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Introduction

Epidemiology1
Urinary incontinence is believed to affect nearly 13 million Americans, although the actual prevalence is believed to be greater due to under reporting.  Older adults are most frequently affected with a prevalence 50-55% in institutionalized adults, and 11-34% and 17-55% of community-dwelling older men and women, respectively.  Adults less than 65 years are also affected, with bladder control problems being more common in women (12-42%) than men (3-5%).

Risk factors for urinary incontinence are listed below:

Cognitive impairment


Estrogen depletion

Cerebral vascular accident

High-impact physical activities

Chronic degenerative diseases 

Low fluid intake

  that impair mobility


Morbid obesity

Diabetes



Pregnancy with vaginal delivery and episiotomy

Environmental barriers


Smoking

Urinary incontinence and overactive bladder (OAB) in particular, has a negative impact on health-related quality of life.  Examples include restricting or eliminating a patient’s activities if they are unfamiliar with bathroom availability, choosing not to work or socialize for fear of accidents, social isolation, poor self-esteem, and depression.  Urinary incontinence affects spouses and caregivers by limiting their social mobility too.  Incontinence is often the last straw, resulting in nursing home placement.

Evaluation and Management

Prior to initiation of drug therapy, patients suspected of having OAB should be evaluated for reversible causes such as caffeine intake, diuretic use, alcohol intake, and constipation.  Nonpharmacologic therapies should also be initiated prior to drug therapy.

Focus of the Review

This drug class review will focus on antimuscarinic agents for the treatment of OAB which is classified by the International Continence Society (ICS) as a syndrome for which no precise cause has been identified, with local abnormalities ruled out by diagnostic evaluation.  
Overactive bladder, as defined by the ICS, consists of urinary urgency with or without urinary incontinence, usually with urinary frequency and nocturia.  Overactive bladder is also referred to as urge incontinence or detrusor instability and along with stress incontinence is also a component of mixed incontinence.  Urge is defined by the ICS as is involuntary loss of urine occurring for no apparent reason while suddenly feeling the need or urge to urinate.
The review will also address whether there is evidence to support the efficacy and tolerability claims of agents and formulations included in this review and how they may affect the VA patient populations.

Specific questions include:

1. Are there differences in efficacy/effectiveness between the agents and dosage forms?

2. Are there differences in the frequency of nocturia between the agents and dosage         forms?

3. Are there differences in the frequency/rate between the agents and dosage forms with respect to dry mouth, constipation, cardiovascular, or CNS adverse effects?

4. Is there sufficient evidence to support the claims that quaternary amines or tertiary amine with lower lipophilicity results in fewer or a lower risk for CNS adverse effects?

5. Are there differences in quality-of-life differences between the agents and dosage forms?

FDA-Approved Indications and Off-Label Uses2-9

All agents covered by this review are labeled for the treatment of OAB with symptoms of urge incontinence, urgency and urinary frequency (Table 1). Oxybutynin extended-release (Ditropan XL) is also labeled for pediatric patients aged 6-years and older with symptoms of detrusor overactivity associated with a neurological condition (e.g., spina bifida).

Table 1. Medications for OAB Included in This Drug Class Review
	Generic name
	Brand (Manufacturer)
	Strength & Formulations

	Oxybutynin chloride
	Ditropan (generic)
	5 mg tablet, 5 mg/mL syrup

	Oxybutynin chloride extended-release 
	Ditropan XL (J&J HC, various generics)
	5 mg, 10 mg, 15 mg extended-release tablets

	Oxybutynin  chloride transdermal
	Oxytrol (Watson)
	3.9 mg/day patches (39 mc2, 36 mg oxybutynin)

	Oxybutynin gel
	Gelnique (Watson)
	10% gel 1 gm packets (contains ethanol)

	Tolterodine tartrate
	Detrol (Pharmacia/Pfizer)
	1 mg, 2 mg tablet

	Tolterodine tartrate extended-release
	Detrol LA (Pharmacia/Pfizer)
	2 mg, 4 mg extended-release capsules

	Trospium chloride
	Sanctura (Allegan/Indevus)
	20 mg tablet

	Trospium chloride

extended -release
	Sanctura  XR Allegan/Indevus)
	60 mg capsule

	Solfenacin succinate
	Vesicare (Astellas/GlaxoSmithKline)
	5 mg, 10 mg tablets

	Darifenacin hydrobromide
	Enablex (Novartis/Warner Chilcott)
	7.5 mg, 15 mg extended-release tablets

	Fesoterodine fumarate
	Toviaz (Schwarz Bioscience/Pfizer)
	4 mg , 8 mg extended-release tablets


Off-label uses reported for these agents include other forms of urinary incontinence, irritable bowel syndrome (darifenacin), primary enuresis (trospium), and urinary incontinence due to involuntary detrusor muscle contraction including neurogenic bladder (oxybutynin).

Oxybutynin immediate-release (IR) and extended-release (XL,SA) are the only OAB agent on the VA National Formulary.

Methods

This review is limited to the antimuscarinic agents indicated for the treatment of OAB including oxybutynin, tolterodine, trospium, solifenacin, darifenacin, fesoterodine. All dosage forms were included in this review.  Other agents were excluded if they had a level of evidence/grade of recommendation less than 1A by the International Consultation on Urological Diseases, are infrequently used, or are not available in the United States.

Information published up to and including August 2010 was reviewed.  Computerized databases, including MEDLINE were searched for literature on the pharmacokinetics, pharmacodynamics, safety and efficacy of the anticholinergic agents. Additionally, evidence-based resources such as Cochrane were searched for these same criteria. Clinical trials and meta-analysis publications were included in the review. Only articles published in English were considered. Additional trials and material were identified from the reference lists of previously identified articles.  Package inserts and other materials provided by manufacturers were also reviewed and included.

Pharmacology1, 2-8, 10-12

The mechanism of action for all of these agents 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.

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.

In addition to its anticholinergic effects, oxybutynin has direct antispasmodic effect on smooth muscles.

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.  The location and known function of muscarinic receptors (M1-5) are shown in Table 2.

Table 2  Muscarinic Receptor Subtypes: Location and Response
	Muscarinic

Receptor
	Location 
	Response

	M1
	Autonomic ganglia of secretory glands, CNS, urethra, vascular smooth muscle
	Smooth muscle contraction, gastric acid secretion, memory and learning

	M2
	Heart, respiratory tract, bladder, urethra, G.I. tract, uterus smooth muscle
	Regulate heart rate and contractility; constipation

	M3
	Smooth muscle and secretory glands; respiratory tract; bladder and the G.I. tract including salivary glands, eyes
	Dry mouth, blurred vision

	M4
	Smooth muscle and secretory glands; respiratory tract
	Dry mouth

	M5
	Ciliary muscle; eyes
	Dry mouth, blurred vision


The binding affinities (pKi) of the individual OAB agents and the muscarinic receptors are shown in Table 3 with atropine as a reference.  Darifenacin is the only agent considered to be selective for the M3 receptor.  Oxybutynin and solifenacin are considered to have minimal M3 selectivity over M2 receptors.  M3 selectivity is believed to minimize anticholinergic adverse effects, primarily dry mouth.  

Table 3 Medications for OAB and 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

	Tolterodine
	Tertiary amine
	8.8
	8.0
	8.5
	7.7
	7.7
	None

	Trospium
	Quaternary amine
	9.2
	9.2
	9.3
	9.0
	8.7
	None

	Darifenacin
	Tertiary amine
	8.2
	7.4
	9.1
	7.3
	8.0
	M3 selective

	Solifenacin 
	Tertiary amine
	7.6
	6.9
	8.0
	Unkn
	Unkn
	M3>M2, minimal

	Fesoterodine, 5-HMT
	Tertiary amine
	9.5
	9.2
	8.9
	8.7
	9.2
	None

	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. 5-HMT = 5 hydroxymethyl-tolterodine

Relative Lipophilicity

A compound's lipophilicity is correlated with its ability to cross the blood brain barrier and exert CNS effects such as delirium.  Based on theoretical calculations to determine the log P and dipole moment of amines, the relative ranking of lipophilicity and potential ease for crossing the blood-brain barrier are the following: Darifenacin>Oxybutynin/Solifenacin>Tolterodine>Trospium

Based on the log D, octanol-water ratio, an alternative measure of lipophilicity, this ranking would be: oxybutynin>darifenacin>tolterodine>solifenacin> 5-HMT (fesoterodine)>trospium. 
Pharmacokinetics2-8, 11, 13-15

The pharmacokinetic parameters of the antimuscarinic agents are shown in Table 4.

Table 4: Pharmacokinetics of Anticholinergic Agents for OAB

	Parameter
	Oxybutynin IR
	Oxybutynin ER
	Oxybutynin TDS
	Oxybutynin

gel
	Tolterodine

IR
	Tolterodine

ER
	Trospium
	Tospium ER
	Darifenacin
	Solfenacin
	Feso-

terodine

	F (%)
	1.6 – 10.9
	NA
	High
	High
	7% absolute, 

77% systemic
	>77

(10%-74%)
	<10, decreased with food
	NA
	15-19 EM
	90
	52% 5-HMT

	Onset, h
	0.5 – 1.0
	0.5 - 1.0
	4 - 6h
	NA
	Rapid
	NA
	NA
	NA
	NA
	NA
	

	Peak, h
	3 – 6 
	NA
	36 h
	NA
	1-2
	2-6
	5-6
	5
	7
	3-8
	~5  

	Protein binding, %
	NA
	NA
	NA
	NA
	α1 acid glycoprotein

Parent: >90%

DD01: 74%
	α1 acid glycoprotein

Parent: >90%

DD01: 74%
	48-78
	48-78
	98, α1 acid glycoprotein
	98%, α1 acid glycoprotein.
	~50% albumin and α1 acid glycoprotein 

	Vd, L
	193
	193
	193
	193
	113
	NA
	395
	395
	163
	600
	169

	Elimination
	<0.1% urine
	<0.1% urine
	<0.1% urine
	<0.1% urine
	77% unchgd

17% fecal

1% renal
	77% unchgd

17% fecal

1% renal
	85% fecal

~6% urine

3% unchanged
	85% fecal

~6% urine

3% unchanged
	60% urine

40% fecal
	69% urine, <15% unchanged

23% fecal
	70% urine

16% 5-HMT

53% inactive

	Metabolism
	1st pass extraction

3A4 major
	1st pass extraction

3A4 major
	Avoids 1st pass metabolism
	Avoids 1st pass metabolism
	1st pass extraction

2D6 major

3A4 minor (major 

for PM)
	1st pass extraction

2D6 major

3A4 minor (major for PM)
	Not known, believed to be ester hydrolysis followed by conjugation with glucuronic acid
	Not known, believed to be ester hydrolysis followed by conjugation with glucuronic acid
	3A4 major

2D6 minor
	N-oxid.

