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Abstract

Background Overactive bladder (OAB) is characterized by the presence of bothersome urinary symptoms. Pharmacologic
treatment options for OAB include anticholinergics and f;-adrenergic agonists. Use of f;-adrenergic agonists may result in
similar treatment efficacy with a decreased side effect profile compared with anticholinergics because high anticholinergic
burden is associated with cardiovascular and neurologic side effects. However, the ;-adrenergic agonist mirabegron, one of
two approved drugs within this class, is a moderate cytochrome P450 (CYP) 2D6 inhibitor, and coadministration of drugs
that are CYP2D6 substrates with mirabegron may lead to adverse drug effects.

Objective The aim of this study was to quantify how often CYP2D6 substrates were dispensed in patients receiving mira-
begron among adults of any age and among those > 65 years of age.

Methods In this retrospective descriptive analysis, a deidentified administrative claims database in the United States, IQVIA
PharMetrics® Plus, was used to identify dispensing claims for CYP2D6 substrates and mirabegron from November 2012 to
September 2019. Prevalence of CYP2D6 substrate dispensing was assessed in patients dispensed mirabegron among all adults
> 18 years old and additionally among a cohort of those > 65 years old. Patient baseline profiles at the time of mirabegron
and CYP2D6 substrate codispensing and at the time of mirabegron dispensing were compared. CYP2D6 substrates were
categorized as those with the potential for increased risk of QT prolongation, with anticholinergic properties, with narrow
therapeutic index (NTI), contraindicated or having a black box warning when used with CYP2D6 inhibitors, or used for
depression or other psychiatric disease. Dispensing data and patient profiles were summarized descriptively.

Results Overall, 68.5% of adults > 18 years old dispensed mirabegron had overlapping dispensings for one or more CYP2D6
substrate; 60.6% and 53.6% had overlapping dispensings for CYP2D6 substrates with anticholinergic properties or risk of
QT prolongation, respectively. CYP2D6 substrates with NTI, contraindicated with CYP2D6 inhibitors, or for psychiatric
use were codispensed in 17.7%, 16.6%, and 38.0% of adult mirabegron users, respectively. Mirabegron users receiving one
or more concurrent CYP2D6 substrate were more likely to be older, have more comorbidities and baseline polypharmacy,
and have increased healthcare resource utilization compared with those without concurrent CYP2D6 substrates. Commonly
codispensed CYP2D6 substrates included hydrocodone, oxycodone, tramadol, metoprolol, and tamsulosin. Findings were
similar for patients in the older cohort (> 65 years old), with 72.1% receiving overlapping CYP2D6 substrates.
Conclusions Codispensing of CYP2D6 substrates, especially those with anticholinergic properties or risk of QT prolonga-
tion, was common among adults and older adults receiving mirabegron. Results highlight the need for improved awareness
of CYP2DG6 substrate prescribing among patients receiving pharmacologic treatment for OAB that inhibits the CYP2D6
pathway.
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Previous evidence suggests concomitant use of drugs
that are cytochrome P450 (CYP) 2D6 substrates with
drugs that are CYP2D6 inhibitors may lead to increased
concentration of the substrate and risk of drug—drug
interactions.

Among patients receiving mirabegron, a moderate
CYP2D6 inhibitor, codispensing with CYP2D6 sub-
strates was common (~ 70%) among all adults and
among patients > 65 years old.

Mirabegron users receiving one or more concurrent
CYP2D6 substrate were more likely to be older, have
more comorbidities and baseline polypharmacy, and
have increased healthcare resource utilization compared
with those without concurrent CYP2D6 substrate
dispensings.

1 Introduction

Overactive bladder (OAB) is a clinical diagnosis charac-
terized by the presence of bothersome urinary symptoms
including urgency, frequency, nocturia, and urge urinary
incontinence [1]. Nearly one in four Americans aged
> 40 years has bothersome symptoms of OAB [2], and
the proportion of adults with OAB increases with age in
both men and women [2, 3]. In a large survey of adults in
the United States, the percentage of respondents report-
ing frequency of OAB symptoms as at least “sometimes”
rose from 17% for those 40—45 years old to 49% for
those > 76 years old in male respondents and from 37 to
51%, respectively, in females [2]. Pharmacologic agents,
including oral anticholinergics or f;-adrenergic receptor
agonists, are recommended for the treatment of OAB [1].
While anticholinergics are commonly used treatments for
OAB, it is generally recommended to avoid anticholiner-
gics in older adults because increased use leads to greater
anticholinergic burden (i.e., cumulative effects of taking
one or more drug with anticholinergic properties) [1, 4]
and associated risks [5, 6], including increased risk of
dementia [6], as well as cardiovascular and neurologic
side effects [5, 7].

