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Executive Summary:  

· Oxybutynin extended-release (ER) is labeled for the treatment of OAB with symptoms of urge incontinence, urgency and urinary frequency. Oxybutynin extended-release (Ditropan XL) is also labeled for pediatric patients aged 6-years and older with symptoms of detrusor over activity associated with a neurological condition (e.g., spina bifida). 

·  The initial dose of oxybutynin ER is 5 mg to 10 mg taken once a day.  Titration in 5 mg per day increments should not be faster than weekly intervals.  The maximum dose is 30 mg per day.  The ER tablet should not be crushed, chewed or adulterated.

· In direct comparison trials, the efficacy of oxybutynin ER was similar to the IR formulation in most outcome measures. The ER form did demonstrate a greater percentage of reporting a normal voiding frequency in known oxybutynin responders.  One direct comparison trial found that oxybutynin ER decreased mean weekly micturition frequency and resulted in a greater proportion of patients without any incontinence episodes in week 12 compared to tolterodine ER.

· Oxybutynin’s principle adverse effects are related to its anticholinergic activity and include dry mouth, constipation, sedation, dry eyes, visual changes, increased heart rate, urinary retention and cognitive changes.  These effects tend to be dose related and greater when taken in combination with other drugs with anticholinergic activity.

· At equivalent daily doses, moderate and severe dry mouth occurs 2 to 3 times more often with the IR form compared to oxybutynin ER.
· Oxybutynin ER should be used cautiously in men with an enlarged prostate or others at risk for urinary retention.

· Oxybutynin is FDA Category C.  It is unknown whether oxybutynin is excreted in breast milk; therefore caution should be exercised if taken by nursing women.

· Oxybutynin is a substrate and weak inhibitor of CYP3A4 and a weak inhibitor of CYP2D6.  Concurrent use of potent CYP3A4 inhibitors can increase oxybutynin concentrations.
· Oxybutynin ER cost per tablet ranges from $0.57 to $2.61for all strengths.

· Oxybutynin ER is an appropriate selection when more than 5 mg per day is needed to obtain therapeutic benefit or when all day treatment is needed for urinary incontinence.
Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to oxybutynin extended- release (ER) tablets; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Much of this monograph was abstracted from a drug class review of anticholinergic drugs performed by PBM.  After field review of the class review, the PBM-MAP-VPE voted to add oxybutynin ER tablets to the VANF, thus necessitating a need for a monograph.

Pharmacology/Pharmacokinetics1-4
Oxybutynin’s mechanism of action involves antagonism of the M3 muscarinic receptor located on the detrusor muscle of the bladder.  Under normal conditions, acetylcholine binds to the M3 receptor activating phospholipase C via G-protein coupling, this in turn generates inositol triphosphate resulting in the release of calcium from sarcoplasmic reticulum and contraction of smooth muscle in the bladder. Another muscarinic receptor, M2, is thought to contribute to detrusor contraction by inhibiting adenyl cyclase and decreasing cAMP concentrations, which mediate bladder relaxation. In the bladder, the ratio of M2 to M3 receptors is 3:1, while M1, M4 and M5 receptors are absent.  The M3 receptor directly mediates detrusor smooth muscle contraction.  M2 opposes sympathetically mediated smooth muscle relaxation.  Thus M2 and M3 work synergistically to coordinate efficient bladder emptying. Parasympathetic stimulated bladder contraction is counter balanced by sympathetic stimulated (beta3 adrenergic receptors) bladder relaxation. In addition to its antimuscarinic effects, oxybutynin has direct antispasmodic effect on smooth muscles.

Patients with an overactive bladder experience uninhibited cholinergic-initiated bladder contractions at lower bladder volumes or that cannot be countered via protective responses such as increased sphincter tone.  Antimuscarinic agents suppress or eliminate these unwanted detrusor contractions and relax the bladder, thus decreasing the urge and urgency to void, increasing bladder capacity and decreasing micturition frequency.

The M2 and M3 receptors are also found in secretory cells of endo- and exocrine glands, the heart, smooth muscle cells of the G.I. and respiratory tracts as well as ocular vascular smooth muscle.  Stimulation of the M3 receptors increases secretion of saliva and ocular lubricants.  
Oxybutynin’s binding affinities (pKi) to the muscarinic receptors are shown in Table 1 with atropine as a reference.  Oxybutynin is considered to have minimal M3 selectivity over M2 receptors.  M3 selectivity is believed to minimize anticholinergic adverse effects, primarily dry mouth.  