4-R hydrox

3A4
	Pro-drug converted to 5-HMT by nonsp. esterases

5-HMT met. by 2D6 and 3A4

	Active met.
	N-desethyl-oxybutynin
	N-desethyl-oxybutynin
	N-desethyl-oxybutynin
	N-desethyl-oxybutynin
	5-hydroxy methyl 

(5-HMT)

2 others
	5-hydroxy methyl

(5-HMT)

2 others
	None
	None
	None
	 4-R hydrox


	5-HMT

	Half-life, h
	Parent 64

Met.   82
	Parent 64

Met.   82
	Parent 64

Met.   82
	Parent 64

Met.   82
	~2 EM

~10 PM
	~7 EM

~18 PM
	20

~33 if CrCl <30
	36
	13-19
	45-68, chronic dosing
	 5-HMT ~7

	Duration, h
	6-10
	<24
	3-4 days
	~24
	<12 
	<24
	<12
	<24
	<24
	<24
	< 24

	PgP substrate
	NA
	NA
	NA
	NA
	NA
	NA
	Yes
	Yes
	Yes
	No
	Yes, 5-HMT


EM = extensive metabolizers, PM = poor metabolizers

NA = not available, PgP = p-glycoprotein efflux pump out of CNS.

Oxybutynin

Oxybutynin’s pharmacokinetic parameters are dependent on its formulation.  The IR tablet results on a wide fluctuation of peak and trough plasma concentrations.  The extended-release (ER) tablet employs an osmotic drug delivery system consisting of a semipermeable membrane surrounding a bi-layer core.  Drug is released 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.

The transdermal system (TDS) consists of three layers with the middle layer being a reservoir for active drug.  Oxybutynin TDS relies on passive drug absorption across the stratum corneum, thus bypassing first pass extraction by the gi tract and liver resulting in lower concentrations of the active metabolite N-desethyloxybutynin to parent drug concentration ratio.  On average, 3.9 mg of oxybutynin is absorbed daily from a 39 cm2 patch.  Patients’ naïve to oxybutynin will show a steady increase in oxybutynin plasma concentration over the initial 24 to 48 hours and attain peak concentrations of 3 to 4 ng/mL.  When the initial patch was removed after 96 hours of wear and the application of a new patch, patients are expected to be at steady-state concentration for 96 hours.  Bioequivalence has been shown when the patch has been applied to the abdomen, buttocks, and hip.

Oxybutynin delivered as a 10% gel in 1 gram packet delivers approximately 4 mg of oxybutynin per day.  Bioequivalence has been shown when applied to the abdomen, thigh, or upper arm/shoulder.  The gel conveys the same rationale for advantages as the TDS.  

Tolterodine

Tolterodine IR 2 mg twice a day and ER 4 mg once a day have similar bioavailability with equivalent area under the plasma curves (AUC).  Tolterodine ER peak and trough concentrations are 75% and 150% of the IR formulation, respectively.  The time-to-peak for the ER formulation is delayed compared to the IR formulation.    Tolterodine is >90% bound to alpha1-acid glycoprotein.  Tolterodine is extensively metabolized by the CYP2D6 isozyme in the liver to produce the active metabolite 5-hydroxymethyl tolterodine which is further metabolized to 5-carboxylic acid and N-dealkylated 5-carboxylic acid which are then eliminated renally.  5-hydroxymethyl tolterodine has a half-life of 10 hours.  

Tolterodine’s metabolic pathway differs in persons who are deficient in the CYP2D6 isozyme (“poor metabolizers”) or taking a potent 2D6 inhibitor.  These individuals have higher parent drug concentrations and are more reliant on secondary metabolic pathways of dealkylation by the CYP3A4 isozyme resulting in N-dealkylated tolterodine.

Trospium

Trospium is a quaternary ammonium compound with relatively poor bioavailability; only 10% of an oral dose reaching the systemic circulation.  The fraction absorbed is further reduced in the presence of food, particularly when taken following a high fat meal (a 70% to 80% reduction in AUC and peak concentration).  Therefore, the manufacturer recommends that trospium be taken under fasting conditions.  Women between the ages of 60 and 70 years were found to have peak concentrations and AUC that were 26% and 68% higher than men in the same age group.  No dose adjustments are recommended based on this finding.

Trospium is minimally metabolized by the CYP system, rather its major metabolic pathway is believed to be ester hydrolysis to two inactive metabolites which undergo conjugation and are renally cleared.  Sixty percent of the drug that reaches the systemic circulation is excreted unchanged in the urine presumably via active tubular secretion.  Trospium’s elimination half-life is prolonged in patients with a creatinine clearance <30 mL/min and the manufacturer recommends that these patients dose be 20 mg per day.

Darifenacin
Darifenacin is marketed as an extended-release tablet.  The presence of food does not affect its bioavailability which in extensive metabolizers is 15% and 19% for the 7.5 mg and 15 mg doses, respectively.  Darifenacin is 98% bound to plasma proteins, primarily alpha1-acid glycoprotein.  Darifenacin is metabolized by the CYP2D6 and 3A4 in the liver.  Individuals who are CYP2D6 deficient (poor metabolizers) are largely dependent on the 3A4 pathway.  Elimination is in the urine and feces.

Solifenacin

Solifenacin is well absorbed following oral dosing with an absolute bioavailability of ~90%.  The drug is highly bound to plasma proteins, 98%, principally alpha1-acid glycoprotein.  Solifenacin is extensively metabolized with the primary site being the liver via the CYP3A4 isozyme.  Four metabolites are produced; only one is active, 4R-hydroxy solifenacin.  Less than 15% of a dose is excreted unchanged in the urine.  Solifenacin’s plasma half-life is 45 – 68 hours with chronic dosing.  Age was not shown to affect solifenacin’s pharmacokinetics to the extent that would be considered clinically significant.

Fesoterodine

Fesoterodine is short-lived being rapidly converted by nonspecific esterases to its principle active metabolite 5-hydroxymethyl tolterodine (5-HMT).  Fesoterodine is not detectable in plasma.  The bioavailability of 5-HMT is 52%.  Food does not clinically affect the bioavailability of fesoterodine or 5-HMT.  5-HMT inactivation is by the CYP3A4 and CYP2D6 enzymes.  The presence of CYP2D6 deficiency, poor metabolizers, was found to increase 5-HMT Cmax and AUC 1.7 and 2.0 times, respectively, than those of extensive metabolizers.  Daytime and nighttime administration of fesoterodine did not have clinical significance on its pharmacokinetics in extensive metabolizers. Patients with mild or moderate renal impairment (CLCR ranging from 30-80 mL/min), have Cmax and AUC of 5-HMT that are 1.5- and 1.8-fold greater, respectively, as compared to healthy subjects. In patients with severe renal impairment (CLCR < 30 mL/min), Cmax and AUC were increased 2.0- and 2.3-fold, respectively.  Patients with moderate (Child-Pugh B) hepatic impairment, Cmax and AUC of the 5-HMTwere increased 1.4- and 2.1-fold, respectively, as compared to healthy subjects.

No dose adjustment is recommended in patients with mild or moderate hepatic impairment. Subjects with severe hepatic impairment (Child-Pugh C) have not been studied and fesoterodine is not recommended for use in these patients Race, gender, and age do not significantly alter 5-HMT pharmacokinetics.

Dosing and Administration1-9

Table 5 Dose, Frequency and Administration of Antimuscarinic Agents 

	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

	Oxybutynin TDS

l
	3.9 mg/day patch applied q3-4 days.
	Apply to dry, intact skin on the abdomen, hip or buttocks.  Apply each patch to a new site; avoid reapplying to the same site within 7 days.

	Oxybutynin gel
	1 sachet (1 gm) applied daily
	Apply to the abdomen (stomach area), upper arms/shoulder, and thigh once daily.  Rub into skin until dry.

	Tolterodine IR


	1 – 2 mg BID
	Use 1 mg BID for patients taking concurrent CYP3A4 inhibitors.  Food increases bioavailability 53%.

	Tolterodine ER


	2 – 4 mg once daily
	Use 2 mg once daily for patients taking concurrent CYP3A4 inhibitors.

	Trospium
	20 mg BID
	Take on an empty stomach

	Trospium XR
	60 mg once daily
	Take on an empty stomach

	Darifenacin
	7.5 - 15 mg daily
	Starting dose 7.5 mg daily, increase to 15 mg daily no sooner than 2-weeks after starting.  Tablet should be swallowed whole; may be taken without regard to food.

	Solfenacin
	5 mg daily; Max. 10 mg daily
	May take without regard to food.

	Festoterodine
	4 mg daily; Max. 8 mg daily
	May take without regard to food.  Tablet is to be swallowed whole and not crushed, chewed or split.


Table 6.  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
	NR
	NR

	Oxybutynin ER 


	Initial dose: 5 – 10 mg daily
	NR
	NR

	Oxybutynin TDS


	3.9 mg/day applied q3-4 days
	NR
	NR

	Tolterodine IR


	1 – 2 mg BID
	CrCl 10-30 mL/min: 1 mg BID
	1 mg BID

	Tolterodine ER


	2 – 4 mg daily
	CrCl 10-30 mL/min: 2 mg daily
	2 mg daily

	Trospium IR and XR
	>75 years: 20 mg daily
	CrCl<30 mL/min: 20 mg daily at bedtime; XR not recommended
	Use with caution in patients with moderate and severe hepatic dysfunction

	Darifenacin
	NR
	NR
	Moderate impairment: Maximum  7.5 mg daily

	Solfenacin
	NR
	CrCl<30 mL/min: Maximum 5 mg daily
	Moderate impairment: Maximum dose 5 mg daily

Avoid if severe impairment

	Fesoterodine
	NR
	CrCl <30 mL/min:

Maximum 4 mg daily
	Moderate impairment (C-P class B NR

Severe (C-P class C) not recommended, not studied


NR- no dose adjustment required

Contraindications2-9

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

Efficacy

Efficacy Measures

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 Reviews17-20

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 (RR 1.41; 95%CI 1.29 to 1.54), about 1 less leakage episode per 48 hours (estimated mean difference in 24 hours 0.6, 0.4 to0.8), and about 1 less micturition in 48 hours (estimated mean difference in 24 hours 0.6, 0.4 to 0.8) compared to those taking placebo.  Changes in urodynamic measures included a larger increase in maximum cystometric capacity (estimated mean difference 49 mL, 38 to 61 mL), a greater increase in volume at first contraction (52 mL, 38 to 67 mL), and no difference in residual volume (3.5 mL, 0.1 to 6.8 mL) 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 (RR 1.05, 0.81 to 1.38).  Dry mouth, the most frequently reported adverse effect, was significantly more common in subjects treated with an anticholinergic than placebo (RR 2.56, 2.24 to 2.92).  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 analysis was under taken to respond to criticisms of the above Cochrane review in that ‘its cover statement and conclusions did not appear to reflect the results of the review, specifically, that the outcome measures were not necessarily the most pertinent outcomes to patients with OAB.’  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 (something the Cochrane review did not attempt).  

