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Abstract

We retrospectively evaluated the prognostic significance of polypharmacy and inappropriate
medication use among 150 patients >60 years of age receiving induction chemotherapy for acute
myelogenous leukemia (AML). After adjustment for age and comorbidity, increased number of
medications at diagnosis (=4 vs. <1) was associated with increased 30-day mortality (OR=9.98,
95% CI=1.18-84.13), lower odds of complete remission status (OR=0.20, 95% C1=0.06-0.65),
and higher overall mortality (HR=2.13, 95% CI1=1.15-3.92). Inappropriate medication use
(classified according to Beers criteria) was not significantly associated with clinical outcomes.
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Polypharmacy warrants further study as a modifiable marker of vulnerability among older adults
with AML.

Keywords

leukemia; polypharmacy; medications; elderly; older; mortality

1. Introduction

Acute myeloid leukemia (AML) is predominantly a disease of older adults[1]. While some
older adults benefit from curative therapies, overall survival (OS) is shorter and treatment-
related toxicity remains higher for older adults compared with their younger counterparts
[2-5]. There are many reasons for poor outcomes in older patients. Therapy is less effective
because of the biology of the disease [6—11], while patient-specific factors such as
comorbidity and poor functional status decrease treatment tolerance [2, 4, 5, 12-17]. There
is a growing effort to identify modifiable patient-specific factors that may influence
treatment tolerance among older adults receiving AML therapy [15, 18, 19].

One challenge faced when treating older patients is the use of multiple concomitant
medications (polypharmacy). Polypharmacy is a problem of growing interest given the
increase in drug consumption in recent years, particularly among people over the age of 65.
Studies indicate that many older adults with cancer are taking more than five medications
[20-24]. Longer life expectancy, co-morbidity and the implementation of evidence-based
clinical practice guidelines in the setting of multi-morbidity all contribute to the presence of
polypharmacy [25]. However, polypharmacy also has important negative consequences,
such as a higher risk of adverse drug reactions. Among elders without cancer each new drug
increases risk of adverse drug events by 10% [26]. Polypharmacy is associated with
additional adverse outcomes such as risk of hospitalization and mortality among older adults
with and without cancer [27-32]. Use of multiple medications, including potentially
unnecessary or inappropriate medications! (P1IM) [33], at the time of chemotherapy
initiation may place patients at a higher risk of toxicity due to adverse drug events or
interactions and could represent a modifiable risk factor for toxicity among older adults
receiving treatment for AML [34-38].

No study to date has evaluated the implications of polypharmacy in the setting of AML
therapy. The risk of adverse drug events and their consequences may be particularly high in
the setting of induction chemotherapy for AML which requires initiation of multiple
treatment and supportive care medications. The objectives of this study were to evaluate the
prevalence and prognostic importance of polypharmacy in older patients receiving treatment
for AML. Investigating polypharmacy in this population may help improve patient
assessment and provide an opportunity to design simple interventions to minimize
unnecessary morbidity associated with treatment.

Ipim = potentially unnecessary or inappropriate medications
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2. Methods

2.1 Study design and population

A retrospective chart review was conducted using the tumor registry and medical records at
Wake Forest University Baptist Medical Center to identify older adults hospitalized with
newly diagnosed AML who received induction chemotherapy between 2004 and 2009.
Eligibility criteria included: 1) age >60 years at the time of diagnosis, 2) confirmed
diagnosis of AML, and 3) received induction chemotherapy. AML diagnoses were
confirmed using pathology reports. Patients for whom 30-day mortality or medication
information was unavailable were excluded from the study (N=23). For consistency with
existing literature age 60 was used to define the older adult cohort for this study [2].

2.2 Measures

Prescription medications (scheduled and as needed) were assessed at the time of hospital
admission and discharge for AML induction chemotherapy. Medication data was obtained
from the electronic medical record. Prescribed eye-drops, mouthwash, and topical creams
were excluded as were non-prescription medications including vitamins and supplements.
Three classes of prescription drugs were categorized for exploratory analyses: 1)
medications used to treat cardiac conditions; 2) medications used to treat diabetes; and 3)
medications having a clinically relevant association with CYP3A4 defined by the Drug
Information Handbook and pharmacist review. Baseline medication data reflects pre-
induction therapy medications. For prevalence estimates, polypharmacy was defined as =5
medications, a commonly used cutoff, to compare the AML population to existing literature
in geriatric populations [22, 27, 39, 40]. To evaluate the prognostic significance of number
of medications at diagnosis in the setting of AML therapy, number of prescription
medications at baseline was evaluated as a categorical variable utilizing optimal cutpoints to
predict outcomes in this setting (described in section 2.4). We chose this approach because
optimal cutpoints differ depending upon clinical context [29, 32]. The use of inappropriate
medications, defined according to the Beers list (2012 Update)[41], was collected at baseline
and discharge and evaluated as a categorical variable. The Beers list, developed and updated
by expert consensus, represents the most widely cited criteria to assess inappropriate drug
prescribing for elders. The list includes medications considered inappropriate due to either
ineffectiveness or high risk for adverse events in older patients and is a proxy for
inappropriate prescribing of other medications [42].