Table 1 Oxybutynin's Muscarinic Binding Affinities10, 11
	Medication
	Chemical/Physical Property
	M1
	M2
	M3
	M4
	M5
	Uroselectivity

	Oxybutynin
	Tertiary amine
	8.7
	7.8
	8.9
	8.02
	7.4
	M3>M2, minimal

	Atropine
	Tertiary amine
	9.6
	8.9
	9.6
	8.9
	9.2
	-----------


Binding profiles, pKi, (mean affinities) to human cloned muscarinic receptors.  Atropine provided as a reference. 
Oxybutynin’s pharmacokinetic parameters are dependent on its formulation (Table 2).  The IR tablet results on a wide fluctuation of peak and trough plasma concentrations.  The extended-release tablet releases over a 24 hour period with the plasma concentration increasing over 4 to 6 hours post dosing, then remaining fairly constant.  Compared to the IR formulation, high peak concentrations and major fluctuations in peak to trough concentrations are avoided.
Table 2 Pharmacokinetics of Oxybutynin
	Parameter
	F (%)
	Onset, h
	Peak, h
	Protein binding, %
	Vd, L
	Elimination
	Metabolism
	Active met.
	Half-life, h
	Duration, h

	Oxybutynin IR
	1.6 – 10.9
	0.5 – 1.0
	3 – 6
	NA
	193
	<0.1% urine
	1st pass extraction

3A4 major
	N-desethyl-oxybutynin
	Parent 64

Met.   82
	6-10

	Oxybutynin ER
	NA
	0.5 - 1.0
	NA
	NA
	193
	<0.1% urine
	1st pass extraction

3A4 major
	N-desethyl-oxybutynin
	Parent 64

Met.   82
	<24


FDA Approved Indication(s) 3
Oxybutynin is labeled for the treatment of OAB with symptoms of urge incontinence, urgency and urinary frequency (Table 3). Oxybutynin extended-release (Ditropan XL) is also labeled for pediatric patients aged 6-years and older with symptoms of detrusor over activity associated with a neurological condition (e.g., spina bifida).
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).
Off-label uses include other forms of urinary incontinence, irritable bowel syndrome, primary enuresis, urinary incontinence due to involuntary detrusor muscle contraction including neurogenic bladder, and lower urinary tract symptoms.

Current VA National Formulary Alternatives

Oxybutynin IR and ER (SA) tablets are on the VA National Formulary.
Dosage and Administration

Table 3 Dose, Frequency and Administration of Oxybutynin 

	Agent
	Dose (oral unless indicated)
	Administration 

	Oxybutynin IR
	2.5 – 5 mg BID – TID; Max. 5 mg QID
	Dose titration over 1 -3 months is recommended. Best if taken on an empty stomach.

	Oxybutynin ER


	5 – 10 mg once a day; max. 30 mg once a day
	Must be swallowed whole.   Can be taken without regard to meals.  Dose titration no faster than weekly intervals


Table 4 Dose Adjustments for Special Populations2-9
	Agent
	Geriatric dose
	Dose in renal impairment
	Dose in hepatic impairment

	Oxybutynin IR
	Initial dose: 2.5 – 5 mg BID-TID
	Not required
	Not required

	Oxybutynin ER 
	Initial dose: 5 – 10 mg daily
	Not required
	Not required


Efficacy 

Efficacy Measures

Insert text here.

Efficacy measures used in clinical trials include the following:

· A 24-hour urinary diary kept for 3 to 7 consecutive days during the baseline period and for one or more periods prior to clinic visits.

· Weekly totals of urge and total (urge plus non-urge) urinary incontinence episodes.

· Micturition frequency/day for up to 7 consecutive days during the baseline period and for one or more periods prior to clinic visits.

· Frequency of urgency per day

· Severity of urgency per day

· Volume voided per micturition

· Number of incontinence episodes resulting in a change of pad or clothing per week

· Nocturnal awakenings per week due to OAB

· Cystometrogram

· Volume to first urge sensation

· Volume to first detrusor contraction

· Bladder capacity (volume)

· Post-void residual volume

Meta-analyses & Systematic Reviews5-7
The Cochrane Incontinence Group conducted a systematic review of anticholinergic drug treatment compared to placebo in the treatment of OAB in randomized trials.  Primary outcome measures consisted of the patient’s observations of cure or improvement in symptoms, number of leakages, and number of voids.  Secondary outcomes included urodynamic measures and adverse effects.  Thirty-two of the 64 studies identified as of January 2002 met inclusion criteria and were analyzed.  Agents in common with this review were tolterodine, oxybutynin, and trospium. Approximately one third of subjects in the clinical trials were men.