The 2008 review included the studies from the original analysis (a total of 11,663 references were identified and screened and 438 were reviewed in detail) and reviewed 1118 additional references and including 88 publications in the updated analysis. The totals for the final analysis were 211 publications 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.

Compared to placebo, all agents were deemed to be efficacious in most of the outcome variables (Table 7).  Exceptions were fesoterodine and return to continence, and trospium and incontinence episodes per day due to an absence of data.  Also, fesoterodine, solifenacin, and tolterodine were the only agents superior to placebo in decreasing the number of urgency episodes per day.

Table 7 Efficacy of individual agents (composite of all doses and forms) vs. placebo and active controls

	Measure
Mean change 
	*Outcome 
	Range
Pooled RR or
Mean change epi/day 

	Return to Continence 
	Active > Placebo
Active = Active 
	1.3 – 3.5, p<0.01 

	Incontin. epi/day 
	Active > Placebo
Active ≈ Active

Feso 8 mg>Tolt ER 4 mg in 1 study
	0.4 – 1.1, p<0.05 

	Micturition/day 
	Active > Placebo
Active ≈ Active

Solif 10 mg>Tolt IR 4 mg;

Solif 10 mg > Solif 5 mg
	0.5 – 1.3, p<0.05 

	Urgency epi /day 
	Feso, Solif, Tolt > Placebo
Active ≈ Active

Solif 10 mg > Tol6 IR 4 mg;

     Solif 10 mg > Solif 5 mg
	0.64 – 1.56 

	Volume/void mL 
	Active > Placebo
Active ≠ Active

Solif 10 mg > Tolt IR 4 mg;

Solif 10 mg > Solif 5 mg;

Feso 8 mg > Tolt ER 4 mg

Oxyb IR 15 mg>Tolt IR 4 mg
	13 – 40 mL, p<0.05 


*Only includes comparisons were data were available and usable

Among the individual agents, dose and preparations comparisons to placebo (Table 8), patients taking solifenacin or tolterodine ER 4 mg experienced more than one fewer episodes of urgency per day than those taking placebo.  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.  Solifenacin, tolterodine IR and ER, and oxybutynin TDS all decreased the micturition frequency 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 was significantly greater for fesoterodine than placebo.  The difference noted with oxybutynin IR 7.5-10 mg and tolterodine ER 4 mg was not statistically significant.   

Analysis of the active control trials found that solifenacin 5 mg and 10 mg resulted in a mean decrease in urgency episodes per day by ~1 compared to tolterodine IR 4 mg per day (Table 7).  Solifenacin 10 mg per day also decreased the frequency of micturition compared to tolterodine IR 4 mg (difference in mean changes 0.73 (95% CI: 0.19-1.27, p=.01).  Incontinence episodes were reduced by fesoterodine 8 mg per day compared to tolterodine ER 4 mg in one study (mean difference 0.48 episodes per day (0.04-0.92, p=.003).  Solifenacin 10 mg increased the volume per void greater than tolterodine IR 4 mg (14.8 mL; 95% CI 6.2-23.4; p<.01) and greater than solifenacin 5 mg (7.3 mL; 95% CI 2.2-12.3; p<.01).  Fesoterodine 8 mg increased the volume voided more than tolterodine ER 4 mg (10 mL; 95% CI 0.8-19.2; p=.03).  Oxybutynin IR 15 mg per day increased the mean volume per void by 13.3 mL compared to tolterodine IR 4 mg (95% CI 4.3-22.3; p<.01).

Table 8 Individual agents, doses and formulations compared to placebo19 

	Mean Change in 
	Oxyb IR 

7.5 /10 mg 
	Oxyb IR 

15 mg/d 
	Oxyb TDS

4 mg
	Tolter ER 

4 mg 
	Tolter IR 

2 mg 
	Solifen
5 mg/d 
	Solifen
10 mg/d 
	Trospium
40 mg/d 
	Darifen.
	FESO
4 mg/d 
	FESO
8 mg/d 

	Incontin. epi/day 
	- 
	-0.74
-1.23, -0.26 
	-0.58
-1.05, -0.11 
	-0.4
-0.42, -0.38 
	-0.21
-0.56, 0.14 
	-0.77
-1.02, 0.52 
	-0.81
-1.06, -0.56 
	- 
	- 
	-0.81
-1.27, -0.35 
	-1.08
-1.52, -0.64 

	Micturition/day 
	- 
	-0.92
-1.43, -0.40 
	-0.54
-0.99, -0.10 
	-0.77
-0.96, 0.58 
	-0.67
-1.07, -0.27 
	-0.99
-1.23, -0.75 
	-1.3
-1.56, -1.04 
	- 
	- 
	-0.81
-1.27, -0.35 
	-0.93
-1.37, -0.49 

	Urgency epi /day 
	- 
	- 
	- 
	-1.05
-1.37, -.073 
	- 
	-1.25
-1.57, -0.93 
	-1.56
-1.88, -1.23 
	- 
	- 
	-0.81
-1.35, -0.27 
	-1.29
-1.83, -0.75 

	Volume/
void mL 
	- 
	39.52
30.19, 48.85 
	23
10.3, 35.7 
	16.92
13.17, 20.7 
	13.07
6.63, 19.51 
	24.71
20.58, 28.85 
	31.87
27.58, 36.16 
	- 
	- 
	18.35
9.01, 27.69 
	24.25
14.99, 33.51 

	Pts Contin EOS
	3.53
1.94, 6.41 
	- 
	1.75
1.26, 2.43 
	1.72
1.24, 2.39 
	- 
	1.51
1.26, 1.82 
	1.61
1.34, 1.93 
	2
1.4, 2.86 
	- 
	- 
	- 

	Pts w/ improve. 
	4.11
1, 16.9 
	- 
	- 
	1.34
0.98, 1.83 
	- 
	- 
	- 
	- 
	- 
	1.49
1.09, 2.03 
	1.51
1.11, 2.05 




Darifenacin 7.5 mg and 15 mg, solifenacin 5 mg and 10 mg, tolterodine IR and ER formulations, trospium and fesoterodine were all tolerated as well as placebo based on all causes of withdrawal (data not shown).  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 9).  Oxybutynin IR 7.5, 10 and 15 mg per day had withdrawal rates by 1.4 to 2.4 times that of oxybutynin ER and tolterodine IR or ER formulations (Table 9).

Tolterodine ER was associated with a 29% lower risk of withdrawal due to adverse events compared to placebo. Solifenacin 10 mg had a 53% higher rate of withdrawal due to adverse events than placebo.  Withdrawals due to adverse events (ADE) were more probable with oxybutynin IR (compared to placebo, and tolterodine IR and ER) and oxybutynin TDS (compared to tolterodine ER).  Fewer subjects withdrew when taking oxybutynin ER 5 mg than oxybutynin ER 15 mg (Table 9).

Table 9 Risk ratio of withdrawals due to any causes or adverse events19

	Comparison
	RR; 95% CI; p-value

	Any cause

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

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

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

	Oxyb IR 7.5-10 mg > Tolt ER 4 mg
	2.22; 1.45-3.45; <.01

	Oxyb IR 7.5-10 mg > Tolt IR 4 mg
	1.41; 1.02-1.92; .04

	Oxyb IR 15 mg > Tolt IR 4 mg
	2.44; 1.64-3.57; <.01

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

	Adverse events

Tolt ER 4 mg < placebo
	0.71; 0.53-0.95; .02

	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

	Solifen 10 mg > placebo
	1.53; 1.02-2.30; .04

	Tolt ER 4 mg < Oxyb TDM
	0.15; 0.03-0.66; .01

	Tolt ER 4 mg < Oxyb IR 15 mg
	0.32; 0.17-0.57; <.01

	Tolt IR 4 mg < Oxyb IR 15 mg
	0.47; 0.33-0.60; <.01

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


The authors point out that the adverse event rates and profiles of the agents all differ.  With the exceptions of tolterodine IR 2 mg (RR 1.00; 95% CI 0.89-1.12; p=0.97) and oxybutynin TDM (1.59; 0.96-2.63; 0.07), all other drugs had a significantly greater risk of ADEs than placebo (pooled RR range 1.13-2.00).
Risk comparisons of active agents for ADEs found tolterodine IR to have lower risk than oxybutynin ER 5 mg and all doses of oxybutynin IR.  Fesoterodine 8 mg had a higher risk than fesoterodine 4 mg and tolterodine ER 4 mg, and trospium 40 mg had a lower risk than oxybutynin IR 7.5-10 mg (Table 10).

Table 10 Risk ratio of any adverse event: active comparisions19

	Comparison (mg/day)
	RR; 95% CI; p-value

	Tolt IR 2 mg < Oxyb ER 5 mg
	0.59; 0.43-0.82; <.01

	Tolt IR 4 mg < Oxyb IR 7.5-10 mg
	0.83; 0.75-0.91; <.01

	Tolt IR 4 mg < Oxyb IR 15 mg
	0.86; 0.79-0.91; <.01

	Feso 8 mg > Feso 4 mg
	1.17; 1-1.37; 0.04

	Feso 8 mg > Tolt ER 4 mg
	1.18; 1.01-1.37; 0.04

	Trospium 40 mg < Oxyb IR 7.5-10 mg
	0.84; 0.73-0.98; 0.02


Not surprisingly, dry mouth was the most frequent ADE reported for all agents (26.9%) when compared to placebo (7.9%); only oxybutynin TDS and oxybutynin IR 5 mg per day were not significantly different from placebo.  

Table 11 Individual ADEs significantly higher in active-to-active drug comparisons19 

	Adverse Event 
	Active > Active (mg/day) 

	Dry mouth (mild) 
	Solifenacin 10 mg > solifenacin 5 mg
Oxybutynin IR 7.5 mg > tolterodine ER 4 mg 

	Blurred vision 
	Solifenacin 10 mg > solifenacin 5mg, tolterodine IR 4 mg 

	Constipation 
	Solifenacin 5 mg > tolterodine ER & IR 4 mg; 
Darifenacin 15 mg > tolterodine IR 4 mg 

	Fatigue 
	Tolterodine ER 4 mg > fesoterodine 4 & 8 mg 

	Nausea 
	Oxybutynin IR 15 mg > oxybutynin ER 15 mg; 

	Vomiting 
	Tolterodine ER 4 mg > Oxybutynin ER 7.5 – 10 mg 


The Oregon Evidence-based Practice Center released an updated drug class review on agents for overactive bladder in May 2005.  The reviewed included oxybutynin, tolterodine and trospium and offered no conclusions or recommendations.  The studies and other materials in review were covered in the previously discussed systematic reviews and meta-analysis, or in sections of this document on efficacy and safety.  Hence, no further description of this report is provided.