Compared with adults without OAB, adults with OAB
often have more comorbid medical conditions, such as
hypertension, depression, and dementia [8§—10]. Like-
wise, older adults with OAB have higher rates of comor-
bidities, such as hypertension, psychiatric disorders, and
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urinary tract infections, than older adults without OAB
[8]. Treatment of these comorbidities often necessitates
pharmacologic management, leading to greater rates of
polypharmacy. In a geriatric outpatient cohort study of
807 patients (mean age 81.7 years), in which 25.5% of
patients had a history of or were currently experienced
urinary incontinence, 84% were receiving more than
one medication, with an average of approximately five
medications prescribed per patient [11]. Polypharmacy
in patients with OAB increases the risk of adverse health
outcomes as each additional medication leads to a greater
risk of drug—drug interactions [11]. Treatment of com-
mon comorbidities of OAB often necessitates manage-
ment with medications that also have anticholinergic
properties [12], thereby leading to increased anticholiner-
gic burden, especially among those receiving anticholin-
ergics for OAB. In addition to anticholinergic properties,
other drug properties can contribute to adverse health out-
comes when polypharmacy is present. Drug-induced QT
prolongation grows more concerning because increased
risk factors for Torsades de Pointes (TdP), such as older
age and female sex [13], are common attributes of the
OAB population [2].

B;-adrenergic receptor agonists are also approved for
the treatment of OAB and can avoid anticholinergic bur-
den increases. However, mirabegron, a p;-adrenergic
receptor agonist, moderately inhibits cytochrome P450
(CYP) 2D6 metabolism [14, 15]. Approximately 25% of
drugs in clinical use in the United States are metabolized
to some extent by CYP2D6 [16], and concomitant admin-
istration with drugs that inhibit CYP2D6 may lead to
increased plasma concentrations of CYP2D6 substrates.
Published research on the outcomes from concomitant
use of mirabegron and CYP2D6 substrates is limited,
with only small pharmacokinetic studies in healthy adults
assessing concomitant dosing with desipramine, meto-
prolol, and tolterodine [14, 17]. A recent 5-year claims
analysis of long-term care (LTC) facilities highlighted
that among 159,785 residents identified as having OAB,
25,115 residents had one or more mirabegron dispensing,
and of those, 92.5% were also dispensed a CYP2D6 sub-
strate [18]. More research, including additional analyses
using real-world data, is needed to better assess prescrib-
ing practices in patients with OAB.

Despite the US Food and Drug Administration docu-
mented drug interaction warning for prescribing mirabe-
gron with a drug metabolized by CYP2D6, coadministra-
tion may still occur, and clinicians should be aware of the
risk for drug—drug interactions. The aim of the current
study was to quantify how often CYP2D6 substrates were
dispensed in patients receiving mirabegron among adults
of any age and among those > 65 years of age.
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2 Methods
2.1 Study Design and Database

This retrospective database analysis used IQVIA
PharMetrics® Plus Database, an administrative claims data-
base of fully adjudicated medical and pharmacy claims in
the United States that primarily includes national commer-
cial health plans. Briefly, PharMetrics® Plus includes data
from > 210 million commercially insured enrollees and
> 75 million enrollees with > 3 years of continuous enroll-
ment and is representative of US patients < 65 years of
age who are commercially insured. The database contains
a longitudinal view of patient demographics, providers,
diagnoses, pharmacy dispensing, inpatient and outpatient
services, and costs [19]. The PharMetrics® Plus database,
which uses deidentified insurance claims, is compliant with
the Health Insurance Portability and Accountability Act to
protect patient privacy.

The overall study period for this retrospective database
analysis was defined as January 2011-December 2019,
and the cohort entry period was defined as November
2012—-September 2019.