The group concluded that subjects who’d received anticholinergic treatment were more likely to report improvement as perception of cure or improved symptoms, about 1 less leakage episode per 48 hours, and about 1 less micturition in 48 hours compared to those taking placebo.  Changes in urodynamic measures included a larger increase in maximum cystometric capacity, a greater increase in volume at first contraction, and no difference in residual volume with anticholinergic treatment compared to placebo.  A significant difference in the number of withdrawals due to adverse effects was not found between anticholinergic treatment and placebo.  Dry mouth, the most frequently reported adverse effect, was significantly more common in subjects treated with an anticholinergic than placebo.  A sensitivity analysis did not show any differences in the study’s findings for age, sex, diagnosis (neurogenic or idiopathic detrusor overactivty), or anticholinergic drug.

The authors concluded that the observed differences in treatment effect between anticholinergic treatment and placebo was of lesser magnitude than expected from clinical experience.  This difference could be attributed to the absence of simultaneous bladder retraining in clinical trials that often is included in clinical practice.

Another systematic review and meta-analysis initially published 2005 and updated in 2008 included randomized clinical trials of antimuscarinic agents from 1966 to August 2004 and then to October 2007 in the update.  The objective of this second review were to assess the safety, tolerability, and efficacy of antimuscarinic agents for OAB and detrusor over activity as well as their effects on quality of life measures and whether there are differences between the agents.  

In total the final analysis 211 publications were reviewed, 83 trials extracted and 73 trials included in the meta-analysis.  Antimuscarinic agents included in the review included oxybutynin in the IR, ER, and TDS formulations, tolterodine IR and ER, darifenacin, trospium, solifenacin, fesoterodine, and propiverine (which is not available in the U.S. and results pertaining to it will not be presented).  It did not include oxybutynin gel or trospium’s once a day formulation.   Results relative to oxybutynin are presented.
Compared to placebo, all agents were deemed to be efficacious in most of the outcome variables 

Incontinence episodes decreased by at least 0.5 episodes per day in patients taking oxybutynin IR 15 mg or TDS, solifenacin, and tolterodine IR 4 mg and fesoterodine compared to placebo.  The probability of regaining continence by the end of the study was greater in patients taking oxybutynin IR 7.5/10 mg per day, oxybutynin TDS, tolterodine ER 4 mg, solifenacin, and trospium compared to placebo. All agents with data increased the volume per void.  The proportion of patients with improvement in symptoms of storage with oxybutynin IR 7.5-10 mg and tolterodine ER 4 mg was not statistically significant from placebo.   

Table 5 Individual agents, doses and formulations compared to placebo19 

	Mean Change in 
	Oxybutynin IR 

7.5 /10 mg 
	Oxybutynin IR 

15 mg/d 

	Incontinence epi/day 
	- 
	-0.74
-1.23, -0.26 

	Micturition/day 
	- 
	-0.92
-1.43, -0.40 

	Urgency epi /day 
	- 
	- 

	Volume/
void mL 
	- 
	39.52
30.19, 48.85 

	Pts Continent EOS
	3.53
1.94, 6.41 
	- 

	Pts w/ improvement 
	4.11
1, 16.9 
	- 


Row 1: Effect size (Risk ratios for dichotomous outcomes or unstandardized [weighted] mean difference for continuous variables.

Row 2: 95% Confidence Interval
Oxybutynin IR in doses of 7.5-10 mg and 15 mg per day increased the risk of withdrawal by 72% and 33% over placebo (Table 6).  Oxybutynin IR 7.5, 10 and 15 mg per day had withdrawal rates by 1.83 to 2.22 times that of oxybutynin ER (Table 6).

Withdrawals due to adverse events (ADE) were more probable with oxybutynin IR compared to placebo.  Fewer subjects withdrew when taking oxybutynin ER 5 mg than oxybutynin ER 15 mg (Table 6).

Table 6 Risk ratio of withdrawals due to any causes or adverse events19

	Comparison
	RR; 95% CI; p-value

	Any cause

Oxybutynin IR 15 mg > placebo
	1.33; 1.01-1.76; .04

	Oxybutynin IR 7.5-10 mg > placebo
	1.72; 1.18-2.49; <.01

	Oxybutynin IR 7.5-10 mg > Oxybutynin ER 15 mg
	2.22; 1.08-4.57; .03

	Oxybutynin IR 15 mg > Oxybutynin ER 15 mg
	1.83; 1.02-3.30; .04

	Adverse events
	

	Oxyb IR 7.5-10 mg > placebo
	1.91; 1.18-3.10; .01

	Oxyb IR 15 mg > placebo
	1.89; 1.23-2.90; <.01

	Oxyb ER 5 mg < Oxyb ER 15 mg
	0.27; 0.08-0.92; .04


Summary of efficacy findings 

Comment: Behavioral therapy, kegel exercises, and bladder retraining are common non-pharmacologic treatments used in the management of OAB and urinary incontinence prior to and in combination with medications.  Nonpharmacologic therapies are routinely not included in clinical trials and are usually are part of the exclusion criteria for enrollment if initiated within a specified period prior to enrollment or during the clinical trial.  Hence, data from clinical trials for antimuscarinic agents to treat OAB represent drug effect alone.