Efficacy Trials

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 IR 

Oxybutynin is functionally a nonselective antimuscarinic agent that has been extensively studied in OAB.  The IR formulation was approved in 1975.  Early, placebo-controlled trials are limited by smaller sample sizes, methods and outcome measures that differ from those used to study the ER formulation, tolterodine, and the three newer agents.  Hence, data on the efficacy of oxybutynin IR will be derived from the meta-analyses and systematic reviews described previously and comparison trials to its ER formulation or other OAB agents.

Oxybutynin ER vs. Placebo21

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 TDS vs. Placebo22, 23

The transdermal dose of oxybutynin, 3.9 mg per patch applied twice weekly, was established in a 12-week randomized, double-blind, placebo-controlled dose comparison study of oxybutynin TDS 1.3 mg, 2.6 mg, 3.9 mg and placebo.  A 12-week open-label follow-up study was offered at the end of the double-blind phase.  Only the 1.3 mg and 2.6 mg patches were used in this trial with each subject assigned to a TDS group wearing one active plus a placebo patch, or two active (1.3 and 2.6 mg) patches.  Based on a 7-day urinary diary, subjects must have experienced at least 10 urge incontinence episodes, at least 56 voids and have a mean void volume of no greater than 350 mL to be eligible for randomization.  The study’s primary efficacy outcome variable was the change from baseline to endpoint in the number of incontinence episodes per week.  Secondary measures included two quality of life measures: the Incontinence Impact Questionnaire (IIQ) and the Urogenital Distress Inventory (UDI).  Only the double-blind portion of the study is included with emphasis on the comparison between the marketed 3.9 mg dose and placebo.

Following a 2-week washout period and a 1-week baseline data collection, 520 subjects were randomized; over 90% were women, approximately two-thirds had a history of stress incontinence symptoms plus a history of urge incontinence and between 20% - 23% had prior use of anticholinergic medications.  Only the TDS 3.9 mg dose differed significantly from placebo with respect to the primary outcome variable when evaluated as the mean change from baseline to endpoint (LOCF) in the number of incontinence episodes per week, -19 with TDS and -14.5 with placebo (Table 12).

Table 12

  Number of incontinence episodes/week

	Study Arm
	Baseline, mean (SD)
	Endpoint, mean (SD)
	Change, mean (SD)

	Oxy TDS 3.9
	31 – 35 (18.4)
	8 – 13 (15.7)
	-19 - -21.6 (17.5)

	Placebo
	30 – 38 (24)
	10 – 18 (22)
	-14.5 - -19.2 (21.1)


Secondary efficacy outcome variables also favored TDS 3.9 mg over placebo: mean decrease in average daily urinary frequency (2.3 vs. 1.7, p<.05) and median increase in average volume per void (+24 mL vs. +6 mL, p=.0063).  Subjects in the TDS 3.9 mg group reported a 39% increase (improvement) in their IIQ scores compared to 28% with placebo (p=.0327).  The mean UDI scores decreased (improvement) from baseline to endpoint in all treatment groups.  In the open-label portion of the study, the TDS 1.3 and 2.6 groups reported greater improvements in their IIQ and UDI scores compared to the 3.9 mg groups.  

The ratio of mean N-desethyoxybutynin to oxybutynin plasma concentrations ranged from 1.6 to 1.8 which is lower than what has been reported with IR and ER formulations of oxybutynin.  This decrease in the ratio is due to lower plasma concentrations of the N-desethyethyoxbytynin while oxybutynin concentrations were comparable to what has been reported with oral formulations.  The N-desethyoxbutynin metabolite is believed to be responsible for the anticholinergic adverse effects while the parent compound is responsible for the therapeutic effect.

Using a design similar to the above study, including a double-dummy treatment to insure blinding, investigators compared the oxybutynin TDS 3.9 mg applied twice a week, tolterodine ER 4 mg once daily, and placebo.  Criteria for randomization was based on a 3-day urinary diary requiring a minimum of 4 urge incontinence episodes, at least 24 voids, and an average urinary void volume of no greater than 350 mL.  A total of 361 subjects were randomized with 89% completing the double-blind portion of the study; >90% were women.

At the study end point, the TDS and tolterodine ER groups significantly reduced the number of urinary incontinence episodes per day compared to placebo.  Both active groups reported median and mean changes of approximately 3 episodes per day compared to approximately 2 with placebo.  Tolterodine ER decreased the mean and median micturition frequencies by approximately 2 per day vs. 1 per day with placebo (p=.0025).  Oxybutynin TDS also decreased micturition frequency by approximately 2 per day and did not differ statistically from placebo or tolterodine.  Tolterodine and oxybutynin TDS significantly increased average volume voided by 20+ mL over to placebo.  Both active treatments significantly improved quality-of-life measurements, Global Assessment of Disease, IIQ, and UDI compared to placebo.

Oxybutynin gel vs. Placebo24

Men and women were eligible for inclusion in a 12-week, multicenter, randomized, placebo-controlled if they had urge or mixed incontinence that featured 4 or more urge urinary incontinence (UUI) episodes per day and a mean of 8 or more micturitions per day on a baseline 3-day bladder diary.  Nearly 800 patients were randomized to placebo gel or oxybutynin gel (OTG), ~90% women.   The primary outcome variable was the mean number of incontinence episodes per day.  Secondary measures were the mean change in urinary frequency, urinary volume per void, the number of nocturia episodes, and the percent of patients who achieved complete continence.  At total of 346 (89%) patient in the OTG arm and 355 (89%) in the placebo arm completed the study.   The mean number of UUI episodes decreased significantly more in OTG group than placebo (-3.0 vs. -2.5, p<.0001).  Mean micturition frequency per day decreased more with OTG than placebo (-2.7 vs. -2.0, p=.0017) and the volume voided per void increased more with OTG (21 mL vs., 3.8 mL, p=.0018).  The change in the number of daily nocturia events did not differ between the two treatments.

Oxybutynin IR vs. Oxybutynin ER Formulations25, 26

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.

Tolterodine vs. Placebo27

Tolterodine IR’s efficacy was established in a series of placebo controlled trials.  Pooled analysis of  four trials using tolterodine 1 mg and 2 mg twice daily found that both drugs significantly decreased the number of micturitions by 1.6 and 1.7 per day, respectively, compared to 0.9 for placebo.  Tolterodine 2 mg twice a day also significantly decreased the mean volume per void by 25 mL versus 12 mL with placebo.  Cystometry results from one study determined that tolterodine 1 mg and 2 mg significantly increased volume a first contraction, increased maximum bladder capacity, residual volume, volume that produced a strong desire to void,  volume at first sensation  of bladder filling and bladder compliance compared to placebo.

Tolterodine IR vs. Tolterodine ER28-30 

A 12-week, double-blind, randomized, double-dummy, multicenter, three-way comparison trial of tolterodine ER 4 mg once daily and IR 2 mg twice a day, and placebo in more than 1500 patients with OAB found both the ER and IR formulations superior to placebo in reducing the number of incontinence episodes per week, the number of voluntary micturitions per day, the total number of micturitions per day, and the number of protective pads used per day and an increase in volume voided per micturitions.  The only difference in efficacy between the ER and IR formulations was that the ER formulation produced a greater median percent reduction in incontinence episodes after 12 weeks, 71% vs. 60%, respectively.

A post-hoc analysis of the above study reported that individuals randomized to tolterodine ER 4 mg once daily had a greater absolute reduction in incontinence episodes per week than those taking placebo, 9.0 vs. 5.0 (p<.0001). Patients experiencing 21 or more incontinence episodes per week at baseline were considered to have severe incontinence.  Analysis of this sub-group determined that tolterodine ER reduced the median absolute number of incontinence episodes by 21 per week (baseline 34/week) compared to 9.5 per week by placebo (baseline 31.5/week), p<.0001.  Tolterodine ER produced a 67.6% median percent reduction in incontinence episodes per week compared to 29.8% in the placebo group, p=.022.  Twenty-four hour micturition frequency significantly decreased and micturition volume per void significantly increased in the tolterodine ER group compared to placebo across all levels of incontinence severity.

In another sub-analysis of this study, the effect of age on the efficacy of tolterodine ER compared to placebo was investigated.  Patients were divided into two age groups: <65 years (mean 51 years) and >65 years (mean 74 years).  In both age groups tolterodine ER was superior to placebo with respect to mean changes from baseline in the number of incontinence episodes per week; the decrease was comparable for both age groups.  The number of micturitions per day decreased significantly on in the younger group treated with tolterodine ER, (-2 vs. -1.4 per day, p=.026); there was a trend in favor of tolterodine ER in older patients (-1.4 vs. -0.9, p=.092).  The mean increase in volume voided per micturition increased significantly with tolterodine ER compared to placebo in both age groups.  Patients in both age groups on active drug reported a five-fold increase in their ability to complete tasks before voiding in response to urgency. These findings were replicated in a 4-week placebo-controlled trial in patients 65 years and older receiving tolterodine 1 mg or 2 mg, or placebo.  The mean age was 75 years, with >86% of subjects completing the study.28

Oxybutynin ER vs. Tolterodine IR31-32
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 ER33

OPERA 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.  
Darifenacin vs. Placebo34-37

A pooled analysis of three Phase III clinical trials compared darifenacin 7.5 mg and 15 mg per day to placebo in men and women (85%) over a 12 week period.  Greater than 90% of participants had a diagnosis of idiopathic OAB and 22% had previously taken medications for OAB.  Darifenacin resulted in a significantly greater decrease in the primary efficacy measure, the median change in the number of weekly incontinence episodes, compared to placebo.  The median 2nd and 3rd quartile change of the primary measure with darifenacin 7.5 mg was -8.8 (-15.1, -4.4), -10.6 (-17.3, -5.8) for darifenacin 15 mg.  Forty-eight percent of patients taking darifenacin 7.5 mg and 57% taking darifenacin 15mg reported a >70% reduction from baseline compared to 33% and 39% in the placebo groups (p<.001).  Both doses of darifenacin significantly reduced the number of urge episodes per day, with 21% and 23% reporting a >70% reduction, respectively compared to 14% - 15% of subjects assigned to placebo (p<.05).  The severity of these episodes also declined significantly with both doses of active drug.   Darifenacin 15 mg increased the average volume voided by 20 mL over placebo (p<.001) and darifenacin 7.5 mg produced a 10 mL increase in this parameter (p<.001).  The mean number of nocturnal awakenings per week for OAB declined with all three treatments; there were no differences between the groups.  Both doses of darifenacin resulted in 35% of patients attaining a normal voiding frequency (<8 voids per day) compared to 28% with placebo.  Similar findings were reported in two other placebo-controlled clinical trials (See Appendix Haab 2004 and Steers 2005)

Investigators conducted a pooled-analysis of 317 patients >65 years old with OAB symptoms who had received darifenacin 7.5 mg or 15 mg, or placebo per day in one of three multicenter, double-blind, parallel-group, randomized 12-week clinical trials.  The mean age of patients included in this analysis was between 71 and 72 years for the each of the three groups, 76% to 80% were women, and 25% to 34% had been previously treated for OAB symptoms. 