The primary outcome for this analysis was 30-day mortality calculated from the date of
initiation of induction chemotherapy. Secondary outcomes included OS from the date of
initial treatment, achievement of complete remission (CR) post induction therapy, transfer to
an intensive care unit during initial induction hospitalization, and length of hospitalization
for induction chemotherapy. Length of induction hospitalization was calculated from the
date of admission and considered as a categorical variable. To account for early mortality,
length of hospitalization was evaluated in the subset of patients who survived 60 days.
Complete remission was defined as less than 5% blasts on bone marrow biopsy and
normalization of peripheral blood counts post induction chemotherapy.
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2.3 Covariates

Demographic data (age, sex, race, and marital status) and health behaviors were collected
from the electronic medical record. Age at cancer diagnosis was used as a continuous
variable.

Comorbidity was evaluated using independent conditions and standardized comorbidity
indices from data available in the medical record at the time of hospital admission.
Specifically, we collected history of congestive heart failure, coronary artery disease,
cerebrovascular disease (stroke or TIA), diabetes mellitus, chronic obstructive pulmonary
disease, hypertension, renal dysfunction, depression, osteoporosis, rheumatologic disease,
cognitive impairment, venous thrombosis, cardiac valve disease, myelodysplastic syndrome
(MDS), or previous cancer. Previous cancer was defined as any cancer other than non-
melanoma skin cancer. Comorbidity burden was categorized using the modified Charlson
comorbidity index [12, 43] and the Hematopoietic Cell Transplantation comorbidity index
(HCT-CI) [44].

Cytogenetic risk grouping was collected from the pathology report and categorized
according to SWOG criteria [2]. Baseline laboratory values (white blood cell count [WBC])
and hematocrit were abstracted from the medical record for the date of induction admission.

2.4 Statistical Analysis

Descriptive statistics (frequencies, medians and ranges) were used to describe the
characteristics of the study population. Both the Wilcoxon test and Cox proportional hazards
regression was used to model the impact of number of medication category and receipt of
Beers medications on overall survival. To examine the form of the total medications
variable, the cumulative martingale residuals were plotted against the values of the total
medications, and we examined the observed residual plot along with simulated realizations
from the null distribution. Utilizing these residual plots, optimal cutpoints appeared to be at
one and four medications; we also used these residuals to assess the proportional hazards
assumption [45, 46]. Exploratory analysis evaluating number of medications as a continuous
variable was also performed. The relationship between number of medications and outcomes
was non-linear supporting the use of a categorical form of the variable. A Fisher’s exact test
was used to compare the rates of 30-day mortality by prescription medication category and
between remission and medication class. The Kaplan-Meier method was used to estimate
OS and survival stratified by number of prescription medications and use of Beers
medications. McNemar’s test was used to compare the prevalence of polypharmacy from
baseline to follow-up. Pearson’s correlation was used to quantify the association between the
number of medications used at baseline with the two comorbidity indices and age. ANOVASs
were used to compare the number of prescription medications by gender, race, cytogenetic
risk group, and chemotherapy type. A t-test was used to compare the mean number of
medications by 30-day mortality. Univariable logistic regression models were used to
evaluate the association between medication variables and 30-day mortality, complete
remission attainment, transfer to ICU, and length of stay greater than 35 days; models for
number of medications were also adjusted for age and Charlson score. To account for the
effect of additional clinical characteristics known to influence outcomes for older adults
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with AML, additional multiple logistic regression and Cox proportional hazards models
were conducted that included gender, antecedent MDS, white cell count, hematocrit, and
cytogenetic risk group on the subset of patients with risk group data available (N=119).

Exploratory analyses were also conducted to investigate the associated between medication
classes and clinical outcomes (30-day mortality, complete remission, overall survival).
Categorical variables indicating use of one or more medications in each class were added to
the multiple logistic regression and Cox proportional hazards models for each outcome
adjusting for age, comorbidity (CCI) and total number of baseline medications. A two-sided
alpha level of 0.05 was used to indicate statistical significance. All analysis was performed
in SAS (version 9.3, Cary, NC).

