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Abstract

Polypharmacy is a highly prevalent problem in older persons, and is challenging to assess and 

improve due to variations in definitions of the problem and the heterogeneous methods of 

medication review and reduction. The purpose of this review is to summarize evidence regarding 

the prevalence and impact of polypharmacy in geriatric oncology patients and to provide 

recommendations for assessment and management. Polypharmacy has somewhat variably been 

incorporated into geriatric assessment studies in geriatric oncology, and polypharmacy has not 

been consistently evaluated as a predictor of negative outcomes in patients with cancer. Once 

screened, interventions for polypharmacy are even more uncertain. There is a great need to create 

standardized interventions to improve polypharmacy in geriatrics, and particularly in geriatric 

oncology. The process of deprescribing is aimed at reducing medications for which real or 

potential harm outweighs benefit, and there are numerous methods to determine which 
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medications are candidates for deprescribing. However, deprescribing approaches have not been 

evaluated in older patients with cancer. Ultimately, methods to identify polypharmacy will need to 

be clearly defined and validated, and interventions to improve medication use will need to be 

based on clearly defined and standardized methods.
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INTRODUCTION

Polypharmacy is often described as a prescribing challenge, particularly in the care of older 

patients with cancer and multiple comorbid conditions that interact in complex ways. There 

are various definitions of polypharmacy, making it challenging to understand the scope and 

impact of the problem. A 2008 review suggested that there are 24 distinct definitions of 

polypharmacy in general use, encompassing concepts ranging from unnecessary or 

inappropriate medication use to the use of excessive numbers of medications.1 The lack of a 

consistent definition and understanding of polypharmacy creates confusion for clinicians, 

educators, and researchers.2

While the use of many medications may be a good practice for the treatment of many 

chronic conditions, polypharmacy in the context of care of the older patient generally refers 

to inappropriate polypharmacy, focusing on the negative aspects of medication use. Taking 

an increasing number of medications, using medications that are not indicated for existing 

medical conditions, being exposed to drug-drug interactions, and taking medications that are 

high risk and/or low benefit (so-called inappropriate medications) are all potential negative 

aspects of polypharmacy.3 Among the other negative effects of polypharmacy are increased 

risk of adverse drug reactions, functional decline and falls, delirium and cognitive 

impairment, and in some studies, increased risk of hospitalization, healthcare utilization, and 

mortality, and even underprescribing.4-7 The more medications a patient is taking, the more 

likely a patient is to have an adverse drug event, experience a drug-drug interaction, to take a 

potentially inappropriate medication, or to be nonadherent to one of the medications.8 

However, as demonstrated in recent cohort studies of middle-aged and older adults, 

polypharmacy may not always be inappropriate or indicative of poor quality care, 

particularly in chronic conditions in which multiple medications are required to maintain 

stable disease control, such as cardiovascular disease.9, 10

The simplest and most conventional definitions for polypharmacy are those based on the 

number of medications a patient is taking. When assessing for polypharmacy, a review must 

include an assessment of non-prescribed medications as well as herbal medicines and 

supplements. The use of 5 or more medications regularly has been a frequently used 

definition for polypharmacy. The advantage of such a definition is the replicability in 

research settings and ease of use in clinical practice when screening patients for 

polypharmacy.11 However, the disadvantage of applying such a definition in clinical settings 

is that simple medication number disregards the harmful or beneficial aspects of each 
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medication. Using an absolute number of medications to define polypharmacy does not 

account for a clinician's determination that polypharmacy may be appropriate in some 

instances, when making individualized prescribing decisions. This is particularly the case for 

patients with multimorbidity in whom multiple treatments have clear benefits. While some 

have defined “excessive polypharmacy” as a very high number of medications (such as 10 or 

more regular medications), this definition may have excellent specificity but inadequate 

sensitivity to apply as a screening tool for harmful medication use.12 Taking 5 or more 

regular medications has been associated with falls, disability, and frailty in general geriatric 

populations and in geriatric oncology, and thus has some justification as a reasonable cut-

point for polypharmacy based on the association with adverse outcomes in older 

patients.13, 14 For example, the sensitivity and specificity for 5 or more medications and the 

risk of falls is 75.7% and 44.5%, respectively; at a cut-point of 10 or more medications, the 

sensitivity is 24.3% and specificity is 85.5%.14

The use of medications and the presence of polypharmacy are on the rise in the general 

population. In the United States, 90% of adults 65 and older participating in the National 

Health and Nutrition Examination Survey in 2011-2012 reported taking at least one 

prescription in the prior 30 days, and 39% reported using 5 or more prescription drugs.15 

Based on population registry data from Tayside, Scotland, 22.1% of all persons used 5 or 

more drugs, and 24.0% of people 80 years and older were dispensed 10 or more drugs in 

2010.16 An additional contributor to polypharmacy is the use of complementary and 

alternative medicine, which is highly prevalent in many populations, including older patients 

with cancer. Such medications contribute to the overall pill burden, cost, nonadherence to 

conventional medications, and risk of drug-drug and drug-disease interactions.17

Older patients with cancer are potentially at a higher risk of polypharmacy. Geriatric 

oncology patients have a high burden of comorbidity, geriatric conditions, and disability, and 

are likely to use multiple medications and to be more susceptible to adverse effects of 

medications.18 Many may already meet the criteria for polypharmacy prior to the initiation 

of cancer chemotherapy and supportive care therapies. Cancer-related therapy also adds to 

the prevalence of polypharmacy because of the increased pill burden and regimen 

complexity, all of which can lead to compromised cancer management plans, such as 

treatment delays or premature treatment discontinuation due to toxicity or adverse drug 

events. Furthermore, in patients with advanced cancer near the end of life, as goals of care 

change to more palliative treatment, additional medications are added to control symptoms, 

while few medications for comorbid conditions are stopped.19 It is uncertain whether the 

geriatric oncology population is uniquely susceptible to polypharmacy, and whether specific 

interventions need to be designed for this population. The purpose of this narrative review is 

to summarize evidence regarding the prevalence and impact of polypharmacy and potentially 

inappropriate medicine use in geriatric oncology patients and to provide recommendations 

for assessment and management.

