], Sedative
Load Model [42], STOPP/START [43] and the Medication
Appropriateness Index [44]. Identifying medications that are
potentially inappropriate is the first step in reducing or
‘deprescribing’ medications. Patients with polypharmacy may
be willing to reduce their medications in conjunction with their
physician [45]. However, in end-of-life situations, medication
discontinuation is best undertaken cautiously to alleviate potential fears that health care providers have given up hope [46].
ROC curves generate a population average model, producing a simple screening tool applicable at a population level. The
benefit of a simple screening tool is its ability to facilitate efficient and timely identification of patients who may be at risk of
adverse events. The utility of any screening tool is reliant on its
ability to have high sensitivity (ability to correctly identify a
true positive) and high specificity (ability to correctly identify a
true negative). Table 2 shows that the sensitivity for identifying
patients with a clinically important adverse event is high when
polypharmacy is defined as ≥2 medications; however, the corresponding specificity is low. As the definition of
polypharmacy changes to include more medications, sensitivity
decreases while specificity increases. Youden’s index was used
to find the point on the ROC curve with the highest combination of sensitivity and specificity [28]. This is important because it allows for limited resources to be used judiciously.
Considering the range of adverse events analysed, the choice
of cut-point needs to reflect the desired sensitivity or specificity.
The sensitivities and specificities of the common definition

five-or-more-medications ranged from 50.2 to 74.5 and 43.4
to 80.2 %, respectively.
Strengths and limitations
The study participants were a consecutive group of wellcharacterized older people newly diagnosed with cancer.
Multiple polypharmacy definitions were assessed against a range
of clinically important adverse events. The analysis included all
patients regardless of their comorbid conditions. The results,
therefore, are potentially applicable to a wide range of patients.
Stratification of the ROC curves was undertaken to assess
whether age, sex, specific medications or comorbidity modified
the association between number of medications and adverse
events. We believe that stratifying the ROC curve analysis
was superior to using an adjusted ROC curve. This was because it allowed for easy clinical application of the results for
each sub-population without the need for statistical software.
Self-reported medication and clinical data were verified at
each patient’s initial consultation. There was a 79 % concordance between patient self-reported medications and a clinical
pharmacist’s medication history for prescription medications
[47]. This level of concordance is comparable to medication
histories routinely used in hospital wards [48]. Medication use
was clearly defined with the data collection instrument requiring respondents to report prescription and non-prescription
medication, and CAMs separately. This was important because the contribution of CAMs to polypharmacy is widely
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Table 3 Sensitivity, specificity
and AUC for Youden’s index
optimal cut-points stratified by
age, sex, CCI and analgesic use

Optimal cut-points for adverse events once stratified
Youden’s index

Sensitivity

Specificity

AUC

P value

Age 70–79
Age 80+

4.5
5.5

67.9 %
47.0 %

52.2 %
69.2 %

62.6 %
59.8 %

0.681

Male
Female

3.5
5.5

75.2 %
55.1 %

46.2 %
59.3 %

62.8 %
59.9 %

0.638

3.5
6.5
6.5
3.5

67.4
60.9
32.1
92.0

50.5
53.7
82.2
17.4

61.5
57.4
55.7
49.6

0.670

Age 70–79
Age 80+

5.5
6.5

79.2 %
61.5 %

58.4 %
69.2 %

70.2 %
59.0 %

0.299

Male
Female
CCI 0–2
CCI 3+

5.5
8.5
6.5
5.5

78.9
50.0
52.4
93.8

63.3
77.7
74.9
41.4

71.1
59.7
62.9
65.1

%
%
%
%

0.227

6.5
8.5

58.8 %
65.0 %

77.7 %
60.6 %

62.3 %
60.1 %

0.832

4.5
6.5
6.5
8.5
3.5
8.5
6.5
8.5

73.3
49.2
50.4
34.7
72.7
41.0
37.2
53.3

%
%
%
%
%
%
%
%

57.4
85.0
83.2
90.9
53.3
92.5
87.2
82.8

%
%
%
%
%
%
%
%

70.0
70.0
71.6
66.6
67.5
71.4
64.2
68.8

%
%
%
%
%
%
%
%

0.994

6.5
7.5
6.5
7.5
5.5
8.5
6.5
8.5

57.0
40.5
50.0
44.1
48.5
43.6
38.3
49.2

%
%
%
%
%
%
%
%

69.4
79.0
71.4
77.3
70.6
80.3
78.7
62.3

%
%
%
%
%
%
%
%

67.9
59.3
67.2
61.1
63.7
61.2
60.2
57.2

%
%
%
%
%
%
%
%

6.5
6.5
6.5
6.5
6.5
8.5
6.5
8.5

70.4
69.2
71.4
68.4
59.1
61.1
56.3
70.8

%
%
%
%
%
%
%
%

65.5
71.0
69.4
63.3
75.6
75.7
77.1
63.0

%
%
%
%
%
%
%
%

69.8 %
75.2 %
74.3 %
67.7 %
71.6 %
68.7 %
62.69 %
66.7 %

Exhaustion (≥3)

CCI 0–2
CCI 3+
Analgesic use: no
Analgesic use: yes
Falls (≥2)

Analgesic use: no
Analgesic use: yes
Physical function (≥20)
Age 70–79
Age 80+
Male
Female
CCI 0–2
CCI 3+
Analgesic use: no
Analgesic use: yes
KPS (<70)
Age 70–79
Age 80+
Male
Female
CCI 0–2
CCI 3+
Analgesic use: no
Analgesic use: yes
Frailty
Age 70–79
Age 80+
Male
Female
CCI 0–2
CCI 3+
Analgesic use: no
Analgesic use: yes

%
%
%
%

%
%
%
%

%
%
%
%

%
%
%
%

%
%
%
%

0.423

0.536

0.364
0.725
0.460

0.198
0.319
0.912
0.656

0.544
.0478
0.829
0.709

AUC area under the curve, CCI Charlson Comorbidity Index, KPS Karnofsky Performance Scale

under-appreciated [49]. Clinicians may not have attributed the
adverse events we investigated to polypharmacy, and therefore, assessing causality using the Naranjo scale at the time of
data collection may not have been possible. It was beyond the
scope of our research to investigate the clinical

appropriateness of polypharmacy for specific patients. The
research was conducted at one medical oncology multidisciplinary outpatient clinic. It is not clear to what extent the
findings are generalizable to other patients and settings. Data
for this study were collected at baseline, prior to starting
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systemic therapy. We did not investigate the effects of
polypharmacy for patients receiving active treatment.
Inappropriate prescribing defined as under-prescribing of
beneficial medications may not be identified by limiting reviews to patients with multiple medications [50]. However,
polypharmacy is associated with under-prescribing, and therefore, medication reviews triggered by polypharmacy may identify people who would benefit from additional therapy [51].

Conclusion
Our results suggest that no single polypharmacy cut-point is
optimal for predicting multiple adverse events in older people
with cancer. Furthermore, the associations between number of
medications and adverse events were not significantly different
when stratifying by age, sex, comorbidities or analgesic use. It
is reasonable to use the common polypharmacy definition of
five-or-more-medications as a prompt for referral for comprehensive medication reviews in older people with cancer.
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