Carvedilol

(Coreg)
Carvedilol Extended-Release

(Coreg CR) 
Classification:  Beta-Blocker with Alpha-Blocking Activity  

Pharmacology:  
Carvedilol has nonselective beta-adrenoreceptor and alpha-adrenergic blocking activity.  No intrinsic sympathomimetic activity has been documented.

In hypertension, carvedilol reduces the following: cardiac output; exercise-or beta-agonist-induced tachycardia; reflex orthostatic tachycardia; peripheral vascular resistance; renal vascular resistance; plasma renin activity.  Carvedilol also increases levels of atrial natriuretic peptide and is a vasodilator.  

In congestive heart failure (CHF), carvedilol decreases the following:  heart rate; pulmonary capillary wedge pressure; pulmonary artery pressure; systemic vascular resistance; right arterial pressure (RAP).  It increases the stroke volume index.  
Pharmacokinetics:

Absorption:  Carvedilol is rapidly and extensively absorbed following oral administration.  It undergoes a significant degree of first-pass metabolism and the absolute bioavailability ranges from 25-35%.  Food slows the rate, but not the extent, of bioavailability.  Taking carvedilol with food should minimize the risk of orthostatic hypotension.  

Distribution:  Carvedilol is a basic, lipophilic compound whose steady-state volume of distribution equals approximately 115 L, which indicates substantial distribution into the extravascular tissues.  It is more than 98% bound to plasma proteins, mainly albumin.

Metabolism:   Carvedilol is extensively metabolized by oxidation (phase I), primarily via CYP2D6 and CYP2C9.  Demethylation and hydroxylation at the phenol ring produce three active metabolites with B-receptor blocking activity.  Based on preclinical studies, one of these metabolites  (4’hydroxyphenyl) is an approximately 13 times more potent beta-blocker than the parent drug.  Compared to carvedilol, the three active metabolites exhibit weak vasodilating activity.  Carvedilol’s oxidative metabolites are conjugated via glucuronidation and sulfation (phase II).        
Elimination:   Following oral administration, the apparent mean terminal elimination half-life of carvedilol ranges from seven to ten hours.   Carvedilol’s metabolites are primarily excreted via the bile into the feces.  One study showed that less than 2% of the dose was excreted unchanged in the urine.   
Indications:

Carvedilol and carvedilol extended-release (Coreg CR) are indicated for heart failure, left ventricular dysfunction following myocardial infarction, and hypertension.    
Dosage and Administration:
Carvedilol should be taken with food to slow the rate of absorption and reduce orthostasis.  
Heart Failure:  Fluid retention should be minimized before carvedilol’s initiation.  The recommended starting dose is 3.125 mg po BID for 2 weeks; if tolerated, the dose can be doubled every two weeks up to 25 mg po BID.  A maximum dose of 50 mg po BID has been given to patients weighing over 85 kg who have mild-to moderate heart failure.
Extended release:  Initial dose is 10 mg once daily for two weeks; if the dose is tolerated, increase dose to 20 mg, 40 mg, and 80 mg over successive intervals of at least two weeks.

Left Ventricular Dysfunction following Myocardial Infarction:  Carvedilol should be initiated only after the patient is hemodynamically stable and fluid retention has been minimized.  The initial dose is 3.125-6.25 mg BID; if tolerated, after three to ten days, increase dosage to 12.5 mg BID, then again to the target dose of 25 mg BID.  
Extended release:  Initial dose is 20 mg once daily; increase dosage incrementally at intervals of 3 to 10 days to a target dose of 80 mg once daily.

Hypertension:  Initial dose is 6.25 mg twice daily; if tolerated, dose should be maintained for 1-2 weeks, then increased to 12.5 mg twice daily.  Dosage may be increased to a maximum of 25 mg twice daily after 1-2 weeks; maximum dose is 50 mg/day.
Extended release:  Initial 20 mg once daily, if tolerated dose should be maintained for 1-2 weeks then increased to 40 mg once daily if necessary; maximum dose is 80 mg once daily.
Contraindications:  

COREG is contraindicated in the following conditions:

· Bronchial asthma or related bronchospastic conditions.  Deaths from status asthmaticus have been reported following single doses of COREG.

· Second- or third-degree AV block

· Sick sinus syndrome

· Severe bradycardia (unless a permanent pacemaker is in place)

· Patients with cardiogenic shock or who have decompensated heart failure requiring the use of intravenous inotropic therapy.  Such patients should first be weaned from intravenous therapy before initiating COREG.

· Patients with severe hepatic impairment

· Patients with a history of a serious hypersensitivity reaction (e.g., Stevens-Johnson syndrome, anaphylactic reaction, angioedema) to carvedilol, any of the components of COREG, or to COREG CR

Warnings/Precautions and Adverse Reactions:
Cessation of therapy:  Patients who have coronary artery disease (CAD) should be advised against abrupt discontinuation of therapy with Coreg.  Severe exacerbation of angina and the occurrence of myocardial infarction and ventricular arrhythmias have been reported in angina patients following the abrupt discontinuation of therapy with B-blockers.  Coreg should be discontinued over one to two weeks whenever possible; because CAD is common and may be unrecognized, it may be prudent not to discontinue therapy with Coreg abruptly even in patients treated only for hypertension or heart failure.

Dizziness:  In patients with mild-moderate heart failure, dizziness occurred in 32% of patients taking Coreg compared to 19% of patients on placebo.  In patients with severe heart failure, dizziness occurred in 24% of patients taking Coreg compared to 17% of patients taking placebo.
Bradycardia:  If pulse rate drops below 55 beats/minute, the dosage should be reduced.