POLYPHARMACY AND OUTCOMES IN CANCER

Several studies have evaluated the prevalence of polypharmacy in older patients with cancer. 

Depending on the definition of polypharmacy, 11% to 96% of older patients with cancer 
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were exposed to polypharmacy.14, 20-26 Nightingale and colleagues found a prevalence of 

84% for polypharmacy, which includes 43% of patients who met criteria for excessive 

polypharmacy, or 10 or more medications.24 The mean number of medications was 9.23 and 

this was prior to anticancer therapy initiation for most of the patients in the cohort.24 Other 

studies have found that older patients with cancer take a median number of medications of 5 

to 9.1.14, 25 In advanced cancer, patients take more medications, likely because additional 

drugs are added for supportive care.27 In one chart review of 100 patients with advanced 

cancer, 95% had polypharmacy in the week before death.28 In oncology settings, the 

presence of polypharmacy has been associated with higher numbers of comorbidities, 

increased use of inappropriate medications, worse performance status, frailty syndrome, 

poor physical function and poor survival.24, 29, 30

Several studies in geriatric oncology that have looked at multiple risk factors for adverse 

outcomes have identified the effect of polypharmacy (Table 1). As defined by medication 

number, polypharmacy has been associated with postoperative complications and length of 

stay.31, 32 Increased medication number has also been associated with chemotoxicity in 

some studies, but not consistently.33, 34 Polypharmacy was not associated with treatment 

decisions in one study,35 but was associated with an increased likelihood of receiving non-

surgical treatment in another study.36 In addition, many studies have found an association 

with polypharmacy and adverse geriatric-specific outcomes. Medication number has been 

associated with physical function, frailty, and delirium in studies including geriatric 

oncology patients.29, 37, 38 A recently published meta-analysis of data from three phase II/III 

studies in ovarian cancer found that polypharmacy was associated with overall grade III/IV 

toxicity, hematological and nonhematological toxicities, but not associated with overall 

survival.39

While there are few studies regarding outcomes, the existing evidence suggests that an 

increased number of medications used in geriatric patients with cancer could increase the 

risk of complications, chemotoxicity, and increases the risk of functional decline. However, 

most existing studies have evaluated polypharmacy as a covariate or risk factor as part of a 

larger exploration of many potential risk factors for adverse outcome. Ultimately, 

implementing polypharmacy screening and intervention as part of routine practice will 

require studies specifically designed to examine the impact of polypharmacy on outcomes in 

older patients with cancer.

POTENTIALLY INAPPROPRIATE MEDICATION USE

Potentially inappropriate medications (PIMs) are largely referred to as medications lacking 

evidence-based indications, medications with treatment risks that may outweigh their 

benefits, medications that are significantly associated with adverse drug reactions, and those 

that may potentially interact with other medications or other diseases.40 There have been a 

few specific criteria developed for identification of PIMs, including the Beers criteria and 

Screening Tool for Older People's Prescriptions (STOPP). The Beers criteria was originally 

developed in 1991 as a list of drugs to avoid in older patients residing in nursing homes and 

has since been updated for older patients 65 and older and revised multiple times by expert 

panels, most recently in 2015. It is a list of more than 110 potentially problematic 
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medications to avoid and more than 60 drug-disease combinations to avoid in older 

people.41 The STOPP criteria is a list of 80 indicators for appropriate prescribing, including 

drugs and doses to avoid as well as drug-disease combinations to avoid. STOPP was 

developed in 2008 and updated in 2015.42 Another tool to identify inappropriate medication 

use is the Medication Appropriateness Index (MAI),43 a list of 10 indicators for prescribing 

that are applied to each medication on a patient's list. This tool is useful to identify factors 

like drugs lacking indication, lacking effectiveness, or potentially increasing the risk of 

harm. The National Comprehensive Cancer Network (NCCN) Older Adult Oncology 

Guideline refers to the MAI,44 however, the MAI may be time-consuming to administer, 

cumbersome for use in clinical settings, must be performed by a skilled clinician with 

training, and does not address underprescribing.45 The NCCN guidelines also present a list 

of specific medications which may be considered of particular concern to the geriatric 

oncology population including sedatives, first generation anti-histamines and anti-emetic 

drugs.44

In the general geriatric population, 12%-63% are exposed to PIMs, based on either the Beers 

or STOPP criteria.46 Most studies evaluating PIMs in patients with cancer have used the 