Oxybutynin ER vs. Placebo8
Analysis from three flexible dose studies of oxybutynin ER (368 patient completers with analyzable data) reported mean baseline weekly urge incontinence episodes ranging from 16.8 to 26.6 and weekly all incontinence episodes ranging from 18.4 to 33.8 across the final individualized dosing range (5, 10, 15, 20, 25, and 30 mg/day).  The 5 mg and 10 mg per day dose accounted for 43% of the final selected dose; 10 mg per day was the median and modal dose.  The reduction from baseline in urge incontinence episodes and for all incontinence episodes were 83% and 79%, respectively, for oxybutynin ER.  Across the dosing range, these reductions were >79% except for the 30 mg per day dose which resulted in decreases of 61% for urge and 54% for all incontinence episodes.  Overall, >80% of all subjects experienced at least a 70% reduction in urge and all incontinence episodes.  Total dryness was attained by greater than 40% of subjects with a dose between 5 mg and 25 mg/day, while only 19% taking 30 mg per day remained dry.

Oxybutynin IR vs. Oxybutynin ER Formulations9, 10
The efficacy and safety of oxybutynin IR and ER formulations were compared in a multicenter, randomized, double blind, parallel group, dose titration study.  One hundred-five men and women (>90%) were enrolled; per the protocol, all had previously responded to oxybutynin.  Following a one-week washout period and a one-week baseline period, subjects were randomized to 5 mg per day of the IR or ER formulation.  The dose could be increased by 5mg per day every 4 to 7 days until either the maximum dose was reached (5 mg QID for the IR and 30 mg/day of the ER), the maximum tolerated dose was reached, or the subject reported no urge incontinence episodes in the final 48 hours of each 4 to 7 day dose titration period.   Subjects were kept on their final dose for one week.  Subjects completed urinary diaries during the week of baseline and final dose. The study’s primary efficacy outcome measure was the difference in the mean number of urge incontinence episodes/week between baseline and the final week of study.

Ninety-three subjects (89%) had baseline and final week data for efficacy analysis.  Both the IR and ER formulations reduced the mean number of weekly urge incontinence episodes by the end of the study: IR 23.4/week to 3.1/week, an 88% decrease and the ER 27.4/week to 4.8/week, an 84% decrease.  The percentage of subjects who reported a “normal voiding frequency” increased in both groups: IR 17% and ER 54% (p<.001).  In both formulation groups, ~50% of subjects reported no urge incontinence episodes and ~40% reported total continence in the final week of study.  The dose to achieve total continence was distributed across the dosing ranges permitted by the study protocol.  An increase in mean change in volume voided was reported by both groups, 33.3 mL IR and 42.4 mL ER.  The change in post void residual was an increase of 18 mL for both groups.

The response in this trial, as measured by the primary outcome measure, is unusually high.  This should not be surprising nor misleading since all patients had to have demonstrated a previous response to oxybutynin prior to enrollment.

A 6-week, multicenter, randomized, double-blind, parallel-group, double-dummy design study comparing oxybutynin IR 5 mg twice a day and ER 10 mg once daily did not find a difference between the percentage of  subjects in the IR (58%) and ER (53%) treatment groups attaining daytime continence at the end of study.  Subjects were required to take the IR 5 mg twice a day for the 2-weeks prior to being randomized for the final 4 weeks of the study.  There were no differences in any of the secondary efficacy measures between the two formulations.