The results demonstrate a dose-related, significant improvement in the median difference (from placebo) in the number of incontinence episodes per week, the number of micturitions per day, the volume voided per micturition, and the number of urgency episodes per day for both doses of darifenacin compared to placebo.  Adverse events also appeared to be dose-related with 53.6%, 69.1%, and 50.9% of subjects treated with darifenacin 7.5 mg, 15 mg, and placebo reporting at least one adverse event, respectively.  Dry mouth was the most common adverse event: 21% darifenacin 7.5 mg, 31% darifenacin 15 mg, and 5% placebo.  Constipation was reported by 19% taking darifenacin 7.5 mg, 24% taking darifenacin 15 mg, and 6% taking placebo.  The use of laxatives increased from baseline by 4% in darifenacin 7.5 mg, 10% in darifenacin 15 mg, and 2% in placebo groups being new users during the course of study.  Two percent and 7% of darifenacin 7.5 mg and 15 mg patients reported dyspepsia compared to 1% in the placebo group.

Solifenacin vs. Placebo38-39

Solifenacin 5 mg and 10 mg once daily were compared to placebo in a 12-week, double-blind, clinical trial that included a 2 week placebo run-in phase prior to randomization in patients with OAB for at least 3 months.  The primary efficacy variable was the change from baseline in the mean number of micturitions per day.  Secondary outcome variables included the change from baseline in the mean number of urgency episodes per day, nocturia, urge incontinence, all incontinence episodes and volume voided per micturition.   Enrollment eligibility included 8 or more voids per day, 3 or more urgency episodes per day and/or 3 episodes of urinary incontinence recorded in their urinary diary over the final 3 days of the run-in period.  Three day diaries were kept for weeks 4, 8 and 12.

Nearly 1100 participants enrolled, with 911 being randomized and 907 receiving treatment. Baseline and efficacy data from at least one treatment visit were available for 857 subjects.  The three treatment groups did not differ in demographic and other pertinent baseline parameters; baseline mean number of micturitions per day ranged from12.0 to 12.3 and 32% to 35.3% of subjects had prior experience with OAB drug therapy.  Solifenacin 5 mg and 10 mg significantly decreased the mean number of micturitions per day by -2.37 and -2.81, respectively, compared to placebo, -1.59.  Both doses of solifenacin significantly reduced the number of daily urge episodes (-2.84 and -2.90) compared to placebo, -1.98.  The mean number of nocturial episodes was significantly reduced by the 10 mg dose compared to placebo, -0.71 vs. -0.52.  Both doses of solifenacin significantly decreased the number of all and urge incontinence episodes by 52% to 63%, compared to placebo, -28% and -42.5%, respectively.  The change in mean volume voided was 31 mL and 36 mL for solifenacin 5 mg and 10 mg, respectively, compared to a mean increase of 10.7 mL with placebo.  Of the participants who had one or more episodes of incontinence at baseline, 50% of those treated with solifenacin 5 mg or 10 mg reported no incontinence at the study’ conclusion; this measure was not reported to for those randomized to placebo.  At week 24 of the open label period, 74% of participants expressed satisfaction with their response to solifenacin.

Participants in the above two, 12-week clinical trials were given the option to participate in a 40 week (52 weeks total) open-label extension trial.  All subjects received solifenacin 5 mg daily for 4 weeks which could be increased to 10 mg daily at the week 4, 12 or 24 visits.  Efficacy analysis was only reported for participants who received solifenacin during both the double-blind and extension studies.  At the end of 52 weeks, solifenacin decreased the mean number of urgency episodes per day by 63%, the mean number of incontinence episodes per day by 66%, the mean number of micturitions per day by 23%, the mean number of nocturia episodes per day by 32%, and increased the mean volume voided per void by 31%.  The majority of improvement occurred during the initial 12-week study.

Solifenacin vs. Tolterodine ER40-41

Solifenacin and tolterodine were compared in a 12 week, flexible dose study known as the STAR study.  At the end of a two-week, placebo-controlled wash out period, subjects with OAB completed a 3-day urinary diary and were eligible for randomization if they demonstrated the following: an average of 8 or more micturitions per day; and an average of at least one incontinence episode per day or an average of at least one urgency episode per day.  Eligible subjects were randomized to solifenacin 5 mg daily or tolterodine 4 mg ER daily.  At the 4 week appointment, subjects could request the dose be increased.  The solifenacin group dose was increased to 10 mg.  The tolterodine group was given a placebo.  Efficacy and adverse event data were collected at weeks 4, 8 and 12 and were pooled for the solifenacin arm.  A total of 1200 subjects were included in the safety analysis, 1177 in all efficacy analyses except the non-inferiority data for change from baseline in micturition frequency (n=1049); the study’s primary endpoint.  Eighty-seven percent of subjects were women.

Solifenacin was found to be non-inferior to tolterodine ER with respect to the study’s primary efficacy endpoint.  Subjects taking solifenacin experienced a mean baseline to endpoint reduction of 2.45 micturitions per day compared to 2.24 for subjects taking tolterodine ER (p=.004 for non-inferiority).  Solifenacin separated from tolterodine ER in the secondary efficacy measures (baseline to endpoint) in the number of urgency episodes per day, -2.85 vs. -2.42, p=.001; the number of urge incontinence episodes per day, -1.42 vs. -.083, p=.001; and the number of overall incontinence episodes, -1.60 vs. -1.11, p=.006.  Both solifenacin and tolterodine ER reduced the number of nocturia episodes per day by -0.71 and -.63, respectively, but the difference between their effects were not significant.  A significantly greater proportion of solifenacin-treated patients (74%) achieved at least a 50% reduction in their incontinence episodes than tolterodine-treated patients (67%), p=.021.  Continence was achieved by 59% of solifenacin-treated patients and 49% of tolterodine-treated patients, p=.006.  Both drugs increased the mean volume voided per void: solifenacin 38 mL and tolterodine 31 mL (p=.01).

Solifenacin vs. Oxybutynin IR42

Solifenacin 5 mg once a day was compared to oxybutynin 5 mg three times a day in an 8-week, randomized, double-blind, double-dummy, multicenter study known as the VECTOR trial.  The primary outcome was the incidence and severity of dry mouth (See ADE section).  Changes in urgency, frequency, incontinence, nocturia and voided volume gathered via 3-day diary during weeks 0 (baseline), 2, 4 and 8 post randomization were secondary efficacy endpoints.  The study was not powered to detect a difference in these measures but reported that improvement was noted in both groups at the end of treatment and in the Patient Perception of Bladder Condition scale and the Overactive Bladder Questionnaire.

Trospium vs. Placebo43-45

Trospium’s urodynamic effects in patients with detrusor instability with urgency or frequency were assessed in a placebo-controlled, double-blind, parallel treatment, multicenter Phase III trial conducted in the UK and Poland.   One hundred four patients were randomized to trospium 20 mg or placebo twice a day for 21 to 24 days; 38% were men.  Urodynamic measures via cystometry composed the studies primary and secondary outcome variables.

Trospium increased maximum bladder capacity by 27 mL compared to a 10 mL decrease with placebo (p=.0054), increased volume at first unstable contraction by 66 mL compared to 2.2 mL with placebo (p=.0015), changed the volume reached at maximum contraction by 24 mL vs. -5 mL (p=.0113), and residual urine volume 6.6 mL vs. 2 mL (p=.0285).  Significant differences were not found in the change in bladder compliance or maximum detrusor pressure at first unstable contraction.  Trospium’s acceptability was rated as “Very Good” or “Good” by 37% and 50% of patients, respectively, compared to 29% and 40% for placebo.

The urodynamic effects of trospium and placebo were the subject of a meta-analysis using the above study and one other not presented in this review.  The meta-analysis concluded that trospium significantly increased maximum cystometric bladder capacity (median difference 52 mL), volume at first unstable contraction (median difference 48 mL), and volume reached at maximum contraction (median difference 21 mL) compared to placebo.  There were no differences in maximum detrusor pressure at first unstable contraction or residual urine volume.  Nearly 48% of patients receiving trospium were considered “cured” or having a “marked improvement” compared to ~20% taking placebo.

A double-blind, placebo-controlled, parallel group, multicenter clinical trial randomized men and women with OAB associated urge incontinence to trospium 20 mg twice a day or placebo for 12-weeks.  Following a 2-week washout period, subjects were eligible for randomization if they’d had at least a 6 month history of OAB symptoms, 70 or more voids per week with at least 7 urge incontinence episodes per week recorded during a 7 day urinary diary collection period. The randomization ratio was 1:1 and 7-day diaries were collected over Weeks 1, 4 and 12.  After Week 12, subjects were given the option to participate in a 9 month open-label extension trial.

The study had two primary outcomes: the change in the mean number of voids per 24 hours and the change in the mean number of urge incontinence episodes per 24 hours.  Secondary outcomes included time to onset of efficacy, mean volume voided, urgency frequency and degree as measured by the Indevus Urgency Severity Scale (IUSS), mean number of diurnal and nocturnal voids, and quality of life measures (IIQ).

A total of 523 subjects were randomized; 74% were women and 53% had prior exposure to OAB medications.  During Week 12, subjects in the trospium group reported a mean decrease from baseline of 2.37 in the number of voids per 24 hours compared to 1.29 in the placebo group ( Rank ANOVA, p<.0001).  The number of urge incontinence episodes per 24 hours declined by 59% with trospium and 44% with placebo (ANOVA, p<.0001).  Trospium improved secondary outcomes compared to placebo resulting in a greater change in volume per void, 32 mL vs. 7.7 mL (ANOVA, p<.0001); a greater change in the number of urgency voids per 24 hours, -2.30 vs. -1.08 (ANOVA, p<.0001); change in urgency severity score per void, -0.22 vs. -0.04, (ANOVA, p<.001); change in the number of diurnal voids per 24 hours, -1.9 vs. -0.98 (ANOVA, p<.0001); and change in number of nocturnal voids per 24 hours, -0.47 vs. -0.29 (ANOVA, p<.05).  All primary and secondary efficacy variables were significantly different during Week 1 and remained so through Week 12.  At week 12, analysis of the IIQ showed that all patients experienced a significant improvement in quality of life, however, when analyzed by gender this improvement was only significant for women.