Beers criteria.20, 22, 23, 47-49 To date, one study has evaluated the prevalence of PIMs in 

patients with cancer using both the Beers and the STOPP criteria in a senior adult oncology 

ambulatory center in the US.24 The overall prevalence of PIMs was 51%, and was 38% 

according to STOPP criteria and 40% according to the 2012 Beers criteria.24

OUTCOMES ASSOCIATED WITH POTENTIALLY INAPPROPRIATE MEDICATION USE

Very few studies have evaluated whether the use of inappropriate medications is associated 

with adverse outcomes in geriatric oncology. In a study of 414 older patients in the general 

population, the presence of both PIMs and polypharmacy combined had a statistically 

significant positive correlation to increased hospital readmissions. PIM use alone, however, 

was not found to be significantly related to readmissions.50 In a secondary analysis of a 

prospective study of factors related to chemotherapy-related adverse events in 7 academic 

medical centers, there was no association found between either polypharmacy or PIM use 

and chemotherapy toxicity or hospitalization.26 Another study evaluating the impact of PIMs 

on outcomes in patients with breast cancer receiving chemotherapy found no association 

between PIM use and the composite outcome of emergency room visits, hospitalization or 

death in 6 months.51

Despite the potential harms of PIMs, observational studies of emergency room visits and 

hospitalizations due to adverse drug reactions (ADRs) have found that most of the 

medication-related harm in older persons is not due to PIMs, but is in fact due to common 

classes of medications not considered inappropriate, including anticoagulants, opioids, 

antiplatelet agents, oral hypoglycemic drugs, insulin, and antiarrhythmic agents.52 However, 

in the same secondary analysis of chemotherapy-related adverse events that found no 

association with PIMs, there was no association between these 6 high risk medication 

classes and adverse outcomes.26 There are a few possibilities for the lack of association 

between PIM use and adverse outcomes in geriatric oncology: 1) there are too few studies to 

date to show an association, and the studies that have been conducted have included 
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heterogeneous populations with early stage and advanced cancer patients; 2) it is possible 

that no association between PIMs and harm exists in geriatric oncology; 3) several 

medications considered to be PIMs are also necessary supportive oncology drugs, and may 

actually mitigate harm in older patients. (NCCN) Additionally, PIM criteria may be 

inapplicable to the end of life oncology population, when preventative medications might be 

considered inappropriate but PIMs (e.g., benzodiazepines) might be appropriate and 

recommended.53

ADDRESSING POLYPHARMACY AS PART OF GERIATRIC ASSESSMENT

A strategy to provide more appropriate, safe medication use in older patients with cancer 

may need to go beyond simple medication number, PIMs, and high risk medications to 

include a comprehensive evaluation of medication use and risk factors for ADRs. The 

medication use process comprises a series of stages including prescribing, communicating 

medication orders, dispensing, administering and monitoring. Because of this multi-stage 

process, adequate patient-provider consultation time is needed to conduct comprehensive 

medication assessments in order to identify all medication related problems. This 

comprehensive medication assessment should be done periodically, especially with the 

initiation or modification of the patient's oncologic management or when there are changes 

in disease management, changes in clinical condition and/or during transitions of care. 

During the visit, the provider should confirm medication indication (e.g. medication-

condition matching), dosage (e.g. dosages appropriate for renal and/or liver function), 

duration, assess for drug duplication, drug-drug-, drug-disease interactions and adverse 

effects; in addition, the patient's ability to read medication label directions and to manage 

medications in an organized manner should be assessed. The provider should not only 

consider the pharmacological properties of the medications, but should also consider the 

patient's comorbidities, cancer prognosis, cognitive and functional status as well as social, 

cultural and economic factors. In this way, the prescribing process encompasses the patient's 

goals of care coupled with maintaining quality of life. A comprehensive medication review 

is considered to be an integral part of the geriatric oncology assessment based on the NCCN 

Older Adult Oncology guidelines.44 The guidelines recommend a comprehensive medication 

assessment, which includes a thorough review of patients’ medications with subsequent 

discontinuation of any nonessential medications and evaluation for drug interactions, 

adverse effects, and patient adherence. Geriatric assessment (GA) is a compilation of various 

validated tools to assess multiple domains in older adults and has been shown in prior 

studies to influence decision-making and predict outcomes such as hospitalization and 

treatment complications in older patients with cancer.35, 54 While the domains of GA include 

a comprehensive assessment of functional status, nutrition, comorbidities, cognition, mental 

health, and social supports, a clear method for the assessment of polypharmacy has not been 

established.

In recent years, an increasing number of studies have incorporated the use of GA in older 

adults with cancer.35, 36, 55 However, polypharmacy was not consistently included as part of 

the GA, which may be due to studies showing mixed results in the correlation between 

polypharmacy and various clinical outcomes, compared to strong correlations noted in other 

GA domains such as comorbidities, functional and nutritional status.33, 56-59 For studies that 
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did include medication assessment, the data was often analyzed and presented as number of 

medications. For example, Joly at al. identified that 43% of older patients aged 65 or above 

with normal Karnofsky performance status (80%-100%) reported taking 9 or more 

medications.60 Some studies further characterized polypharmacy but the definition varies, 

with the most common definition being the concurrent use of ≥ 5 medications.35, 36, 55

When polypharmacy is detected from GA, it is unclear whether interventions aimed at 

reducing medication number are of benefit. Further, many recommended interventions made 

through GA may not have adequate uptake by oncologists. Selected studies published since 

2010 assessing polypharmacy and associated interventions are shown in Table 2. In the 

ELCAPA study, geriatricians proposed to have the prescribed medication changed in 31% of 

patients based on GA results but the percentage of uptake from the proposed medication 

intervention as well as the benefits of the intervention were not reported.35 In a study by 

Kalsi et al, GA interventions were shown to improve chemotherapy tolerance in older 

patients aged 70 or above undergoing chemotherapy.61 In this population, 19% received 

intervention to reduce unnecessary medications such as adjustment of anti-hypertensive 

medications in over or undertreated patients. These interventions, however, vary across the 

various studies and were not clearly defined. In addition, while different definitions of 

polypharmacy account for variation in different studies, differences in the way medication 

use is actually assessed may lead to significant variation in prevalence and impact on 

outcomes.