Among 209 older adults with newly diagnosed AML, 150 met criteria for inclusion into the
study (Figure 1). The median patient age was 69 years (range 61-87 years). Sixty-one
percent were male and 92% were white (Table 1). The median number of comorbid
conditions was three (range from 0-10) with low prevalence of coronary artery disease
(17%), diabetes (19%), chronic pulmonary disease (9%) and chronic renal disease (4%).
Less than half met criteria of significant comorbidity burden using the Charlson comorbidity
index =1 (45%) or HCT-CI>1 (45%). Approximately 13% had prior MDS and only 14% had
favorable risk cytogenetics. A majority (63%) were treated with standard anthracycline +
cytarabine + etoposide induction chemotherapy.

At the time of admission for induction chemotherapy, 38% of AML patients were prescribed
> 5 medications. The median number of prescribed medications was four (range 0 —15). The
prevalence of polypharmacy increased significantly to 68% (p<0.0001) among patients who
survived induction and were discharged from the hospital and for whom we could abstract
medication use (N=98). Also, 19% of patients were prescribed at least one “inappropriate
medication” according to the Beers Criteria at the time of admission, which increased to
36% at the time of discharge. Anticholinergic medications and benzodiazepines were the
most commonly prescribed category of Beers medications at diagnosis and discharge.

Forty-seven percent of the patients in this study achieved a CR. The median length of
hospital stay was 35 days (range 4-132), and 20% of patients were admitted to the ICU
during induction. Twenty-nine (19%) patients died within 30 days of induction
chemotherapy, and 53 (35%) died within 60 days. Median overall survival was 6.4 months.

The number of medications at baseline was strongly correlated with comorbidity using
either comorbidity index (Charlson, r=0.53, p<0.0001 or HCT-CI, r=0.35, p<0.0001).
Number of medications was not associated with gender, race, age, tumor biology as
measured by cytogenetic risk grouping, or treatment type. With respect to treatment
outcomes, the total number of prescription medications at baseline was associated with
increased 30-day mortality (p=0.02) (Figure 2) and achievement of CR in univariate
analyses (Table 2). Patients who died within 30 days of chemotherapy initiation were on an
average of 5.3 baseline medications versus 3.9 for those who survived for 30 days or longer
(p=0.01). After adjusting for comorbidity and age in the logistic regression model, being on
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four or more baseline medications (vs. <1) was associated with a ten times greater odds of
30-day mortality (OR=9.98, 95% CI=1.18-84.13). Odds of achieving a CR were
significantly lower for patients on =4 medications (vs. <1) in adjusted analyses (OR=0.20,
95% CI=0.07-0.63). Total number of medications at baseline was not associated with a
hospital stay greater than 35 days or an ICU stay. Overall survival (Figure 3a) was
significantly associated with total number of medications in unadjusted analyses (p= 0.01)
and after adjusting for age and comorbidity (p=0.04), with those taking =4 medications at
baseline and those taking 2—3 medications having risk of death two times greater than those
taking <1 (HR=2.13; 95% C1=1.15-3.92 and HR 2.07; 95% CI=1.12 and 3.84 respectively).
Results were similar in models which additionally controlled for gender, MDS, white cell
count, hematocrit and cytogenetic risk group (30-day mortality [OR 5.6 (95% CI= 0.3-90.5)
for 2-3 meds, OR 14.9 (95% CI =1.0-229 for =4 medications compared to <1 medication];
complete remission [OR 0.1 (95% CI1=0.02-0.8) for 2-3 medications, OR 0.1 (95%
Cl=0.02-0.6) for =4 medications compared to <1 medication], and overall survival [HR 2.9
(95% CI = 1.3-6.6) for 2-3 medications, HR 3.1 (95% CI 1.4-7.1) for 24 medications
compared to <1 medication].

In exploratory analyses, evaluating number of medications as a continuous variable showed
that each additional medication at baseline was associated with a 28% increased odds of 30-
day mortality (OR=1.28; 95% CI=1.07-1.53) after adjustment. There was no statistically
significant relationship between the three medication classes considered and any outcome
(data not shown) with the exception of CYP3A4 medications and complete remission.
Patients on no CYP3A4 medications at baseline were more likely to achieve remission than
those taking at least one of these medications (63% versus 37%, p=0.002). When CYP3A4
medication use was included in a multiple logistic regression model it attenuated the effect
of total number of medications on complete remission (p=0.19). Use of CYP3A4 medication
was associated with lower odds of remission (OR 0.5, 95% C1=0.2-0.9) controlling for age,
CCl, total number of medications (categorized <4 versus =4) and use of cardiac and diabetic
meds. These results should be considered hypothesis generating only given the small sample
size and exploratory nature of the anlaysis.