Trospium vs. Oxybutynin IR46

Trospium’s tolerability and efficacy has been compared to oxybutynin IR over a 52-week period in 358 patients with urge syndrome, urge incontinence, urge in mixed incontinence, or urge secondary to a neurological condition (detrusor hyperreflexia).  The randomization scheme was three trospium patients (20 mg twice a day) to every oxybutynin (5 mg twice a day) patient.  Efficacy measures included urodynamic measures and patient micturition diaries.  The two agents did not differ in any of the efficacy measures. After 26 weeks, 49% of patients taking trospium rated its tolerability as “Very Good” compared to 36% for oxybutynin; at week 52 these percentages were 63% and 42%, respectively.  Early termination rates were similar in both groups: trospium 25% and oxybutynin 26.7%.

Trospium XR vs. Placebo47

Once daily trospium XR 60 mg was compared to placebo in 601 patients entered into a 12-week, multicenter, parallel, double-blind, placebo-controlled trial. Inclusion criteria included 18 years of age or older, OAB symptoms for at least 6 months, at least one “severe” urgency severity rating per 3 days, a minimum of 30 voids in 3 days with an average of 1 or more UUI episodes per day, and an average of 3000 mL or less per day and 250 mL or less per void.  The primary measures of efficacy were changes in the daily micturation frequency and the daily frequency of UUI episodes as recorded in 3-day bladder diaries during weeks 0 (baseline), 1, 4 and 12.  The study’s subjects were 85% women, mean age of 59 years and 50% had previously taken OAB medications.  Ninety percent assigned to placebo and 88% assigned to trospium completed the trial.  At the end of 12 weeks the mean change in daily micturations was -2.81 and -1.99 for trospium and placebo, respectively (p<.0001).  The decline in mean number of UUI episodes per day was also greater with trospium than placebo, -2.48 vs. -1.93, p=.0022.  Trospium was also superior to placebo in secondary efficacy measures number of UUI episodes per week, urgency severity score per void, mean voided volume per void, the OAB symptom composite score, and the number of urgency associated voids per day.

Trospium in Spinal Cord Injury Patients48-49

Trospium 20 mg twice a day has been compared to placebo in 61 men and women with a spinal cord injury and detrusor hyperreflexia via urodynamic measures.  After three weeks of treatment, trospium significantly increased the differences in mean and median maximum cystometric capacity, decreased maximum detrusor pressure and increase bladder compliance compared to baseline and placebo.  Neither treatment demonstrated an effect on maximum urine flow rate or residual urine volume.

The urodynamic effects of trospium 20 mg twice a day and oxybutynin 5 mg three times a day were compared in 95 men (49%) and women with spinal injuries in a double-blind trial.  Subjects randomized to the trospium arm took a mid-day placebo dose.  Cystometrograms were performed at baseline following a 1-week washout and after 2-weeks of treatment. Over 90% of subjects completed both cystometrograms.   Both treatments significantly increased maximal cystometric bladder capacity, decreased maximal voiding detrusor pressure, and increased residual urine volume.  Between treatment comparisons did not differ in these parameters. 

Fesoterodine vs. Placebo50-53

Fesoterodine was compared to placebo in two identically designed 12-week, multicenter, randomized, double-blind, placebo-controlled trials.  One trial included a controll arm. To be eligible, subjects needed to be at least 18 years of age with OAB symptosm with urgency for at least 6 months, at least 8 micturations per day, and either 6 or more urgency episodes or 3 or more urgency urinary incontinence (UUI) episodes per day as recorded in a 3-day diary.  The protocol was amended so that 80% enrolled would have 3 or more UUI episodes per day.  Subjects were excluded if the investigator thought another condition could be responsible for their urgency or incontinence, presence of pelvic prolapse of grade III or higher, clinically significant bladder outlet obstruction, recurrent urniary tract infections, a post void residual volume >100 mL, or the presence of clinical relevant cardiac arrhythmia, unstable angina, or a QTcB interval >500 ms.  Following a 2-week placebo run-in phase, subects were randomized to placebo, fesoterodine 4 mg or 8 mg, or tolterodine ER 4 mg as an active control in one study.  The primary efficacy end points were change from baseline to week 12 in micurations per day, UUI episodes per day, and Treatment Response (a 4-category benefit scale: 1=greatly improved, 2=improved, 3=no change, and 4=worse) were a “Yes” was greatly improved or improved and “No” was worsened.  In both trials fesoterodine 4 mg and 8 mg significantly improved all primary efficacy measures compared to placebo (Table 13).  Secondary endpoints mean volume voided/void,  number of urgency episodes per day, number of days continent per week all improved significantly with fesoterodine 4 mg and 8 mg compared to placebo in both studies with the exception of fesoterodine 4 mg mean volume voided in study 2.

Table 13 Primary efficacy measures fesoterodine/active control vs. placebo
	 Mean change from baseline
	Placebo
	Feso 4 mg 
	Feso 8 mg
	Tolt ER 4 mg

	Study 1

Micturitions/day, n

Baseline

Change

p-value
	279

12

-0.95


	265

11.6

-1.76

<.001
	276

11.9

-1.88

<.001
	283

11.5

-1.73

.001

	UUI/day, n

Baseline

Change

p-value
	211

3.7

-1.14
	199

3.8

-1.95

.001
	223

3.7

-2.22

<.001
	223

3.8

-1.74

.008

	Treatment response

n

% Yes

p-value
	279

53


	265

75

<.001
	276

79

<.001
	283

72

<.001

	Study 2

Micturitions/day, n

Baseline

Change

p-value
	266

12.2

-1.08


	267

12.9

-1.61

.032
	267

12.0

-2.09

<.001
	

	UUI/day, n

Baseline

Change

p-value
	205

3.7

-0.96
	228

3.9

-1.65

.003
	218

3.9

-2.28

<.001
	

	Treatment response

n

% Yes

p-value
	266

45


	267

64

<.001
	267

74

<.001
	

	Pooled , all subj

Micturitions/day

Baseline

Change

p-value
	12-12.2

-1.0


	12-12.0

-1.7

<.01
	12-12.2

-2.0

<.01
	

	UUI/day

Baseline

Change

p-value
	3.7-3.9

-1.1


	3.7-3.9

-1.9

<.01
	3.7-3.9

-2.3

<.01 (<.05 vs. Feso 4 mg)
	

	Treatment response

% Yes

p-value
	49
	69

<.01
	-2.3

<.01 (<.05 vs. Feso 4 mg)
	

	Pooled , men-only

Micturitions/day, n

Baseline

Change

p-value
	124

12.3

-0.79


	111

12.3

-1.65

<.05
	109

12.2

-2.13

<.05
	

	UUI/day, n

Baseline

Change

p-value
	76

3.4

-1.13
	74

3.2

-1.79

NS
	77

3.1

-2.40

<.05
	


Fesoterodine vs. Tolterodine ER54

A third 12-week double-blind, double-dummy, placebo-controlled, randomized trial was designed to compare the efficacy and tolerability of fesoterodine 8 mg with tolterodine ER 4mg and placebo (2:2:1 ratio).  Inclusion and exclusion criteria and trial design were similar to the two previously described trials.  Patients randomized to fesoterodine took 4 mg for the first week, then 8 mg for the remaining 12 weeks; those assigned to tolterodine ER took 4 mg all 12 weeks.  The primary outcome variable was the change from baseline at 12 weeks in the UUI episodes/day.  Other endpoints were mean voided volume/void (MVV); and voids, nocturnal voids, urgency episodes, severe urgency episodes, and frequency-urgency sum per day.  The results are shown in Table 14 with approximately 630 subjects per active treatment arm and 313 in the placebo arm.  In general, both active treatments resulted in significantly greater improvement compared to placebo.  Fesoterodine’s improvement in UUI/day and MVV/void was statistically significant from tolterodine, but the absolute differences were small and of questionable clinical significance. 

Table 14 Change from baseline in efficacy endpoints: fesoterodine 8mg vs. tolterodine ER 4 mg

	Mean change from baseline
	Placebo
	Tolterodine ER 4 mg
	Fesoterodine 8 mg

	UUI/day

Baseline

Change

p-value
	2.6

-1.46


	2.5

-1.61

<.05 vs. placebo
	2.4

-1.72

<.05 vs. placebo

<.05 vs. tolterodine

	Total voids/day

Baseline

Change

p-value
	11.9

-1.5


	11.7

-2.1

<.05 vs. placebo
	11.7

-2.2

<.05 vs. placebo

	Nocturnal voids/day

Baseline

Change

p-value
	2.3

-0.5
	2.2

-0.6

NS
	2.2

-0.6

NS

	Urgency epi./day

Baseline

Change

p-value
	9.4

-2.0
	9.3

-3.1

<.05 vs. placebo
	9.3

-2.2

<.05 vs. placebo

	Severe urgency epi/day

Baseline

Change

p-value
	5.7

-1.9
	5.9

-2.8

<.05 vs. placebo
	5.9

-3.0

<.05 vs. placebo

	MVV/void, mL

Baseline

Change

p-value
	147.9

16.8
	154.1

23.5

NS
	155.3

32.9

<.05 vs. placebo

<.05 vs. tolterodine


Quality of Life Studies (Qol) 19
Data on QoL are available for all OAB agents discussed in this review, but are limited to small numbers of patients and few domains.  The instrument used to measure QoL must be specific to the disease state of interest, OAB, since less specific measures such as the Short-form 36 (SF-36) have failed to demonstrate significant differences between active treatments and placebo.  One systematic review and meta-analysis determined that 25 of the 56 trials included in its review reported QoL findings. Only oxybutynin TDS, tolterodine IR and ER, and trospium had data suitable for a meta-analysis; all demonstrated significant improvement on QoL scales compared to placebo.  A total of 3 active comparison trials were appropriate for meta-analysis; tolterodine IR 4 mg/day to tolterodine ER 4 mg/day and tolterodine ER 4 mg/day to oxybutynin TDS.  No significant differences were found between the drugs and formulations.  Quality of life domains that have improved with active medications are shown in Table 15.
Table 15.  Antimuscarinic OAB Agents and QoL Domains19

	QoL Domain 
	Oxybutyn TDS 
	Tolterodine IR 
	Tolterodine ER 
	Solifenacin 
	Trospium 
	Feso-terodine 
	Darifenacin 

	Overall 
	X 
	
	X 
	X 
	X 
	X    
	X 

	Daily activities 
	
	X 
	
	X 
	
	
	

	Physical limitations 
	
	X 
	X 
	X 
	
	X 
	X 

	Travel 
	X 
	
	X 
	
	X 
	
	

	Sleep & energy 
	
	X 
	X 
	X 
	
	
	

	Self image 
	
	
	X 
	X 
	
	
	

	Emotions 
	
	X 
	X 
	X 
	X 
	X 
	

	Relationships 
	
	X 
	X 
	
	X 
	
	

	Sexuality 
	
	
	
	X 
	
	X 
	

	Social limitations 
	
	
	X 
	X 
	
	X 
	

	Coping 
	
	X 
	X 
	X 
	
	X 
	


Safety/Tolerability

Withdrawals From Treatment
Data presented in Table 9.