DEPRESCRIBING AS A POTENTIAL INTERVENTION FOR POLYPHARMACY

Deprescribing is defined as the “systematic process of identifying and discontinuing drugs in 

instances in which existing or potential harms outweigh existing or potential benefits within 

the context of an individual patient's care goals, current level of functioning, life expectancy, 

values, and preferences.”62 While few studies have evaluated the positive outcomes of 

deprescribing, several trials have evaluated the potential negative consequences of stopping 

medications, including exacerbation of the underlying disease as well as drug withdrawal 

syndromes.63 A systematic review of drug withdrawal trials found that the vast majority of 

medications could be safely stopped without adverse events, with careful attention to slower 

withdrawal and close monitoring when stopping cardiovascular drugs and psychotropic 

agents.63 Studies evaluating the positive effects of deprescribing have shown a reduction in 

overall medication number, reduction in the number of inappropriate medications, reduction 

in hospital length of stay, association with global improvements in health, and improvements 

or slower declines in quality of life.62 No studies have been specific to geriatric oncology 

patients, and thus, the benefits and harms of deprescribing in geriatric oncology are 

unknown.

Patients who are prescribed multiple drugs, who take potentially inappropriate medications 

(PIMs), and who have changing goals of care are among the candidates for careful 

medication review with a consideration of deprescribing where appropriate. The process of 

deprescribing has been described in five steps (see Box).62 Some of the steps may seem 

more straightforward and feasible in geriatric oncology. The ability to identify those drugs 

that are high risk/low benefit and to prioritize their discontinuation remains an area in which 
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further research is greatly needed, both in geriatric oncology and in general geriatric 

populations.

Although deprescribing is a possible intervention for older patients with cancer who have 

polypharmacy, the question remains who should lead this intervention among a team that 

may consist of a geriatrician, oncologist, pharmacist, and primary care provider. Barriers to 

accomplishing a deprescribing intervention include the oncologists’ familiarity and comfort 

with making changes to non-cancer medications, the need for communication and 

coordination with other providers, the patient or family member's reluctance to change 

medication, and, of course, the lack of evidence of benefit or harm of deprescribing in this 

population.

One approach to optimizing the prescribing and de-prescribing process is through utilization 

of pharmacists as part of the healthcare delivery model for inter-professional, team-based 

care.41 The Institute of Medicine recognizes the significant role played by pharmacists in the 

areas of medication therapy management and medication safety, as well as the value of 

pharmacist–physician collaboration in patient care.64-66 Pharmacists have the professional 

education, training, skills, and medication use expertise to employ evidence-based medicine 

which is crucial for this complex population that takes multiple medications. Teams led by 

pharmacists to identify, prevent, and resolve medication related problems and promote the 

correct use of medications may improve the likelihood that patients receive appropriate 

pharmaceutical care.7 Thus, there is potential for pharmacists to play an important role as a 

member of the inter-professional team.

CONCLUSIONS

In summary, there is a need for validated methods to define polypharmacy and to incorporate 

assessment and evaluation as a standard part of GA for older adults with cancer. While there 

are many acceptable definitions of polypharmacy, GA that includes screening for harmful 

medication use may require a simplified approach, to be able to consistently define the 

prevalence and impact of the problem and to design interventions. An increased number of 

medications that a patient is regularly taking is the most significant independent predictor of 

harm,62 both in general geriatric and in geriatric oncology populations. Once polypharmacy 

has been screened, the next step is to use a combination of tools designed to identify harmful 

medication use, such as the Beers and STOPP criteria, the MAI, as well as a review for high 

risk drugs. The Beers, STOPP, and MAI are considered viable options for use in clinical 

practice and may complement each other in their ability to identify harmful medications. 

Once harmful medication use has been identified, deprescribing interventions need to be 

initiated. Ultimately, to incorporate the assessment of polypharmacy into GA studies and 

interventions, a clear, simple definition of polypharmacy would be beneficial, and the 

methods of medication review and intervention need to be clearly described and developed 

within the field to improve replicability of such studies.

ACKNOWLEDGEMENTS

Dr. Holmes is supported by a K23 from the National Institutes of Health (AG 048376).