Oxybutynin ER vs. Tolterodine IR11, 12
The OBJECT study was a 12-week, prospective, double-blind, parallel-group clinical trial in which participants were randomized to oxybutynin ER, 10 mg/d, or tolterodine IR, 2 mg twice daily.  Forty-one percent of the 790 participants randomized had prior treatment for OAB.  Oxybutynin ER was significantly more effective than tolterodine in each of the main outcome measures: weekly urge incontinence (P=.03), total incontinence (P=.02), and micturition frequency episodes (P=.02) adjusted for baseline. Both drugs improved symptoms of overactive bladder significantly from baseline to the end of the study as assessed by the 3 main outcome measures (P<.001).  Although these differences in the main outcome measure are statistically significant, the difference was numerically small and the clinical significance questionable. 
Oxybutynin ER vs. Tolterodine ER13
The OPERA trial compared extended-release formulations of oxybutynin and tolterodine in 790 women with OAB over a 12-week period.  Nearly 90% of subjects in both treatment groups completed the study.  There was no statistical difference between the two drugs with respect to the study’s primary endpoint, mean weekly urge urinary incontinence episodes in the studies final week.  Nor, was there a statistical difference in the difference from baseline in the mean number of total incontinence episodes.  The decrease in mean weekly micturition frequency was greater for oxybutynin compared to tolterodine (p=.003).  A larger proportion of subjects reported no incontinence episodes in the last week of study with oxybutynin (23%) than tolterodine (16.8%), p=.03.  There was trend towards a difference in the proportion of subjects who reported no urge urinary incontinence episodes at the final assessment: oxybutynin (26.7%), tolterodine (20.9%), p=.06.  
Adverse Events (Safety Data)

Deaths and Other Serious Adverse Events 

No deaths attributable to oxybutynin were identified in the clinical trials.  Oxybutynin has been associated with delirium and confusion.  Like all anticholinergics, oxybutynin can increase heart rate via antagonism of the M2 receptors in the sinus node.  The use of anticholinergic drugs has been associated with increased cardiovascular events in persons with cardiac co-morbidities.  No studies have specifically addressed this association with the urinary antimuscarinics.
Common Adverse Events
Table 7 Common Adverse Events Reported in Package Inserts
	Adverse Event
	Oxybutynin IR

n=199

5-20 mg/d
	Oxybutynin ER

n=576

10 mg/d

	Severe
	
	6.8

	Dry mouth

Constipation

Abd. Pain

Dyspepsia

Nausea

Diarrhea
	71.4

12.6

6.5

7.0

10.1

5.0
	29.0

7.0

5.0

5.0

2.0

7.0

	Headache

Somnolence

Dizziness

Confusion
	6.0

12.6

15.6

2-5
	6.0

2.0

4.0

	Tachycardia
	2-5
	

	Urinary retention

UTI

Increased  

  PVR
	10.6

5.0

5.0
	5.0

	Dry eyes

Blurred vision


	9.0
	1.0

3.0


Side Effect Profile (focus on dry mouth, constipation and CNS effects)

Oxybutynin IR vs. Oxybutynin ER9, 14
The proportion of subjects reporting dry mouth, graded by severity, was a primary outcome of a double blind, placebo controlled, parallel group design trial comparing oxybutynin IR to the ER formulation.   Subjects were titrated to a 5, 10, 15 or 20 mg total daily dose based on a balance of response and tolerability of adverse effects.  Assessments were done at the end of a 1 week maintenance period with the completion of a subject dairy.  One hundred eleven subjects were randomized to oxybutynin IR and 115 to oxybutynin ER with 7 dropouts in each group.  Dry mouth was reported by 47% and 59% of the IR and ER subjects, respectively, p=.09.  The cumulative proportion of subjects with drug mouth did increase with dose and between formulations (Table 8).  A significantly greater proportion of subjects reported their dry mouth as moderate or severe with the IR formulation compared to the ER formulation across the dosing spectrum.

Table 8  Cumulative Proportion Reporting Dry Mouth by Severity, Dose and Formulation

	
	Dry Mouth, anya
	Dry Mouth, moderate and severeb

	Total Daily Dose
	Oxy ER
	Oxy IR
	Oxy ER
	Oxy IR

	5 mg
	18.9
	35.7
	3.6
	7.0

	10 mg
	39.5
	61.2
	8.5
	25.6

	15 mg
	56.8
	74.1
	19.4
	38.9

	20 mg
	80.1
	82.7
	39.5
	45.0


ap=.003 between groups

bp=.007 between groups

The rates of dry mouth from this trial should be interpreted cautiously when comparing to other trials since subjects had to already have been taking an anticholinergic agent to be eligible for inclusion.

A smaller dose titration study (n=105) conducted in subjects who’d previously responded to oxybutynin reported dry mouth as the most frequent anticholinergic adverse effect for both the IR (87% of subjects) and ER (68%) formulation, p=.04.    Moderate to severe dry mouth was more common with IR than ER formulation, 46% vs. 25%, respectively, p=.03.   Thirty percent of subject in each group reported constipation.

Oxybutynin ER vs. Tolterodine ER13
In the OPERA trial, significantly fewer subjects receiving 4 mg per day of tolterodine ER reported dry mouth compared to those randomized to 10 mg per day of oxybutynin ER, 22.3% vs. 29.7%, respectively, p=.02.  There were no differences in the rates of dry mouth considered to be mild (17.3% vs. 22.3%) or moderate-severe (5.0% vs. 7.4%).  Constipation was reported by 6.4% and 7.8% of subjects taking oxybutynin ER and tolterodine ER, respectively. 