2.2 Cohorts and Eligibility
2.2.1 Mirabegron Cohort

To form a base to derive study cohorts, an initial analysis
was conducted to identify patients with OAB by select-
ing those with a record of receiving a dispensing of a drug
approved for the treatment of OAB (i.e., mirabegron, dar-
ifenacin, fesoterodine, flavoxate, oxybutynin, solifenacin,
tolterodine, or trospium).

To be included within the mirabegron cohort, patients
had to have at least one dispensed prescription for mirabe-
gron during the cohort entry period and be >18 years old
at the time of mirabegron dispensing. Mirabegron prescrip-
tion counts included only those claims during the continu-
ous enrollment period. To enable comparison of patient
baseline characteristics between patients with (codispensed
group) and without (mirabegron-only group) concurrent
CYP2D6 substrate dispensing, patients additionally had to
have at least one mirabegron dispensing and > 6 months of
baseline continuous medical and pharmacy benefit enroll-
ment; patients in the mirabegron-only group had to have at
least one mirabegron dispensing, whereas patients in the
codispensed group had to have at least one mirabegron dis-
pensing overlapping with CYP2D6 substrate dispensings of
interest (Fig. 1).

The cohort entry date for the codispensed group was
defined as the date of first eligible overlapping dispensing

(the later dispensing date of mirabegron and CYP2D6 sub-
strate). When comparing patient characteristics between the
two groups, patients entered the cohort with eligible codis-
pensing on a particular number of mirabegron dispensings
(e.g., third mirabegron dispensing) and were 1:1 matched
with patients only dispensed mirabegron at that number of
mirabegron dispensings (e.g., third mirabegron dispensing)
and any previous mirabegron dispensings with no concur-
rent CYP2D6 substrate (Fig. 2). Matching was performed
in ascending order of number of mirabegron dispensings
without replacement (see Sect. 2.3 for details). The cohort
entry date for the mirabegron-only comparator group was
the dispensing date of matched mirabegron. One patient
could contribute to both groups, even on the same number
of mirabegron dispensings, as long as the cohort entry date
for the mirabegron-only group was before the cohort entry
date for the codispensed group. However, once the patient
had entered the codispensed group, the patient could not
contribute further to the mirabegron-only group.

For comparing patient profiles, cohorts were generated
separately for overall CYP2D6 substrates, for five groups of
CYP2D6 substrates based on drug properties (see Sect. 2.3),
for nine individual substrates with narrow therapeutic index
(NTT; aripiprazole, desipramine, donepezil, flecainide, imi-
pramine, propafenone, thioridazine, tramadol, venlafaxine),
for the five individual most commonly prescribed substrates
among patients with OAB (hydrocodone, oxycodone, ondan-
setron, tolterodine, tramadol), and for prespecified distinct
number of concurrent CYP2D6 substrates (see Sect. 2.3).

2.2.2 Older Adult (= 65 Years) Mirabegron Cohort

Eligibility criteria and cohort entry dates followed the same
criteria as the mirabegron cohort, with age criterion set to
> 65 years old.

2.3 CYP2D6 Substrate Identification and Definition
of Codispensing and Exposure

Within each cohort, CYP2D6 substrate dispensings were
identified using National Drug Codes (NDCs) for 106 of the
108 drugs defined as CYP2D6 substrates in a publication by
Rutman et al. [20]. CYP2D6 substrates were further clas-
sified into non-mutually exclusive groups, including those
(1) with risk of QT prolongation or TdP [21], (2) having
reported anticholinergic properties [12], (3) with NTI and
prohibited in a phase IV trial of mirabegron in older adults
with OAB [22], (4) with a contraindication or black box
warning for coadministration with a CYP2D6 inhibitor, and
(5) indicated for the treatment of depression or other psy-
chiatric disease.