Sharma et al. Page 8

J Geriatr Oncol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



REFERENCES

1. Bushardt RL, Massey EB, Simpson TW, Ariail JC, Simpson KN. Polypharmacy: misleading, but 
manageable. Clin Interv Aging. 2008; 3(2):383–9. [PubMed: 18686760] 

2. Gillette C, Prunty L, Wolcott J, Broedel-Zaugg K. A new lexicon for polypharmacy: Implications 
for research, practice, and education. Res Social Adm Pharm. 2015; 11(3):468–71. [PubMed: 
25280463] 

3. Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J Geriatr Pharmacother. 
2007; 5(4):345–51. [PubMed: 18179993] 

4. Hilmer SN, Gnjidic D. The effects of polypharmacy in older adults. Clin Pharmacol Ther. 2009; 
85(1):86–8. [PubMed: 19037203] 

5. Fried TR, O'Leary J, Towle V, Goldstein MK, Trentalange M, Martin DK. Health outcomes 
associated with polypharmacy in community-dwelling older adults: a systematic review. J Am 
Geriatr Soc. 2014; 62(12):2261–72. [PubMed: 25516023] 

6. Gómez C, Vega-Quiroga S, Bermejo-Pareja F, Medrano MJ, Louis ED, Benito-León J. 
Polypharmacy in the Elderly: A Marker of Increased Risk of Mortality in a Population-Based 
Prospective Study (NEDICES). Gerontology. 2015; 61(4):301–9. [PubMed: 25502492] 

7. Patterson SM, Cadogan CA, Kerse N, et al. Interventions to improve the appropriate use of 
polypharmacy for older people. Cochrane Database Syst Rev. 2014; 10:CD008165. [PubMed: 
25288041] 

8. Shah BM, Hajjar ER. Polypharmacy, adverse drug reactions, and geriatric syndromes. Clin Geriatr 
Med. 2012; 28(2):173–86. [PubMed: 22500537] 

9. Payne RA, Abel GA, Avery AJ, Mercer SW, Roland MO. Is polypharmacy always hazardous? A 
retrospective cohort analysis using linked electronic health records from primary and secondary 
care. Br J Clin Pharmacol. 2014; 77(6):1073–82. [PubMed: 24428591] 

10. Appleton SC, Abel GA, Payne RA. Cardiovascular polypharmacy is not associated with unplanned 
hospitalisation: evidence from a retrospective cohort study. BMC Fam Pract. 2014; 15:58. 
[PubMed: 24684851] 

11. Kouladjian L, Hilmer SN, Chen TF, Le Couteur DG, Gnjidic D. Assessing the harms of 
polypharmacy requires careful interpretation and consistent definitions. Br J Clin Pharmacol. 
2014; 78(3):670–1. [PubMed: 25279408] 

12. Hovstadius B, Petersson G. Factors leading to excessive polypharmacy. Clin Geriatr Med. 2012; 
28(2):159–72. [PubMed: 22500536] 

13. Gnjidic D, Hilmer SN, Blyth FM, et al. Polypharmacy cutoff and outcomes: five or more medicines 
were used to identify community-dwelling older men at risk of different adverse outcomes. J Clin 
Epidemiol. 2012; 65(9):989–95. [PubMed: 22742913] 

14. Turner JP, Jamsen KM, Shakib S, Singhal N, Prowse R, Bell JS. Polypharmacy cut-points in older 
people with cancer: how many medications are too many? Support Care Cancer. 2016; 24(4):
1831–40. [PubMed: 26449548] 

15. Kantor ED, Rehm CD, Haas JS, Chan AT, Giovannucci EL. Trends in Prescription Drug Use 
Among Adults in the United States From 1999-2012. JAMA. 2015; 314(17):1818–31. [PubMed: 
26529160] 

16. Guthrie B, Makubate B, Hernandez-Santiago V, Dreischulte T. The rising tide of polypharmacy 
and drug-drug interactions: population database analysis 1995-2010. BMC Med. 2015; 13:74. 
[PubMed: 25889849] 

17. Huiart L, Bouhnik AD, Rey D, et al. Complementary or alternative medicine as possible 
determinant of decreased persistence to aromatase inhibitor therapy among older women with non-
metastatic breast cancer. PLoS One. 2013; 8(12):e81677. [PubMed: 24367488] 

18. Korc-Grodzicki B, Boparai MK, Lichtman SM. Prescribing for older patients with cancer. Clin 
Adv Hem Onc. 2014; 12(5):309–18.

19. Currow DC, Stevenson JP, Abernethy AP, Plummer J, Shelby-James TM. Prescribing in palliative 
care as death approaches. J Am Geriatr Soc. 2007; 55(4):590–5. [PubMed: 17397439] 

20. Maggiore RJ, Gross CP, Hurria A. Polypharmacy in older adults with cancer. Oncologist. 2010; 
15(5):507–22. [PubMed: 20418534] 

Sharma et al. Page 9

J Geriatr Oncol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21. Lees J, Chan A. Polypharmacy in elderly patients with cancer: clinical implications and 
management. Lancet Oncol. 2011; 12(13):1249–57. [PubMed: 21741307] 

22. Balducci L, Goetz-Parten D, Steinman MA. Polypharmacy and the management of the older cancer 
patient. Ann Oncol. 2013; 24(Suppl 7):vii36–40. [PubMed: 24001761] 

23. Prithviraj GK, Koroukian S, Margevicius S, Berger NA, Bagai R, Owusu C. Patient Characteristics 
Associated with Polypharmacy and Inappropriate Prescribing of Medications among Older Adults 
with Cancer. J Geriatr Oncol. 2012; 3(3):228–37. [PubMed: 22712030] 

24. Nightingale G, Hajjar E, Swartz K, Andrel-Sendecki J, Chapman A. Evaluation of a pharmacist-led 
medication assessment used to identify prevalence of and associations with polypharmacy and 
potentially inappropriate medication use among ambulatory senior adults with cancer. J Clin 
Oncol. 2015; 33(13):1453–9. [PubMed: 25800766] 