Cognitive Function and CNS Effects57-23
An agent’s ability to cross the blood brain barrier is dependent on high lipophilicity, small molecular size, and lower electrochemical charge.  A counter to crossing into the CNS is whether the agent is a substrate to p-glycoprotein, which functions as an efflux pump and regulated by the MDRI gene.  Oxybutynin is one of the most lipophilic OAB agents.  It is unknown if oxybutynin is a p-glycoprotein substrate.  The association of delirium and impaired cognitive function with the use of medications with anticholinergic effects by older adults is well established.  Hence, the concern that the use of medications to treat OAB will place this population at risk, further impair cognition, or interact with cholinesterase inhibitors is genuine.  Unfortunately, limited controlled experimental information is available on the safety and effectiveness of OAB agents and CNS effects.  
Compared with placebo, single doses of oxybutynin IR 5  mg and 10 mg significantly impaired verbal learning and memory; attention and concentration; memory, scanning and motor speed; reaction time; and spatial memory in 12 healthy older (mean age 69 years) volunteers.  Oxybutynin’s effects were at least as great as those observed following a single 50 mg oral dose of diphenhydramine (the study’s fourth arm).

Another study compared the effects of darifenacin and oxybutynin ER on memory in 150 health subjects age 60 years and older.  Using a multicenter, double-blind, double-dummy, parallel-group design, subjects were randomized 1:1:1 to placebo once daily, darifenacin 7.5 mg once daily for 2-weeks, then 15 mg once daily for a 3rd week, or oxybutynin ER 10 mg once a day for Week 1, 15 mg Week 2, and 20 mg Week 3. Cognitive function was assessed at baseline and at the end of each week using a battery of computerized cognitive function tests.  Subjects averaged ~67 years of age, 60% were women and >90% were Caucasian.  At the end of 3 weeks, darifenacin had no significant on delayed recall compared to placebo using the Name-Face Association Test.  Oxybutynin ER resulted in significantly greater memory impairment than either placebo or darifenacin for delayed recall after weeks 2 and 3.  At no time did darifenacin differ from placebo.  No between treatment differences were noted in self-rated memory, visual attention, or psychomotor reaction times.

The effects of tolterodine, trospium, and oxybutynin on the CNS as measured by quantitative EEG (qEEG) were assessed in 64 healthy men between the ages of 18 and 35 years.  Subjects were randomized to placebo, oxybutynin 5 mg or trospium 15 mg every 5 hours for three doses, or to two doses of tolterodine 2 mg separated by a placebo dose 5 hours after the first dose (5 hours before the second dose or tolterodine).  qEEG assessments were done just prior and 4 hours after each dose of study medication under the conditions of eyes open, resting; eyes closed, resting; and during concentration performance.  

Trospium and tolterodine did not differ from placebo (10% confidence interval) in the 6 qEEG frequency bands studied regardless of the conditions, with exception of isolated power decreases in the theta frequency under eyes open and closed conditions, and alpha1 and beta1 bands under concentration performance testing conditions.  Oxybutynin lowered qEEG power significantly in the theta, alpha1, alpha2 and beta1 bands under eyes open conditions compared to placebo. These effects were present throughout the day and cumulative, being most pronounced after the third dose of medication.  Under eyes closed, resting conditions, oxybutynin significantly reduced theta, alpha1, alpha2, beta1, and partially delta frequencies compared to placebo. Under mental performance conditions and compared to placebo, oxybutynin significantly lowered the qEEG power in the theta, alpha1, alpha2 and beta1 bands.  The authors concluded that the oxybutynin changes in qEEG support the different pharmacologic profiles of oxybutynin, tolterodine, and trospium with respect to their ability to penetrate the CNS.

Investigators compared the CNS effects of trospium and oxybutynin as measured by quantitative EEG in 12 healthy males.  Single doses of oral oxybutynin 20 mg, oral trospium 30 mg, and intravenous trospium 1.2 mg were given 20 minutes after the start of EEG recording and continued for 240 minutes during which time subjects were instructed to have their eyes open or closed, or preformed a psychometric test in 5 minute rotating intervals.  Ten of the 12 subjects had data that was analyzable.  Oxybutynin significantly and irreversibly decreased alpha1 and alpha2 wave power over the 4 hours under all three conditions.  Oral and intravenous trospium did not produce statistically significant changes in alpha waves.  The authors concluded that these findings support the assumption that trospium does not cross the blood-brain barrier, and that oxybutynin does.