Codispensing (Fig. 3) was defined as either (1) if there
was a CYP2D6 substrate dispensing during the mirabegron
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Cohort Entry Date
(first overlapped dispensing
[second medication date])
Day 0

Exclusion Assessment Window

(intermittent medical and drug coverage)
-6 to 0 months

Exclusion Assessment Window (age)
Day 0

Covariate Assessment Window (age, sex)
Day 0

Covariate Assessment Window

(baseline conditions)
—183 to —1 days (back to 2011 if available)

o >

Time

Fig. 1 Cohort entry dates (first codispensing after > 6 months of
continuous enrollment) and time periods for baseline assessment of
covariates

exposure window when the CYP2D6 substrate dispensing
was on or after the mirabegron dispensing or (2) if there
was a mirabegron dispensing during a CYP2D6 substrate
use window when the CYP2D6 substrate dispensing was
before the mirabegron dispensing. The mirabegron expo-
sure window started on the date of dispensing (‘index date’)
and extended to 1.5 times the number of days supplied for
mirabegron; for example, for a 30-day supply, the exposure
began on the date of dispensation and extended to 45 days
following the date of dispensation. Based on the average
day supply for each CYP2D6 substrate NDC, five CYP2D6
substrate use windows were defined. The longest window
(for a 90-day supply) began 135 days before mirabegron dis-
pensing, whereas the shortest window (for a < 7-day supply)
began 10 days before mirabegron dispensing. These broad
windows of medication use were included in this study to

Codispensing

Fig.2 Example patients for ispens!

defining cohort entry for codis-
pensing and dispensing-based
matching in the mirabegron

Patient A

. |

ensure identification of potential codispensings between
mirabegron and CYP2D6 substrates.

The number of concurrent CYP2D6 substrates was
counted based on distinct CYP2D6 substrates overlapping
with a single mirabegron dispensation. While one patient
could increase the number of codispensed CYP2D6 sub-
strates across multiple mirabegron dispensings, only the first
date for each count in ascending order was captured as the
cohort entry date of that concurrent number of CYP2D6
substrates because the patient was considered to retain the
risk of multiple codispensings as described above (Supple-
mentary Figure 1, see electronic supplementary material
[ESMY]). Each distinct concurrent number of CYP2D6 sub-
strates meeting the prespecified criteria for cohort popula-
tion sizing was included for assessment.

2.4 Statistical Analyses

The number of patients who had codispensed mirabegron
and CYP2D6 substrates was assessed in multiple cohorts:
overall CYP2D6 substrates, five prespecified groups of
CYP2D6 substrates, and 106 individual CYP2D6 substrates.
The number of patients in each codispensing cohort is pre-
sented using descriptive statistics.

Demographic variables (age, sex, US census region) were
assessed at the index date (Fig. 1). Length of continuous
medical and pharmacy enrollment, chronic comorbidities
(identified using International Classification of Diseases
codes; see Supplementary Table 1 in the ESM), comor-
bidity scores, and the 10 most common diagnoses (identi-
fied across all patients with OAB in the study period) were
assessed using all available history within the same con-
tinuous enrollment window before the cohort entry date;
healthcare resource utilization, acute comorbidities, urogy-
necologic procedures, OAB-related and CYP2D6 substrate
medications, and the 10 most common prescription drugs
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(identified across all patients with OAB in the study period)
were assessed during the 183 days before the cohort entry
date. Within each matched cohort, patient characteristics
were compared between those with and without CYP2D6
substrate codispensing using standardized mean differences
(SMDs) and were considered unbalanced if the ISMDI was
> 0.2 [23]. Categorical covariates were collapsed to binary
variables for each category, and a positive instance was
coded as ‘1’ for the category.

3 Results
3.1 Mirabegron Cohort
3.1.1 Patient Attrition

A total of 838,844 adult patients were identified as having
an OAB medication during the cohort entry period, and
665,502 (79.3%) had a dispensing of one or more CYP2D6
substrate of any type at some point in the follow-up period
after OAB medication dispensing. Of the 106,908 patients
identified as having a mirabegron dispensing during the
cohort entry window, 106,260 were > 18 years old, and
91,835 had > 6 months of continuous enrollment before
dispensing (Supplementary Figure 2A, see ESM). To ena-
ble comparison of baseline characteristics, 40,769 patients
with mirabegron and CYP2D6 substrate codispensing
were matched to 40,769 patients with mirabegron without

135 days

Window around mirabegron prescription to define codispensing

codispensation after matching on number of mirabegron
dispensations.