25. Hanigan MH, Dela Cruz BL, Thompson DM, Farmer KC, Medina PJ. Use of prescription and 
nonprescription medications and supplements by cancer patients during chemotherapy: 
questionnaire validation. J Oncol Pharm Pract. 2008; 14(3):123–30. [PubMed: 18719067] 

26. Maggiore RJ, Dale W, Gross CP, et al. Polypharmacy and potentially inappropriate medication use 
in older adults with cancer undergoing chemotherapy: effect on chemotherapy-related toxicity and 
hospitalization during treatment. J Am Geriatr Soc. 2014; 62(8):1505–12. [PubMed: 25041361] 

27. Riechelmann RP, Moreira F, Smaletz O, Saad ED. Potential for drug interactions in hospitalized 
cancer patients. Cancer Chemother Pharmacol. 2005; 56(3):286–90. [PubMed: 15731916] 

28. Kierner KA, Weixler D, Masel EK, Gartner V, Watzke HH. Polypharmacy in the terminal stage of 
cancer. Support Care Cancer. 2015

29. Turner JP, Shakib S, Singhal N, et al. Prevalence and factors associated with polypharmacy in older 
people with cancer. Support Care Cancer. 2014; 22(7):1727–34. [PubMed: 24584682] 

30. Elliot K, Tooze JA, Geller R, et al. The prognostic importance of polypharmacy in older adults 
treated for acute myelogenous leukemia (AML). Leuk Res. 2014; 38(10):1184–90. [PubMed: 
25127690] 

31. de Glas NA, Kiderlen M, Bastiaannet E, et al. Postoperative complications and survival of elderly 
breast cancer patients: a FOCUS study analysis. Breast Cancer Res Treat. 2013; 138(2):561–9. 
[PubMed: 23446810] 

32. Badgwell B, Stanley J, Chang GJ, et al. Comprehensive geriatric assessment of risk factors 
associated with adverse outcomes and resource utilization in cancer patients undergoing abdominal 
surgery. J Surg Oncol. 2013; 108(3):182–6. [PubMed: 23804149] 

33. Hamaker ME, Seynaeve C, Wymenga AN, et al. Baseline comprehensive geriatric assessment is 
associated with toxicity and survival in elderly metastatic breast cancer patients receiving single-
agent chemotherapy: results from the OMEGA study of the Dutch breast cancer trialists' group. 
Breast. 2014; 23(1):81–7. [PubMed: 24314824] 

34. Kim JW, Kim YJ, Lee KW, et al. The early discontinuation of palliative chemotherapy in older 
patients with cancer. Support Care Cancer. 2014; 22(3):773–81. [PubMed: 24287502] 

35. Caillet P, Canoui-Poitrine F, Vouriot J, et al. Comprehensive geriatric assessment in the decision-
making process in elderly patients with cancer: ELCAPA study. J Clin Oncol. 2011; 29(27):3636–
42. [PubMed: 21709194] 

36. Parks RM, Hall L, Tang SW, et al. The potential value of comprehensive geriatric assessment in 
evaluating older women with primary operable breast cancer undergoing surgery or non-operative 
treatment--a pilot study. J Geriatr Oncol. 2015; 6(1):46–51. [PubMed: 25267539] 

37. Freyer G, Geay JF, Touzet S, et al. Comprehensive geriatric assessment predicts tolerance to 
chemotherapy and survival in elderly patients with advanced ovarian carcinoma: a GINECO study. 
Ann Oncol. 2005; 16(11):1795–800. [PubMed: 16093275] 

38. Şenel G, Uysal N, Oguz G, et al. Delirium Frequency and Risk Factors Among Patients With 
Cancer in Palliative Care Unit. Am J Hosp Palliat Care. 2015

39. Woopen H, Richter R, Ismaeel F, et al. The influence of polypharmacy on grade III/IV toxicity, 
prior discontinuation of chemotherapy and overall survival in ovarian cancer. Gynecol Oncol. 
2016; 140(3):554–8. [PubMed: 26790772] 

Sharma et al. Page 10

J Geriatr Oncol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



40. Dimitrow MS, Airaksinen MS, Kivelä SL, Lyles A, Leikola SN. Comparison of prescribing criteria 
to evaluate the appropriateness of drug treatment in individuals aged 65 and older: a systematic 
review. J Am Geriatr Soc. 2011; 59(8):1521–30. [PubMed: 21797829] 

41. Panel BtAGSBCUE. American Geriatrics Society 2015 Updated Beers Criteria for Potentially 
Inappropriate Medication Use in Older Adults. J Am Geriatr Soc. 2015; 63(11):2227–46. 
[PubMed: 26446832] 

42. O'Mahony D, O'Sullivan D, Byrne S, O'Connor MN, Ryan C, Gallagher P. STOPP/START criteria 
for potentially inappropriate prescribing in older people: version 2. Age Ageing. 2015; 44(2):213–
8. [PubMed: 25324330] 

43. Samsa GP, Hanlon JT, Schmader KE, et al. A summated score for the medication appropriateness 
index: development and assessment of clinimetric properties including content validity. J Clin 
Epidemiol. 1994; 47(8):891–6. [PubMed: 7730892] 

44. In: Editor Book NCCN Clinical Practice Guidelines in Oncology - Older Adult Oncology. 
NCCN.org; City: 2015. Network NCC NCCN Clinical Practice Guidelines in Oncology - Older 
Adult Oncology.. 