Table 16. Common Adverse Events Reported in Package Inserts2-8

	Adverse Event
	Oxybutyn. IR

n=199

5-20 mg/d
	Oxybutyn. ER

n=576

10 mg/d
	Oxybutyn. TDM

n=125      n=121

 3.9 mg     3.9 mg
	Tolterodine IR

n=986

2 mg BID
	Tolterodine ER

n=507

4 mg/d
	Trospium IR

n=591

20 mg BID
	Trospium XR

60 mg
	Solifenacin

n=578     n=1233

5 mg/d    10 mg/d
	Darifenacin

n= 337         n=334

7.5 mg/d    15 mg/d
	Fesoterodine

	Severe
	
	6.8
	0
	0
	3.0
	
	2.9
	
	2
	
	
	

	Dry mouth

Constipation

Abd. Pain

Dyspepsia

Flatulence

Nausea

Vomiting

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
	9.6

1-2

1-2

1-2

3.2
	4.1

3.3


	35.0

7.0

5.0

4.0

4.0
	23.0

6.0

4.0

3.0
	20.1

9.6

1.5

1.2

1.2

*
	10.7

  8.5

  1.4

  1.2

  1.6

  1.4
	10.9

5.4

1.9

1.4

1.7

0.2
	27.6

13.4

1.2

3.9

3.3

1.1
	20.2

14.8

2.4

2.8

2.7

2.1
	35.3

21.3

3.9

8.4

1.5

0.9
	19 - 35

4 – 6

1

2

1 - 2

	Headache

Fatigue

Somnolence

Dizziness

Confusion

Anxiety

Depression

Insomnia
	6.0

12.6

15.6

2-5
	6.0

2.0

4.0
	1-2
	
	7.0

4.0

3.0

5.0
	6.0

2.0

3.0

1.0
	4.2

1.9
	
	1.0

1.9

1.8

1.2
	2.1

1.8

1.9

1.8
	0.9
	2.1
	1

	Tachycardia
	2-5
	
	
	
	
	
	
	
	
	
	
	
	<1

	Urinary retention

Dysuria

UTI

Increased  

  PVR
	10.6

5.0

5.0
	5.0
	2.4
	2.0


	1.0
	1.2
	
	
	0

2.8
	1.4

4.8
	
	
	1

1 – 2

3 - 4

	Dry eyes

Blurred vision

Abnormal

Vision

Nasal dryness
	9.0
	1.0

3.0
	2.5
	
	3.0

2.0
	3.0

1.0
	1.2

*
	  1.6

  1.0
	0.3

3.8
	1.6

4.8
	1.5
	2.1
	1 -4

<1


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

Oxybutynin IR vs. Oxybutynin ER25, 55

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 17).  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 17. 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 TDS vs. Placebo22

Data from a placebo-controlled dose comparison trial found that application site reactions erythema (56%) and pruritis, 16.8% with active TDS and 6.1% with placebo, were the most frequent adverse events.  A topical antihistamine or corticosteroid was used as treatment by 4.4% of subjects (overall).  The majority of local reactions were considered to be mild.  The frequency of dry mouth and constipation were 9.6% and 0.8% with TDS 3.9 mg and 8.3% and 3% with placebo, respectively.  Anticholinergic effects tended to increase with the strength of the oxybutynin patch, but did not differ significantly from placebo.

Oxybutynin TDS vs. Tolterodine ER vs. Placebo23

During a 12-week, double-dummy, placebo-controlled comparative trial that randomized 361 subjects, dry mouth was reported by 7.3% of subjects taking tolterodine ER 4 mg/day, 4.1% taking oxybutynin TDM 3.9 mg/day, and 1.7% taking placebo.  Only the difference between tolterodine ER and placebo was significant, p=.0379.  Dry mouth by severity was not reported.  Constipation was reported by 3.3% of oxybutynin TDM and 5.7% of tolterodine ER subjects.  Erythema and pruritis were the most frequently reported adverse events with the TDM and placebo patches (Table 18).  

    Table 18  Adverse Events: Oxybutynin TDS and Tolterodine ER
	Adverse Event
	Oxy TDS
	Tolterodine ER
	Placebo

	Erythema
	8.3%
	
	1.7%

	Pruritis
	14.0%
	
	4.3%

	Dry mouth
	4.1%
	7.3%
	1.7%

	Constipation
	3.3%
	5.7%
	NR


Oxybutynin gel vs. Placebo24

Dry mouth was the most frequently reported adverse effect by both treatment groups: OTG 6.9% and placebo 2.8% (p=.006).  The frequency of other adverse events was low (<1.5%) and did not differ between treatments.

Oxybutynin IR vs. Tolterodine IR56

A meta-analysis of four clinical trials concluded that risk for dry mouth was reduced by nearly 50% with tolterodine IR compared to oxybutynin IR (RR=0.54, 95% CI 0.48-0.61).  The risk of moderate to severe dry mouth was reduced 67% with tolterodine IR (RR=0.33, 95% CI 0.24-0.45).  Subjects were one-third less likely to withdraw from the trial secondary to dry mouth if randomized to tolterodine IR (RR=0.63, 95%CI 0.46-0.88).  The rates of constipation were not reported.

Oxybutynin ER vs. Tolterodine ER33

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 by 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. 

Tolterodine IR vs. Tolterodine ER28, 30

Greater proportions of subjects randomized to tolterodine ER 4 mg/day and tolterodine IR 2 mg BID experienced dry mouth, 23% and 30%, respectively than did subjects receiving placebo, 8%.  The percent difference in subjects with dry mouth between the two tolterodine formulations, 23%, favored the ER form (p<.02).  Approximately 14% of tolterodine ER subjects reported their dry mouth as mild, ~7% moderate, and 1.8% as severe.  Severity was not reported for tolterodine IR or placebo.  Constipation was reported by 6%, 7%, and 4% of subjects randomized to tolterodine ER, tolterodine IR, and placebo, respectively.

Dry mouth did not differ when subjects were analyzed by age <65 and >65 years. A subanalysis of the above study reported that 22.7% of younger and 24.3% of older subjects taking tolterodine ER experienced dry mouth compared to 8.1% and 7.2% taking placebo, respectively.  The severity of dry mouth with tolterodine ER did not differ with age with 13.4%, 7.6%, and 1.7% of younger subjects reporting their dry mouth to be mild, moderate, and severe compared to 15.9%, 6.5%, and 1.9% for older subjects.  The frequency of constipation did not differ by age for tolterodine ER and placebo, 4% to 6%,

Trospium vs. Placebo43, 45

After 12-weeks on trospium 20 mg twice a day or placebo, 21.8% of subjects randomized to trospium experienced dry mouth compared to 6.5% taking placebo.  Constipation was reported by 9.5% of trospium subjects and 3.8% of those taking placebo.  The investigators reported that both of these adverse events occurred early and tended to resolve over time.

Another placebo-controlled trial of 3 weeks duration reported 41% of subjects taking trospium 20 mg twice a day reported dry mouth compared to 17% of placebo.  The frequency of constipation was not reported.

Trospium vs. Oxybutynin IR35, 48

In a 52-week randomized, double-blind, clinical trial dry mouth was reported  by 33% of subjects on trospium 20 mg twice a day compared to 50% of subjects taking oxybutynin 5 mg twice a day.  Severe dry mouth was reported by 2.3% of subjects on trospium and 11.1% of those on oxybutynin.  The rate of dry mouth per patient per week was 0.009 for trospium and 0.021 for oxybutynin.  Seven percent of subjects on trospium reported constipation verses 4% taking oxybutynin.

More than half of subjects in a randomized, double-blind trial comparing trospium 20 mg twice a day and oxybutynin IR 5 mg three times a day experienced dry mouth (54% in both groups).  The severity of dry mouth was mild, moderate or severe for 28%, 21%, and 5% of subjects taking trospium compared to 17%, 15% and 22% of subjects taking oxybutynin (all percentages approximations). The authors reasoned that the higher proportions of dry mouth were because investigators specifically asked subjects if they’d experienced dry mouth as opposed to spontaneous reports.  The frequency of constipation was not reported.

Trospium XR vs. Placebo47

At least one adverse event was reported by 27% of those assigned to trospium XR 60 mg and 17.5% assigned to placebo.  Constipation (9.4%) and dry mouth (8.7%) were the most frequently reported individual adverse events in the trospium group compared to 1.3% and 3.0%, respectively, in the placebo group.  Headaches in the placebo arm were the only other adverse event to exceeded 2.0% at 2.6%.

Darifenacin vs. Placebo49

Dry mouth and constipation were the most frequently reported adverse effect in a pooled analysis of three phase III clinical trials comparing Darifenacin 7.5 mg and 15 mg with placebo (Table 19).  Twenty percent to 25% of subjects had been previously treated with overactive bladder medications.

Table 19. Darifenacin: Percent of subjects reporting dry mouth or constipation
	Adverse Event
	Darifenacin 7.5 mg
	Darifenacin 15 mg
	Placebo

	Dry mouth
	20%
	35%
	8%

	Constipation
	15%
	21%
	6%


Solifenacin vs. Placebo and Tolterodine IR38, 39, 41
Two solifenacin clinical trials have included placebo arms and one an active control, tolterodine IR 2 mg bid.  In both trials between 31% to 40% of subjects had previously taken a medication for OAB.  Dry mouth and constipation were the most frequently reported adverse events in both trials and most cases were considered to be mild (Table 13).
Table 20 Solfenacin: Percent of subjects reporting dry mouth or constipation

	Adverse Event
	Solifenacin 5 mg
	Solifenacin 10 mg
	Tolterodine 2mg BID
	Placebo

	Dry mouth
	8-14%
	21-24%
	19%
	2-5%

	Constipation
	4-7%
	8-9%
	3%
	2%


Data from the open-label solifenacin follow-up trials to the above studies were combined in a single publication.  Over the 52 weeks, 10% of subjects taking solifenacin 5 mg experienced dry mouth compared to 17% taking solifenacin 10 mg; the vast majority was considered to be mild.  Constipation was reported by 5% and 8% of subjects taking solifenacin 5 mg and 10 mg, respectively.

Solifenacin vs. Tolterodine ER40

Dry mouth was the most frequently reported adverse event by both groups with subjects in the solifenacin group reporting it as mild, 17.5%; moderate, 10.8%; and severe, 1.7% compared to 14.8%, 7.7%, and 1.5% with tolterodine ER.  Constipation also was a common adverse effect for both solifenacin and tolterodine: mild, 3.2% vs. 1.3%; moderate, 2.7% vs. 1.0%; and severe, 0.5% vs. 0.2%.  Blurred vision was reported by <1% of subjects in both groups.