3.1.2 CYP2D6 Substrate Dispensing Patterns

Among the 106,260 patients in the mirabegron adult cohort,
72,825 (68.5%) had dispensings for one or more CYP2D6
substrate that overlapped with mirabegron dispensing
(Table 1). CYP2D6 substrates with anticholinergic prop-
erties or with risk of QT prolongation were codispensed
in 60.6% and 53.6% of patients in the mirabegron cohort,
respectively. CYP2D6 substrates indicated for the treatment
of depression or psychiatric diseases, with a black box warn-
ing or contraindication for codispensing with a CYP2D6
inhibitor, and with NTI were also codispensed in > 15%
of patients (Table 1). The most commonly codispensed
CYP2D6 substrates were hydrocodone (20.0% of patients),
oxycodone (11.2%), tramadol (10.9%), metoprolol (9.9%),
and tamsulosin (9.2%) (Supplementary Table 2, see ESM).

3.1.3 Demographics and Baseline Characteristics

After matching on number of mirabegron dispensations, the
median age of the overall CYP2D6 substrate codispensed
group was 59 years and of the mirabegron-only group
was 56 years; 74% and 78%, respectively, were female
(Supplementary Table 3, see ESM). Compared with the
mirabegron-only group, patients in the overall CYP2D6
substrate codispensed group had greater baseline overall
comorbidity scores (i.e., Charlson Comorbidity Index,

Mirabegron
dispensing date

v

Mirabegron
day supply

—_—

Average day supply
by NDC

Number of days before mirabegron
to detect codispensing

1- to 7-day supply 10-day window
8- to 20-day supply 30-day window

21- to 44-day supply 45-day window
45- to 70-day supply 90-day window
71+ day supply 135-day window

Fig.3 Codispensing windows before and after mirabegron dispensing to detect codispensing with CYP2D6 substrates of interest.

CYP cytochrome P450, NDC National Drug Code
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Elixhauser Comorbidity Index). Patients in the codispensed
group were also more likely to have diagnoses for a greater
number of individual baseline comorbidities, including car-
diovascular (e.g., hypertension, chronic pulmonary disease,
congestive heart failure) and neurologic or psychiatric (e.g.,
depression) disorders, and more common baseline medica-
tion use, including dispensings for hydrocodone, gabapentin,
and simvastatin (Fig. 4; Supplementary Table 3, see ESM).
Compared with the mirabegron-only group, patients in the
overall CYP2D6 substrate codispensed group had more
frequent baseline use of outpatient visits and emergency
department visits. Observations were similar across prede-
fined subgroups of CYP2D6 substrates from each cohort
(Fig. 4). As the number of CYP2D6 substrates codispensed
with mirabegron increased, patients were more likely to have
a poorer overall medical condition, greater medication use,
and increased use of healthcare services during the baseline
period (data not shown).

3.2 Older Adult Mirabegron Cohort (= 65 Years Old)
3.2.1 Patient Attrition

Among the patients dispensed one or more mirabegron pre-
scription, 27,445 were > 65 years of age and 23,463 had
> 6 months of continuous enrollment before dispensing
(Supplementary Figure 2B, see ESM). After matching on
number of mirabegron dispensations, 8570 patients > 65
years of age who had mirabegron and CYP2D6 substrate
codispensing were matched to 8570 patients > 65 years

of age who had mirabegron dispensings without CYP2D6
codispensation.

3.2.2 CYP2D6 Substrate Dispensing Patterns

Among the older adult cohort, 72.1% of patients were
dispensed one or more overlapping CYP2D6 substrate
(Table 1). CYP2D6 substrates with anticholinergic proper-
ties or with risk of QT prolongation were codispensed in
61.3% and 52.4% of patients, respectively. CYP2D6 sub-
strates for the treatment of depression or psychiatric dis-
eases, with NTI, or with a black box warning/contraindi-
cation were codispensed in 35.4%, 20.2%, and 16.8% of
patients, respectively. The most commonly codispensed
CYP2D6 substrates were hydrocodone (19.2% of patients),
metoprolol (17.3%), tamsulosin (14.0%), simvastatin
(12.5%), and tramadol (11.7%).