45. Hanlon JT, Schmader KE. The medication appropriateness index at 20: where it started, where it 
has been, and where it may be going. Drugs Aging. 2013; 30(11):893–900. [PubMed: 24062215] 

46. Guaraldo L, Cano FG, Damasceno GS, Rozenfeld S. Inappropriate medication use among the 
elderly: a systematic review of administrative databases. BMC Geriatr. 2011; 11:79. [PubMed: 
22129458] 

47. Saarelainen LK, Turner JP, Shakib S, et al. Potentially inappropriate medication use in older people 
with cancer: prevalence and correlates. J Geriatr Oncol. 2014; 5(4):439–46. [PubMed: 25127252] 

48. Todd A, Williamson S, Husband A, Baqir W, Mahony M. Patients with advanced lung cancer: is 
there scope to discontinue inappropriate medication? Int J Clin Pharm. 2013; 35(2):181–4. 
[PubMed: 23229875] 

49. Fede A, Miranda M, Antonangelo D, et al. Use of unnecessary medications by patients with 
advanced cancer: cross-sectional survey. Support Care Cancer. 2011; 19(9):1313–8. [PubMed: 
20652603] 

50. Sehgal V, Bajwa SJ, Sehgal R, Bajaj A, Khaira U, Kresse V. Polypharmacy and potentially 
inappropriate medication use as the precipitating factor in readmissions to the hospital. J Family 
Med Prim Care. 2013; 2(2):194–9. [PubMed: 24479078] 

51. Karuturi, M.; Holmes, H.; Lei, X.; Johnson, M.; Giordano, S. In: Editor Book Potentially 
Inappropriate Medication Use in Elderly Breast Cancer Patients. ASCO; City: 2015. Potentially 
Inappropriate Medication Use in Elderly Breast Cancer Patients.. 

52. Budnitz DS, Lovegrove MC, Shehab N, Richards CL. Emergency hospitalizations for adverse drug 
events in older Americans. N Engl J Med. 2011; 365(21):2002–12. [PubMed: 22111719] 

53. Todd A, Husband A, Andrew I, Pearson SA, Lindsey L, Holmes H. Inappropriate prescribing of 
preventative medication in patients with life-limiting illness: a systematic review. BMJ Support 
Palliat Care. 2016

54. Hurria A, Togawa K, Mohile SG, et al. Predicting chemotherapy toxicity in older adults with 
cancer: a prospective multicenter study. J Clin Oncol. 2011; 29(25):3457–65. [PubMed: 
21810685] 

55. Kanesvaran R, Wang W, Yang Y, et al. Characteristics and treatment options of elderly Chinese 
patients with cancer as determined by Comprehensive Geriatric Assessment (CGA). J Geriatr 
Oncol. 2014; 5(2):171–8. [PubMed: 24486112] 

56. Gajra A, Klepin HD, Feng T, et al. Predictors of chemotherapy dose reduction at first cycle in 
patients age 65 years and older with solid tumors. J Geriatr Oncol. 2015; 6(2):133–40. [PubMed: 
25666905] 

57. Klepin HD, Geiger AM, Tooze JA, et al. Geriatric assessment predicts survival for older adults 
receiving induction chemotherapy for acute myelogenous leukemia. Blood. 2013; 121(21):4287–
94. [PubMed: 23550038] 

58. Palumbo A, Bringhen S, Mateos MV, et al. Geriatric assessment predicts survival and toxicities in 
elderly myeloma patients: an International Myeloma Working Group report. Blood. 2015; 125(13):
2068–74. [PubMed: 25628469] 

Sharma et al. Page 11

J Geriatr Oncol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



59. Gu W, Zhang G, Sun L, et al. Nutritional screening is strongly associated with overall survival in 
patients treated with targeted agents for metastatic renal cell carcinoma. J Cachexia Sarcopenia 
Muscle. 2015; 6(3):222–30. [PubMed: 26401468] 

60. Jolly TA, Deal AM, Nyrop KA, et al. Geriatric assessment-identified deficits in older cancer 
patients with normal performance status. Oncologist. 2015; 20(4):379–85. [PubMed: 25765876] 

61. Kalsi T, Babic-Illman G, Ross PJ, et al. The impact of comprehensive geriatric assessment 
interventions on tolerance to chemotherapy in older people. Br J Cancer. 2015; 112(9):1435–44. 
[PubMed: 25871332] 

62. Scott IA, Hilmer SN, Reeve E, et al. Reducing inappropriate polypharmacy: the process of 
deprescribing. JAMA Intern Med. 2015; 175(5):827–34. [PubMed: 25798731] 

63. Iyer S, Naganathan V, McLachlan AJ, Le Couteur DG. Medication withdrawal trials in people aged 
65 years and older: a systematic review. Drugs Aging. 2008; 25(12):1021–31. [PubMed: 
19021301] 

64. Kohn L. To err is human: an interview with the Institute of Medicine's Linda Kohn. Jt Comm J 
Qual Improv. 2000; 26(4):227–34. [PubMed: 10749007] 

65. Kohn, LT.; Institute of Medicine (U.S.). Academic health centers : leading change in the 21st 
century. National Academies Press; Washington, D.C.: 2004. Committee on the Roles of 
Academic Health Centers in the 21st Century.. 

66. Institute of Medicine (U.S.). Committee on Identifying Priority Areas for Quality Improvement.. 
Priority areas for national action : transforming health care quality.. In: Adams, K.; Corrigan, J., 
editors. National Academies Press; Washington, D.C.: 2003. 