Use of Beers medication at baseline was not associated with any measured clinical outcomes
in unadjusted or adjusted analyses (Table 2; Figure 3b). Among those who survived
induction, neither the number of prescription medications nor the use of Beers medications
at the time of discharge from induction hospitalization were associated with overall survival
(HR=1.01, 95% CI1=0.93-1.10 and HR=0.79, 95% CI1=0.48-1.32 respectively).

4. Discussion

The aim of this study was to examine the prevalence and prognostic significance of
polypharmacy and PIM use among older adults receiving induction chemotherapy for AML.
We found a high prevalence of both polypharmacy and PIM use at baseline, which was
further increased at the time of discharge from initial induction hospitalization. The key
finding of this analysis is a positive association between a higher number of prescription
medications at baseline and increased treatment-related mortality (30-day mortality).
Patients taking more medications at baseline were also less likely to achieve remission and
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had shorter survival. Use of Beers medications was not associated with negative clinical
outcomes in this population.

The prevalence of polypharmacy in our cohort is comparable to reports of other elderly
cancer populations (average daily use of four to nine medications) [21-23]. Among
ambulatory older cancer patients, reported rates of polypharmacy (defined as = 5
prescription medications) ranges from 50% to 80% [22, 23, 30, 39, 40]. In an older inpatient
cancer population, approximately one-third of patients were prescribed > 9 medications
prior to admission [21]. In a study of 108 patients with hematologic cancers 65% were
taking =5 medications [40]. Prevalence estimates of PIM use, assessed by the Beers criteria,
range from 21% to 41% among older cancer patients [21, 22].

Our study suggests that use of >4 prescription medication at the time of AML treatment is
associated with an increased risk of death within 30 days of chemotherapy initiation with
lower odds of achieving remission and shorter survival. This is consistent with observations
in non-cancer elders that each additional medication incurs increased risk of adverse drug
events, hospitalizations and mortality [27, 31, 32]. Several studies have investigated the
prognostic significance of polypharmacy specifically among older cancer patients. Results in
general have been mixed. Most common are studies that have utilized polypharmacy as a
risk factor in the context of a geriatric assessment to better risk-stratify older cancer patients
with respect to treatment toxicity and survival. In three such studies, no association was
found between polypharmacy prior to chemotherapy treatment and toxicity or survival [40,
47, 48]. In each case the study cohorts included multiple different cancer types and varied
treatments. In a study of older adults with advanced ovarian cancer treated with the same
chemotherapy regimen, presence of =6 medications at the time of initiation of treatment was
associated with decreased overall survival [29]. Similarly, among older women receiving
chemotherapy for metastatic breast cancer, polypharmacy (=5 medications) was
independently associated with treatment toxicity [30]. Among older cancer patients
requiring abdominal surgery, polypharmacy was associated with increased length of
hospitalization post-surgery [28]. Taken together, current data suggests the implications of
polypharmacy may be specific to the clinical scenario and most evident in patients at high
risk for treatment-related toxicity.

Mechanistically, polypharmacy may directly increase the risk of toxicity related to treatment
or is a surrogate marker for an unmeasured vulnerability. One explanation for an association
between polypharmacy and adverse outcomes is an increased risk of adverse drug reactions
and drug-drug interactions. Physiologic changes of aging can impact pharmacokinetics and
pharmacodynamics of drugs significantly. In a study of older ambulatory cancer patients
using software to identify potential drug problems, the majority (62%) had a potential drug
problem of any severity identified, with approximately 50% of these rated as moderate to
severe [23]. Increasing age and increased number of medications were independently
associated with risk of moderate to severe potential drug problems. This has significant
implications in the setting of AML therapy. Patients treated for AML are exposed to
multiple new drugs including chemotherapy drugs, antibiotics, and supportive care
medications over a short period of time. The complexity and intensity of treatment in
combination with the acuity of illness can make it difficult to identify and manage
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consequences of potential drug interactions. Similarly, adverse events are likely increased
when adding multiple new drugs to a standing regimen in the acutely ill setting. Exploratory
analyses suggesting a negative relationship between use of medications associated with
CYP3A4 and remission status could support this mechanism and warrants further study.