3.2.3 Demographics and Baseline Characteristics

After matching on number of mirabegron dispensations,
the median age of the older adult overall CYP2D6 substrate
codispensed group was 71 years and of the older adult
mirabegron-only group was 69 years; 60% and 65%, respec-
tively, were female (Supplementary Table 3, see ESM).
Within the older adult overall CYP2D6 substrate codis-
pensed group, those who had one or more CYP2D6 sub-
strate dispensing had greater baseline comorbidity scores
than those in the mirabegron-only group (Supplementary
Table 3, see ESM). Likewise, patients in the overall codis-
pensed group had a greater number of diagnosed baseline

Table 1 CYP2D6 substrate codispensing in the mirabegron cohort and older adult (> 65 years) mirabegron cohort

CYP2D6 substrate dispensation

Number of substrates

Mirabegron cohort Older adult (> 65 years)

n (%) mirabegron cohort
(N =106,260) n (%)
(N = 27,445)
Any CYP2D6 substrate® 106 72,825 (68.5) 19,793 (72.1)
Risk of QT prolongation® 61 56,937 (53.6) 14,374 (52.4)
Anticholinergic properties® 51 64,366 (60.6) 16,811 (61.3)
Narrow therapeutic index? 9 18,784 (17.7) 5538 (20.2)
Contraindicated/black box warning for prescribing with 5 17,677 (16.6) 4609 (16.8)
CYP2D6 inhibitor®
Indicated for depression or psychiatric disorder® 42 40,326 (38.0) 9725 (35.4)
CYP cytochrome P450

#As defined in a publication by Rutman et al. [20]
b As defined by CredibleMeds [21]
As defined in a publication by Hanlon et al. [12]

9Defined as those prohibited in a phase IV trial of mirabegron in older adults (aripiprazole, desipramine, donepezil, flecainide, imipramine,

propafenone, thioridazine, tramadol, venlafaxine) [22]

€As defined by US prescribing information
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All CYP2D6 substrates

QT prolonging

Variable

Anticholinergic

NTI

Contraindications
Depression/psychiatric
Tolterodine
Ondansetron
Oxycodone
Hydrocodone

Age, median (IQR)

Age =65 years

Female

No. of inpatient admissions, mean (SD)
No. of outpatient visits, mean (SD)

No. of ER admissions, mean (SD)
Charlson Comorbidity Index score, mean (SD)
Elixhauser Comorbidity score, mean (SD)
Acute myocardial infarction

Cardiac arrhythmias

Cerebrovascular disease

Congestive heart failure

Coagulopathy

Dementia

Depression

Hypertension, complicated
Hypertension, uncomplicated

Other neurologic disorders

Parkinson disease

Psychoses

Valvular disease

H svD=>0.75

M 0.50 < SMD < 0.75
0.25 <SMD < 0.50
0.10=SMD <0.25
-0.1<SMD <0.1
—-0.25 <SMD <-0.10

M -0.50 <SMD <-0.25

Il -0.75 < SMD < -0.50

W SMD<-0.75

Thioridazine
Desipramine

Variable

Propafenone
Flecainide

Imipramine
Aripiprazole
Venlafaxine
Tramadol

Age, median (IQR)

Age = 65 years

Female

No. of inpatient admissions, mean (SD)
No. of outpatient visits, mean (SD)

No. of ER admissions, mean (SD)
Charlson Comorbidity Index score, mean (SD)
Elixhauser Comorbidity score, mean (SD)
Acute myocardial infarction

Cardiac arrhythmias

Cerebrovascular disease

Congestive heart failure

Coagulopathy

Dementia

Depression

Hypertension, complicated
Hypertension, uncomplicated

Other neurologic disorders

Parkinson disease

Psychoses

Valvular disease

... Donepezil

Fig.4 Comparison of demographics and baseline clinical character-
istics among patients with vs without CYP2D6 substrate prescrip-
tions in the mirabegron cohort. Shown are results for CYP2D6 sub-
strates overall and CYP2D6 substrates with risk of QT prolongation,
anticholinergic properties, NTI (as an overall group and as individual
substrates [aripiprazole, desipramine, donepezil, flecainide, imipra-
mine, propafenone, thioridazine, tramadol, venlafaxine]), contraindi-
cated or with warning for prescribing with a CYP2D6 inhibitor, and
indicated for the treatment of depression or other psychiatric disor-
der. Profile comparisons for the cohorts are also provided for the five
most commonly dispensed CYP2D6 substrates among patients with
OAB (hydrocodone, oxycodone, ondansetron, tolterodine, tramadol).
As tramadol was included within the NTI group, it is displayed sepa-