A sub-analysis of the OPERA trial did not find significant differences in the incidence of any CNS adverse effect (9% vs. 8.3%), dizziness (3.8% vs. 2.5%), somnolence (1% vs. 2.3%), insomnia (1.8% vs. 0.8%), depression (1.3% vs. 0.8%), and hypertonia (0.5% vs. 1%) for the extended-released formulations of oxybutynin and tolterodine, respectively.  There were no differences in the severity of adverse effects between the two medications, with all being considered mild or moderate.  The majority of adverse effects occurred in the first month of treatment for both medications.  

Investigators conducted a randomized, double-blind, cross-over study to determine the effects of single doses of oxybutynin (15 mg), tolterodine (4 mg), trospium (45 mg) and placebo on sleep and cognitive function in 24 healthy adults age 22 to 36 years.  Each treatment arm was separated by 8-weeks.  The percent of time spent in REM differed between oxybutynin and trospium (18.4% vs. 20.2%, p<.05).  After placebo, patients spent 20.1% in REM sleep.  REM latency was greatest with oxybutynin (90 minutes) than tolterodine (71 minutes), trospium and placebo (both 65 minutes).   Oxybutynin also slightly shortened sleep onset latency by about 3 minutes.   There were no significant differences between the treatments with respect to cognitive function or reaction times.  It is unknown whether these effects would be of clinical significance in older patients with OAB.

Special Populations

Men24
Women have been the principal participants in clinical trials of the antimuscarinic agents accounting for 75% to 100% of participants.  Of the studies enrolling both genders, typically 10% to 25% were men.  Gender specific analyses of efficacy and safety trials have not been published and it is assumed that men and women respond similarly to these medications.

While these agents are generally considered safe in men, drug-induced urinary retention is possible and may result in permanent bladder dysfunction if not recognized and treated.  Men at particular risk for this complication include those have not had a TURP and who have some symptoms of voiding difficulty, diabetics, those with elevated post void residual volumes (e.g., >150-200 mL), and/or low peak urinary flow rate less  than 10 mL/second, those with neurological disorders (other than dementia), and those taking other drugs with anticholinergic activity.

It is important that clinicians recognize that the lower urinary tract symptoms (LUTS) of OAB and bladder outlet obstruction (BOO) or BPH are identical.  In addition, 20% to 45% of men with LUTS have symptoms despite the absence of an obstruction.

In spite of the label warnings that all these agents are contraindicated in patients at risk for urinary retention, there is a growing interest in treating men with BOO and OAB with concomitant alpha-blocker and antimuscarinic agents.  The evidence for combination therapy comes from recent discoveries and understanding of the pathologic-induced changes in adrenergic and muscarinic receptors and clinical trials.

Oxybutynin ER 10 mg/day in combination with tamsulosin 0.4 mg/day significantly improved LUTS scores, storage and QoL compared to placebo plus tamsulosin combination.  A post void residual >300 mL occurred in 2.9% of men randomized to the active combination compared to 0.5% assigned to the placebo plus tamsulosin combination (NS).

Use in Pregnancy and by Women Who Are Breastfeeding
Oxybutynin is FDA Category B.  
It is unknown whether oxybutynin is excreted in human milk; therefore caution should be exercised if taken by nursing women.

Use in Dementia20, 25-26
Urinary incontinence and dementia are frequent co-morbid conditions and the use of anticholinergic medications can worsen cognitive function, particularly in patients with Alzheimer’s disease.  Cholinesterase inhibitors are often used in the treatment of Alzheimer’s disease and are known to cause detrusor instability and either worsens urinary incontinence or its symptoms.

The cognitive effects of oxybutynin ER 5 mg have been compared to placebo in a 4-week, multi-nursing home study.  Fifty female nursing home residents with mild to severe cognitive impairment and urinary incontinence were randomized to daily oxybutynin ER 5 mg or placebo.  Mean baseline Mini Mental Status Exam (MMSE) score was 14.5.  Cognitive status was assessed by the Confusion Assessment Method, MMSE, Severe Impairment Battery, Brief Agitation Rating Scale at baseline, 0, 1, 3, 7, 14, 21 and 28 days.  Ninety-two percent of subjects completed the study.  No difference in the change in any of the cognitive measures was found and both treatments were well tolerated.  Limitations of this study are that efficacy measures for urinary incontinence were not collected so it is not possible to determine if a 5 mg dose was effective and the 10 mg dose was not used in patients with a lack of response to 5 mg, so it is unknown if this would have affected cognition.