Solfenacin vs. Oxybutynin IR42

Dry mouth was the primary outcome measure of the VECTOR trial and was reported by 35% of patients randomized to solfenacin 5 mg and 83% randomized to oxybutynin IR 5 mg three times a day (p<.0001).  Dry mouth was reported as moderate by 13% and 42% (p=.001) and severe by 13% and 28% (p=.001) of patients on solfenacin and oxybutynin IR, respectively.

Fesoterodine vs. Placebo52

Pooled results from two trials found dry mouth to be the most common adverse event for all three treatment groups: fesoterodine 4 mg, 19%; fesoterodine 8 mg, 35%; and placebo, 7%.  Most dry mouth was mild or moderate.  There appears to be a dose-response relationship (Table 21).

Table 21 Treatment-emergent adverse events fesoterodine vs. placebo (%)
	Adverse Event
	Placebo, n=554
	Feso 4 mg, n=554
	Feso 8 mg, n=566

	Dry mouth

· Mild

· Moderate

· Severe
	7%

5

2

<1
	19

15

3

<1
	35

22

9

3

	Constipation
	2
	3
	9

	UTI
	3
	3
	4

	Headache
	4
	4
	3

	Lacrimal disorder
	0
	1
	4

	Dyspepsia
	<1
	2
	2

	URI
	2
	2
	2

	Nasopharyngitis
	2
	3
	1


Fesoterodine vs. Tolterodine ER50, 54

The tables below provide the frequency of the most common treatment-emergent adverse events in the comparative trials of fesoterodine and tolterodine ER 4 mg.  The reporting of anticholinergic adverse events, namely dry mouth, appears to be dose-related for fesoterodine.  The majority of dry mouth was mild or moderate in severity.

Table 22 Pertinent treatment-emergent adverse events (% of subjects) 50

	Adverse Event
	Placebo,

n=283
	Tolter ER 4 mg, n=290
	Feso 4 mg, n=272
	Feso 8 mg, n=287

	Any
	38%
	50%
	50%
	58%

	Dry mouth
	7.1
	16.9
	21.7
	33.8

	Constipation
	1.4
	2.8
	3.3
	4.5

	Headache
	4.9
	4.8
	4.4
	2.4

	Dry eye
	0
	<1
	2.2
	4.2


Table 23 Treatment-emergent adverse events (% of subjects) 54

	Adverse Event
	Placebo,

n=334
	Tolter ER 4 mg, n=684
	Feso 8 mg, n=679

	Dry mouth

· Severe
	6.0%

1
	16.4%

1
	27.8%

2

	Headache
	2.4
	3.4
	5.6

	Constipation
	3.0
	4.1
	5.4

	UTI
	0.6
	1.5
	2.2

	Diarrhea
	1.2
	2.2
	2.1


Cognitive Function and CNS Effects57-65
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-glyocprotein, which functions as an efflux pump and regulated by the MDRI gene (Table 4).  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).

Darifenacin has been studied in a randomized, placebo-controlled, 3-period crossover design with respect to CNS and cognitive effects.  Men and women age 65 years and older were randomized to three different 14-day arms with a 1-week washout period between each: darifenacin controlled-release 3.75, 7.5, or 15 mg tablets, darifenacin immediate-release 5 mg three times a day, or placebo.  Participants were not required to have urinary incontinence to participate, with either no or mild cognitive impairment.  Persons with more advanced cognitive impairment or depression, taking other anticholinergic medications, cimetidine, or psychoactive medications were excluded from participating.  CNS and cognitive effects were assessed using computerized tests that demonstrated sensitivity to antimuscarinic effects and 16 visual analog scales to assess alertness, contentment, and calmness.  Additional data on safety measures collected included adverse events, vital signs, ECG and routine labs.

A total of 129 subjects enrolled, 93% were taking at least one other medication. Drop outs included 10 subjects secondary to treatment effects and another 12 for non-treatment related reasons.  There were no significant changes after 2 weeks with any of the active treatment compared to placebo in the three primary outcome variables: memory scanning sensitivity, speed of choice reaction time, and word recognition sensitivity.  Alertness, contentment and calmness were not affected.  All treatment groups improved their level of memory scanning speed compared to baseline; only the darifenacin 3.75 mg per day group improvement was greater than placebo.  The authors hypothesized that darifenacin’s lack of cognitive impairment may be due to its relatively low affinity for the M1 receptor and its active transport out of the brain by the P-glycoprotein efflux pump in spite of it being lipophilic. The most common adverse drug events were dry mouth, which was dose-related, and constipation which was not dose-related. 

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 through out 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 subanalysis 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
Men66-74
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 two clinical trials.

Men with BOO and LUTS were separated by urodynamic evidence of OAB: 68 with BOO+OAB and 76 with BOO-alone.  All subjects received doxazocin for 3 months with those improving continuing doxazocin and those not improving treated with doxazocin and tolterodine.  Seventy-nine percent of men with BOO-alone and 35% with BOO+OAB improved with doxazocin-alone.  Of the non-responders, 37.5% (6/16) of men with BOO-alone and 73% (32/44) with BOO+OAB had symptomatic improvement.  In the second study, the combination of tamsulosin and tolterodine improved the quality of life in men with BOO and detrusor instability compared to those treated with tamsulosin alone.

Tolterodine has also been studied as monotherapy in 43 men with BPH and LUTS who had failed alpha-blocker therapy.  Significant decreases in symptom score, frequency, nocturia, post void residual volume, and increased urinary flow rates were reported without any cases of urinary retention.  Additional trials have shown that tolterodine alone or in combination with an alpha1-blocker taken by men with BOO and OAB or BOO-alone did not adversely affect urodynamics, while improving symptoms and QoL measures.

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 Breastfeeding2-9

All agents in this review are FDA Category C except oxybutynin which is Category B.  None have been adequately studied in pregnancy and should only be used when in the judgment of the physician that the probable clinical benefits outweigh the possible risks.

It is unknown whether any of these agents is excreted in human milk; therefore caution should be exercised if taken by nursing women.

Use in Dementia62, 75-76

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.

Effect on QT Interval

Single doses of solifenacin 15 mg and 30 mg demonstrated dose-related QT prolongation, yet neither dose prolonged QT to the same extent as seen with a therapeutic dose of moxifloxacin.  Darifenacin in doses of 15 mg and 75 mg per day for 6 days did not prolong QT/QTc intervals, while moxifloxacin 400 mg per day produced a mean increase from baseline of ~7 msec compared to placebo.  Tolterodine demonstrated dose-related increases in QTc interval (2 to 4 fold difference depending on method of measurement) when taken for 4-days as 2 mg and 4 mg twice a day.  Neither increase was as great as seen with the positive control moxifloxacin 400 mg per day.

Side Effect Profile Summary

Based on the frequency of dry mouth and constipation reported in each products package insert (Table 9), published clinical trials and meta-analyses, the following generalizations can be made:

· The frequency of dry mouth is lower with XR/CR/ER formulations compared to their IR predecessors

· The frequency of dry mouth increases with higher doses

· Oxybutynin IR results in the greatest frequency of dry mouth

· The three newer agents, trospium, solifenacin, and darifenacin, do not appear to substantially lower the rate of dry mouth compared to the ER forms of oxybutynin and tolterodine, or the transdermal form of oxybutynin.

· The newer agents appear to increase the occurrence of constipation compared to non-IR forms of oxybutynin and tolterodine

· CNS and other anticholinergic effects are greatest with oxybutynin IR

· An increased heart rate and tachycardia occur more often with oxybutynin IR 

Drug Interactions2-9

All of the medications reviewed have the ability to interact with other drugs, dietary supplements or food.  Induction or inhibition of cytochrome P450 isozymes is a potential mechanism for all agents except trospium.  The extent which these interactions have been studied is minimal.  All agents have the potential to increase the anticholinergic burden of patients taking other medications with anticholinergic activity increasing their risk for adverse effects and toxicity.  All agents can potentially increase the risk for sedation when taken with other drugs with sedating effects.

Table 24.  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.

	Tolterodine
	· 2D6 inhibition increased tolterodine concentrations, fluoxetine increased tolterodine's concentration by 25%.

· 3A4 induction, reduced tolterodine concentrations

· 3A4 inhibition, increased tolterodine concentrations

· Food – increase bioavailability by 53% (IR only)
	· Increase  risk for adverse events and toxicity

· Reduced efficacy

· Adverse effects and toxicity;  Max. dose 2 mg/day with potent 3A4 inhibitors

· Negligible



	Trospium
	· Competition (theoretical) with other drugs eliminated by renal tubular secretion (e.g. digoxin, metformin, triamterene)
	· Increased or decreased effect of the affected drug(s) is possible, but no studies have been conducted

	Solifenacin
	· 3A4 induction, reduced solifenacin concentrations

· 3A4 inhibition, increased solifenacin concentrations
	· Reduced efficacy

· Adverse effects and toxicity; Max. dose 5 mg/day when used with a potent 3A4 inhibitor

	Darifenacin
	· 2D6 substrates  increased concentration via darifenacin inhibition

· 2D6 prodrug substrates increased concentration via darifenacin inhibition

· 2D6 inhibitor, e.g., paroxetine

· 3A4 induction, reduced darifenacin concentrations

· 3A4 inhibition, increased darifenacin concentrations
	· Possible adverse events or substrate toxicity 

· Decreased therapeutic response and possible prodrug toxicity

· No dose adjustment recommended

· Reduced efficacy

· Adverse effects and toxicity; Max dose 7.5 mg/day when potent 3A4 inhibitor is present (e.g., ketoconazole, ritonavir, clarithromycin)

	Fesoterodine
	· 2D6 inhibitors increase 5-HMT concentrations

· 3A4 inducers decrease 5-HMT  concentrations

· 3A4 inhibitors increase 5-HMT concentrations
	· Monitor

· Monitor

· Avoid dose >4 mg per day in patients taking strong 3A4 inhibtors; monitor


Darifenacin has not been shown to interact with warfarin or digoxin.  At steady state, tolterodine did not affect prothrombin time, Factor VII suppression or warfarin pharmacokinetics following a single 25 mg dose of warfarin.

Costs/Pharmacoeconomics 
Refer to VA pricing sources for updated information.
Conclusion9, 77-78

Based on placebo and comparative clinical trials, meta-analyses and systematic reviews, none of the antimuscarinic agents covered in this review should be considered superior in efficacy to the others in the treatment of OAB. Oxybutynin IR is probably 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.  All of the antimuscarinic agents appear in the 2012 American Geriatric Society Beers Criteria as drugs to avoid in older adults with delirium, dementia or cognitive impairment, or chronic constipation.77  Clinical trials (largely done in women) with these agents generally reduce the frequency of urge UI by 60-70% (compared to 30-50% in placebo), and the incidence of any dry mouth was in the range of 20-25%, with <5% severe and low drop out rates. Therefore, formulary and therapeutic decisions should be based on tolerability, adverse effects and drug interactions. No single agent has shown a clearly superior profile in these parameters.
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