rately from the other most commonly dispensed CYP2D6 substrates.
SMD values indicate the difference in proportions for a character-
istic between those with and without codispensing, adjusted for the
large patient population, with colors representing SMD value ranges,
as shown on the right. Colors in the yellow-red range indicate that
a higher proportion of patients with codispensing experience have
that characteristic, whereas colors in the blue—green range indicate a
higher proportion in the mirabegron-only group. ISMDs| > 0.2 were
considered unbalanced between patients who received a CYP2D6
substrate vs those who did not receive a CYP2D6 substrate. CYP
cytochrome P450, ER emergency room, /QR interquartile range, NTI
narrow therapeutic index, OAB overactive bladder, SMD standardized
mean difference
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comorbidities, including cardiovascular disorders (e.g.,
hypertension, cardiac arrhythmia, congestive heart failure)
and depression, and had greater baseline use of hydroco-
done, gabapentin, and simvastatin. Patients in the codis-
pensed group also had higher baseline use of outpatient and
emergency department visits compared with those in the
mirabegron-only group (Supplementary Table 3, see ESM).
Observations were similar across predefined subgroups of
CYP2D6 substrates from each cohort.

4 Discussion

Management of patients with OAB, particularly older
adults, is complicated by polypharmacy and the potential
for drug—drug interactions [11]. Overlapping dispensings of
mirabegron, a moderate CYP2D6 inhibitor, with CYP2D6
substrates occurred frequently (~ 70%) in patients overall
and among patients > 65 years old. Across all analyses, the
most commonly codispensed CYP2D6 substrates included
hydrocodone, oxycodone, tramadol, metoprolol, tamsulosin,
and simvastatin. Those receiving one or more CYP2D6 sub-
strate were more likely to be older, have more comorbidities
and baseline polypharmacy, and have increased healthcare
resource utilization than patients dispensed mirabegron
without CYP2D6 substrate prescriptions. These patterns
were observed with or without codispensing of specific
CYP2D6 substrate groups (e.g., risk of QT prolongation,
anticholinergic properties, NTI, or contraindications/warn-
ings). The differences seen with versus without codispensing
were generally heterogeneous across specific CYP2D6 sub-
strates. For example, of the NTI substrates evaluated, thiori-
dazine, propafenone, and donepezil were more commonly
prescribed compared with other NTI CYP2D6 substrates. As
the number of CYP2D6 substrates codispensed with mirabe-
gron increased, patients generally had worse overall medical
condition, greater polypharmacy, and increased healthcare
resource utilization compared with those who had the same
number of mirabegron dispensings without overlapping
CYP2D6 substrate dispensing.

Consistent with these results, a high prevalence (> 90%)
of CYP2D6 substrate prescribing has been reported among
residents of LTC facilities who have OAB [18]. In the prior
analysis of residents of LTC, approximately two-thirds of
residents were prescribed CYPD26 substrates indicated for
the treatment of depression/psychiatric diseases; > 86% and
> 78% of residents had received CYP2D6 substrate pre-
scriptions that had anticholinergic properties or risk of QT
prolongation, respectively [18]. Furthermore, nearly 25% of
residents with OAB who had received mirabegron also had
one or more claim for a CYP2D6 substrate with a boxed
warning and/or a contraindication for use with CYP2D6
inhibitors during the 5-year analysis window. Although these
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findings parallel our study, the analysis among residents of
LTC facilities did not specifically assess codispensing rates
but instead assessed whether prescribing occurred at any
time during an extended 5-year analysis window, thus limit-
ing the ability to detect potentially inappropriate prescribing
practices.

Anticholinergics are commonly prescribed for OAB, and
patients with OAB may also receive drugs with anticho-
linergic properties for the treatment of common comorbid
conditions. Despite recommendations to minimize the use of
anticholinergics in older adults [4], our analysis showed that
a high percentage of older adults (> 65 years of age) received
CYP2D6 substrates that had some degree of anticholinergic
activity. These results are in line with a study that showed
high rates of polypharmacy and anticholinergic burden, as
well as potentially inappropriate prescribing practices, in
residents of LTC facilities [24]. While a previous retrospec-
tive study reported that anticholinergic polypharmacy (i.e.,
> 30 days of > 2 unique anticholinergics) was uncommon
among Medicare beneficiaries with OAB (occurring in < 2%
of patients in 2017), patients with anticholinergic polyphar-
macy were shown to have a significantly greater number of
adverse outcomes (e.g., falls, fractures, altered mental sta-
tus) and higher healthcare resource utilization versus those
without anticholinergic polypharmacy [25]. Anticholinergics
are also increasingly being associated with increased risk of
incident dementia [6], and older adults may be particularly
vulnerable for cognitive dysfunction with increased anticho-
linergic burden [26].