67. Aparicio T, Girard L, Bouarioua N, Patry C, Legrain S, Soulé JC. A mini geriatric assessment 
helps treatment decision in elderly patients with digestive cancer. A pilot study. Crit Rev Oncol 
Hematol. 2011; 77(1):63–9. [PubMed: 20116276] 

68. Horgan AM, Leighl NB, Coate L, et al. Impact and feasibility of a comprehensive geriatric 
assessment in the oncology setting: a pilot study. Am J Clin Oncol. 2012; 35(4):322–8. [PubMed: 
21422992] 

Sharma et al. Page 12

J Geriatr Oncol. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Box. Steps to Deprescribe62

1) Reconcile all medications and consider their indications.

2) Consider overall risk of harm when considering the intensity of 

deprescribing intervention.

3) Assess each drug in terms of current or future benefit in relation to current 

or future harm.

4) Prioritize drugs for deprescribing, giving preference to those that have the 

most unfavorable risk/benefit ratio and least likelihood of withdrawal 

symptoms.

5) Implement a discontinuation plan and monitor for improvement or adverse 

effects as the result of deprescribing.

(Adapted from Scott IA, Hilmer SN, Reeve E, Potter K, Le Couteur D, Rigby D, et al. 

Reducing inappropriate polypharmacy: the process of deprescribing. JAMA Intern Med. 

2015;175(5):827-34.)
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Table 1

Polypharmacy and Association with Outcomes in Geriatric Oncology

Study Population Definition of Polypharmacy Patients Meeting 
Polypharmacy 
Criteria

Outcomes

N %

Caillet et al. 
201135

375 patients ≥70 years with 
solid tumors in a GA 
intervention; 54.6% had 
metastatic disease

≥5 oral medications daily 242 67% Not associated with a change in 
cancer treatment plan

Parks et al. 
201536

47 women ≥70 years with 
early stage, operable breast 
cancer

≥4 daily medications 27 59% Associated with non-surgical 
treatment of cancer (p=0.002)

de Glas et al. 
201331

3179 women ≥65 years who 
underwent surgery for breast 
cancer (all stages)

≥ 5 different types of medication 428 14% Associated with the risk of 
postoperative complications 
OR 1.84, 95% confidence 
interval (CI) 1.46-2.32

Badgwell et al. 
201332

111 patients ≥65 years 
undergoing abdominal surgery 
for types of cancer, primarily 
GI

Use of ≥ 5 medications 53 48% Increased length of stay OR 
2.45, 95% CI 1.09-5.49

Hamaker et al. 
201433

73 women ≥65 years with 
metastatic breast cancer 
receiving first-line single-
agent palliative chemotherapy

Use of ≥ 5 medications 37 51% Associated with grade 3-4 
chemotherapy-related toxicity 
Unadjusted OR 6.38, 95% CI 
1.99-23.47

Freyer et al. 
200537

83 women >70 years with 
Stage III/IV ovarian cancer

≥ 6 daily medications 7 8% Lower overall survival 
(p=0.04) for those with 
polypharmacy

Kim et al. 
201434

98 patients ≥65 years 
receiving palliative 
chemotherapy (multiple 
cancer sites included)

>6 medications 39 40% No association with early 
discontinuation of palliative 
chemotherapy

Turner et al. 
201429

385 patients ≥ 70 years seen 
in an outpatient oncology 
clinic (multiple cancer sites 
included)

Use of ≥ 5 regular medications 221 57% Associated with impaired 
physical function (OR 1.13, 
95% CI 1.06-1.20) and being 
frail (OR 4.48, 95% CI 
1.90-10.54) and pre-frail (OR 
2.35, 95% CI 1.43-3.86)

Senel et al. 
201538

213 patients, mean age 60.3 
years, in an inpatient palliative 
care unit (multiple cancer sites 
included)

Use of >3 medications 111 52% Associated with incident 
delirium in univariate analysis 
(p<0.05)

Elliot et al. 
201430

150 patients >60 years of age, 
with acute myelogenous 
leukemia (AML)

Use of ≥ 4 medications 78 52% Associated with 30-day 
mortality in adjusted analysis 
(OR 9.98, 95% CI 1.18-84.13). 
Lower odds of achieving 
remission (OR 0.20, 95% CL 
0.06-0.65)
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Table 2

Interventions for Polypharmacy in Geriatric Assessment Studies

Study Definition of Polypharmacy Interventions Outcome

Aparicio et al. 
201067

1 anticoagulant or 2 cardiovascular or 2 
psychotropic medications or ≥10 
medications

Geriatricians proposed non-
oncologic treatment adaptation

CGA led to an adaptation of the non-
oncological treatment in 15 (72%) and of 
the social care in 8 (38%) patients, but 
never modified the oncological strategy

Caillet et al. 
201135

Concurrent use of >= 5 medications Geriatricians proposed change in 
prescribed medication

Functional status assessed by the ADL 
score and malnutrition were 
independently associated with changes in 
cancer treatment

Horgan et al. 
201268

-- Geriatric oncology service made 
recommendations on medication 
change

Previously unidentified medical problems 
were identified in 70% of patients

Kalsi et al. 
201561

Concurrent use of >= 5 medications Intervention to reduce 
unnecessary medications such as 
adjustment of antihypertensive 
medications in over or 
undertreated patients

Geriatrician-led CGA interventions were 
associated with improved chemotherapy 
tolerance
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