  The effect of concurrent use of oxybutynin or tolterodine with a cholinesterase inhibitor in 3,536 nursing home residents was investigated using merged Social Security Administration and Minimum Data Set (MDS) databases.  The nursing home residents were 75% women, 44% were age 85 and older, >50% had severe or very severe cognitive impairment, and 47% had severe or complete dependence in activities of daily living (ADL) function.  The median duration of dual use of an antimuscarinic and cholinesterase inhibitor was 141 days (77-262 days).  There was no difference in the change on the MDS cognitive subscale per quarter when the residents were divided into four quartiles of cognition ranging from intact to very severe impairment.  The average decline per quarter in ADL score (0-28) was 1.08 for those taking a cholinesterase inhibitor and 1.62 for those on dual treatment, a 50% greater rate of quarterly decline. The only group in whom the change in ADL function was significant were those with no or little dependence at baseline (-0.53/quarter, p=.02).  The ADL scores of residents with moderate, severe, or complete dependence did not change significantly.  Rates of decline in ADL and cognitive function did not differ between oxybutynin and tolterodine, or between IR and ER formulations.

Tolerability

Data on withdrawals from treatment are presented in Table 6.
Contraindications

Oxybutynin is contraindicated in patients with urinary retention, gastric retention, uncontrolled narrow-angle glaucoma, or those at risk for these conditions, a severe G.I. motility condition, and in patients with hypersensitivity to the active or inert ingredients in a product.  
Warnings and Precautions

Use with caution in patients with bladder outflow obstruction, angle-closure glaucoma (treated), hyperthyroidism, reflux esophagitis (including concurrent therapy with oral bisphosphonates or drugs which may increase the risk of esophagitis), heart disease, hepatic or renal disease, prostatic hyperplasia, autonomic neuropathy, ulcerative colitis, hypertension, hiatal hernia, myasthenia gravis, dementia, ulcerative colitis, or intestinal atony. May increase the risk of heat prostration. May cause anticholinergic effects or CNS depression.

Sentinel Events

No data.
Look-alike / Sound-alike (LA / SA) Error Risk Potential3
As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name Oxybutynin:  Oxycontin
LA/SA for trade name Ditropan XL:  Detrol, diazepam, Diprivan, dithranol
Drug Interactions

Drug-Drug Interactions

Oxybutynin is an inhibitor of the cytochrome P450 3A4 and 2D6 isozymes.  The extent which these interactions have been studied is minimal.  Oxybutynin has the potential to increase the anticholinergic burden of patients taking other medications with anticholinergic activity increasing their risk for adverse effects and toxicity.  Oxybutynin can potentially increase the risk for sedation when taken with other drugs with sedating effects.

Table 9  Drug-Drug Interactions

	Agent
	Mechanism of Interaction
	Effect of Interaction

	Oxybutynin
	· Competitive substrate inhibition via CYP 3A4;

· Inhibition of CYP 2D6 

· Inhibition of CYP3A4


	· Probably minimal; oxybutynin is a minor substrate for 3A4 and a weak inhibitor of 2D6 and 3A4.

· Potent inhibitors of CYP3A4 (e.g., ketoconazole) can increase oxybutynin concentrations.


Acquisition Costs

Table 10 Drug Cost by Strength and Formulation

	Generic name
	Brand (Manufacturer)
	Strength & Formulations
	*Cost per day, $

	Oxybutynin chloride
	Ditropan (generic)
	  5 mg tablet
	0.05-0.18

	Oxybutynin chloride extended-release 
	Ditropan XL (J&J HC, various generics)
	  5 mg extended-release tablets

10 mg extended-release tablets

15 mg extended-release tablets
	0.57-2.54

0.57-2.54

0.76-2.61


*FSSR or BIG 4 costs based on usual adult dose as of March 7, 2011
Conclusions

In direct comparison trials, the efficacy of oxybutynin ER was similar to the IR formulation in most outcome measures. The ER form did demonstrate a greater percentage of reporting a normal voiding frequency in known oxybutynin responders.  The OPERA trial found that oxybutynin ER decreased mean weekly micturition frequency and resulted in a greater proportion of patients without any incontinence episodes in week 12 compared to tolterodine ER.
Oxybutynin IR is appropriate for many patients, but in doses greater than 7.5 mg per day it is associated with more frequent anticholinergic side effects, dry mouth in particular.  At equivalent daily doses, moderate and severe dry mouth occurs 2 to 3 times more often with the IR form compared to oxybutynin ER.

Oxybutynin ER is an appropriate selection when more than 5 mg per day is needed to obtain therapeutic benefit or when all day treatment is needed for urinary incontinence.
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