CYP2D6 substrates with an NTI also present a potential
risk in the older adult population, especially if the substrate
is coadministered with CYP2D6 inhibitors such as mirabe-
gron. Pharmacokinetic studies of CYP2D6 substrates com-
monly prescribed with mirabegron—including tolterodine,
metoprolol, and desipramine—have shown increases in
maximum plasma concentration and area under the curve
of the substrate [14, 17]. Individuals who are poor CYP2D6
metabolizers and are prescribed a CYP2D6 inhibitor have
a compounded risk of experiencing potentially harmful
adverse drug reactions owing to increased substrate concen-
tration [27]. Alternatively, prodrugs that require CYP2D6
metabolism for activity (e.g., hydrocodone) may lose effec-
tiveness if coadministered with CYP2D6 inhibitors.

This high proportion of patients receiving overlapping
mirabegron and CYP2D6 substrate prescriptions is con-
cerning, as is the high codispensing of metoprolol and
tramadol in the mirabegron cohorts given the warnings for
prescribing with CYP2D6 inhibitors. Because the risk of
drug—drug interactions and associated adverse drug reac-
tions is increased in older adults owing to the higher preva-
lence of polypharmacy [28], identifying potential drug—
drug interactions may lead to improved patient safety and
reduced healthcare resource utilization. Indeed, drug—drug
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interactions can result in toxicity that can lead to hospital
admissions [29]. A recent case crossover study showed
that concomitant use of antidepressants, many of which
are CYP2D6 substrates, with CYP2D6-inhibiting drugs
was associated with an increased risk of fall injuries [30].
Furthermore, several studies evaluating polypharmacy and
drug—drug interactions have shown that optimizing treat-
ment plans can reduce healthcare and medication costs [31,
32]. Deprescribing of or changing some medications may be
beneficial for patients with OAB who are receiving multiple
medications, particularly CYP2D6 substrates with anticho-
linergic properties, to prevent or minimize clinically relevant
drug—drug interactions.

The findings from this analysis are subject to typical
limitations of real-world studies of administrative insur-
ance claims data analysis, such as the potential for misclas-
sification and residual confounding. PharMetrics® Plus is
an administrative claims database that primarily consists of
commercial health plan enrollees and contains limited data
for patients > 65 years old. Therefore, those included in the
older adult (> 65 years) cohort may not be representative
of all patients > 65 years of age. Additionally, prescription
dispensing does not guarantee administration of medication,
especially for as-needed medications, or that administration
of medication was aligned with indications for use, and the
reason for prescribing is not captured in the database. Eval-
uation of adverse outcomes associated with codispensing
was not captured by this study. Medications taken as needed
can be taken over an extended time and may not be well
understood within the data; and over-the-counter medica-
tions (e.g., oxybutynin patch for women) are not captured
in claims data. Additional study-specific limitations include
the potential for over- or underestimating actual days sup-
plied for CYP2D6 substrates based on average days’ supply.
Intentional gaps in medication use are also not clearly speci-
fied within claims data. Despite these limitations, this study
defined codispensing of mirabegron and CYP2D6 substrates,
which implies the potential for coadministration, and serves
as a first step toward understanding the patterns of OAB
medication use with concomitant CYPD26 substrates.

5 Conclusions

In this retrospective analysis of a US administrative claims
database, codispensing mirabegron, a moderate CYP2D6
inhibitor, and CYP2D6 substrates was common among all
adults and among older adults (> 65 years old). These results
highlight the need for improved awareness when prescribing
CYP2D6 substrates for patients with OAB who are receiving
mirabegron. Healthcare providers should consider a patient’s
entire medical profile to better mitigate potentially inappro-
priate prescribing when selecting OAB therapy.
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