Alternatively, polypharmacy in our analysis may be a surrogate for unmeasured
vulnerability in this patient population. Factors associated with increased number of
prescription medications among older cancer patients include comorbidity, functional status,
and PIM use [22]. Although we controlled for comorbidity burden, this may not adequately
capture differences in severity of specific comorbid conditions. For example, an older adult
with well-compensated congestive heart failure may be on fewer medications than an adult
with poorly compensated disease. Alternatively, polypharmacy may be a surrogate measure
of functional status in our patient population. Unfortunately, we were unable to account for
performance status in this analysis as it was not routinely recorded in hospital charts. Further
studies will need to account for the relationship between polypharmacy and performance
status as it relates to early mortality. If, however, polypharmacy is found to be independently
associated with treatment mortality in the setting of AML therapy, this could provide
important insight into estimates of treatment tolerance and an opportunity for intervention to
minimize associated risks.

In contrast to polypharmacy, we found no association between the use of potentially
inappropriate medications, defined according to the Beers list, and clinical outcomes in this
patient cohort. Although several studies of older cancer patients have documented high
prevalence of the use of these medications, none have clearly documented clinical
consequences. The most common types of Beers medications used in our cohort were
anticholinergics and benzodiazepines, many of which were used as supportive care
medications even at the time of diagnosis. As such, the potential benefits of these
medications in the context of supportive care for AML may outweigh the risks.
Alternatively, in this patient population with high competing morbidity and mortality,
specific “inappropriate medications” may not independently influence outcomes.

This study has several limitations. This is a retrospective single institution cohort, which
limits the generalizability of our findings. The sample size is relatively small, and may be
underpowered to detect associations between predictors and secondary outcomes and to
fully elucidate contributions of specific drug classes. Drug dosing is also not available. An
important limitation is the lack of data on functional status. Such data will be needed to
further explore the relationship between polypharmacy and early mortality. However, all
patients in our cohort were considered fit enough by their treating oncologist to receive
induction therapy for AML, with the majority receiving intensive treatments.

In conclusion, the number of medications at the time of initiation of induction chemotherapy
was associated with early mortality independent of comorbidity burden in this analysis.
Larger prospective studies are needed to validate these findings. If validated, this could
potentially provide an additional marker of vulnerability for treatment toxicity which is
readily available in routine clinical care. Importantly, this may also provide an additional
opportunity to intervene upon vulnerability in the older adult population. Specifically,
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medication review with discontinuation of unnecessary medications and attention to
potential drug-drug interactions might improve treatment tolerance for older adults receiving
intensive therapy.
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Table 1

Baseline characteristics of older adults hospitalized for induction chemotherapy for newly diagnosed AML
(N=150)
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Characteristic

Median (range) or %

Demographics
Age (years) 69 (61-87)
Female 39
White 92
Clinical Characteristics
Number of Comorbidities 3 (0-10)
Coronary Artery Disease 17
Diabetes 19
HCT-CI Score (>1) 45
Charlson Comorbidity Index Score (=1) 45
Hematocrit 28 (17-90)
White cell count (x10%/mm3) 4 (0.2-268)
Prior myelodysplastic syndrome 13
Cytogenetic risk group (N=120)
Favorable 14
Intermediate 61
Poor 25
Prescription medications at admission 4 (0-15)
Inappropriate meds (any Beers medication) at admission 19
Treatment received
Anthracycline+cytarabine+etoposide 26
Anthracycline+cytarabine 37
Anthracycline+cytarabine+ATRA 8
Anthracycline+cytarabine+investigational drug 7
Anthracycline+cytarabine+bortezomib 6
Cytarabine+investigational drug 4
Hypomethylating agents 3
Other 13
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HCT-CI, Hematopoietic cell transplantation comorbidity index; ATRA, all-trans retinoic acid
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Table 2

Relationship between baseline medication variables and clinical outcomes
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Number of medications OR (95% CI)

Beers medication

2-3 (N=51)

>=4 (N=78)

Outcomes

<=1 (N=21)
30-day mortality 1.00

1.00
Complete remission 1.00

1.00
ICU stay 1.00

1.00

LOS >35 days among those surviving 60 days (N=97)  1.00
1.00

3.18 (0.37-27.6)

3.63 (0.40-32.71)&
0.33 (0.11-1.06)

0.32 (0.10-1.03)2
6.15 (0.75-50.76)

6.40 (0.77-52.97)@
0.57 (0.18-1.81)

0.53 (0.16-1.71)2

7.37 (0.93-58.38)

9.98 (1.18-84.13)2
0.21 (0.07-0.63)

0.20 (0.06-0.65)2
5.57 (0.70-44.57)

6.57 (0.80-53.72)2
1.15 (0.37-3.56)

0.94 (0.29-3.08)2

0.89 (0.31-2.58)

0.96 (0.42-2.19)

0.42 (0.12-1.51)

0.87 (0.32-2.34)

ClI, confidence interval; ICU, Intensive care unit; LOS, length of stay; OR, odds ratio

aAdjusted for age and Charlson comorbidity score
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