In clinical trials, Coreg caused bradycardia in about 9% of heart-failure patients, 6.5% of myocardial patients with left ventricular dysfunction, and 2% of hypertensive patients.
Hypotension:  Risk is highest during up-titration.  Starting with a low dose, administration with food, and gradual up-titration should decrease the likelihood of syncope or excessive hypotension.

In clinical trials of mild-to-moderate heart failure, hypotension and postural hypotension occurred in 9.7% and syncope in 3.4% of patients receiving Coreg compared to 3.6% and 2.5% of placebo patients, respectively.  In a clinical trial conducted in patients with severe heart failure (COPERNICUS), hypotension and postural hypotension occurred in 15.1% and syncope in 2.9% of heart failure patients receiving Coreg compared to 8.7% and 2.3% of placebo patients, respectively.  These events led to discontinuation in 1.1% of patients receiving Coreg, compared to 0.8% of placebo patients. 
In the CAPRICORN study of survivors of an acute myocardial infarction, hypotension or postural hypotension occurred in 20.2% of patients receiving Coreg compared to 12.6% of patients receiving placebo.  Syncope was reported in 3.9% and 1.9% of patients, respectively.  These events led to discontinuation of therapy in 2.5% of patients receiving Coreg, compared to 0.2% of placebo patients.  

In hypertensive patients, postural hypotension occurred in 1.8% and syncope in 0.1% of patients, mainly following the initial dose or at the time of dose increase.  These events led to discontinuation of therapy in 1% of patients treated with carvedilol (versus 0 treated with placebo).  
Heart Failure/Fluid Retention:  Worsening heart failure or fluid retention may occur during the up-titration of carvedilol.  If this occurs, diuretics should be increased and the carvedilol dose should not be advanced until clinical stability is achieved.  It is occasionally necessary to lower the carvedilol dose or temporarily discontinue it; these episodes do not preclude subsequent successful titration of, or a favorable response to, carvedilol.  
In a the first 3 months of a placebo-controlled trial of patients with severe heart failure (COPERNICUS), worsening heart failure was reported to a similar degree with carvedilol and with placebo.  Beyond three months, worsening heart failure was reported less frequently in patients treated with carvedilol than with placebo.  Worsening heart failure observed during long-term therapy is more likely to be related to the patients’ underlying disease than to treatment with carvedilol.
Non-allergic Bronchospasm
Patients with bronchospastic disease (e.g., chronic bronchitis and emphysema) should, in general, not receive B-blockers; however, Coreg may be used with caution in patients who cannot tolerate or who do not respond to other antihypertensive agents.  To minimize the inhibition of endogenous or exogenous B-agonists, the smallest effective dose should be used.  The dose should be lowered if any evidence of bronchospasm is observed during up-titration.  In clinical trials of patients with heart failure, patients with bronchospastic disease were enrolled if their bronchospastic condition did not require treatment with oral or inhaled medication.
Glycemic Control in Type 2 Diabetes
In general, beta-blockers may mask some of the manifestations of hypoglycemia, particularly tachycardia.  

In heart failure patients with diabetes, carvedilol may lead to worsening hyperglycemia.  Blood glucose should be monitored when carvedilol dosing is initiated, adjusted, or discontinued.  Studies designed to examine the effects of carvedilol on glycemic control in patients with diabetes and heat failure have not been conducted.

In a study that examined carvedilol’s effect on glycemic control in patients with mild-to-moderate hypertension and well-controlled type 2 diabetes, carvedilol had no adverse effect on glycemic control (based on HbA1c measurements).
Monitoring Parameters:  Heart rate, blood pressure (base need for dosage increase on trough blood pressure measurements and for tolerance on standing systolic pressure 1 hour after dosing); renal studies, liver function.  In patients with renal dysfunction, monitor during dosage titration.
Drug Interactions

Increased Effect/Toxicity:  Amiodarone and fluconazole inhibit CYP 2C9, thus increasing the levels/effects of carvedilol.  Other CYP 2C9 inhibitors include delavirdine, gemfibrozil, ketoconazole, nicardipine, NSAIDs, sulfonamides, and tolbutamide.

CYP 2D6 inhibitors may also increase the levels/effects of carvedilol.  Example inhibitors include chlorpromazine, delavirdine, fluoxetine, miconazole, paroxetine, pergolide, quinidine, quinine, ritonavir, and ropinirole.

Cimetidine may increase serum levels/effects of carvedilol.  SSRI’s may decrease the metabolism of carvedilol.

Fentanyl may increase the bradycardic and hypotensive effects of beta-blockers.  Calcium channel blockers may add to carvedilol’s hypotensive effect.      

Carvedilol may increase the levels/effects of cyclosporine and digoxin.
Decreased Effect:  CYP 2C9 inducers may decrease the levels/effects of carvedilol; example inducers include carbamazepine, phenobarbital, phenytoin, rifampin, rifapentine, and secobarbital.  

Concurrent use of amphetamines, NSAID’s, or salicylates can lead to decreased antihypertensive effect of beta-blockers.  Beta-blockers may counteract the desired effects of beta-agonists. 
Cost Comparison of Carvedilol versus Coreg CR    
	Carvedilol strength*
	AWP price per 100 tabs
	AWP price per tab
	Purchase price per 100 tabs
	Purchase price per tab

	12.5 mg
	$211.31
	$2.11
	$4.36
	$0.0436

	25 mg
	$211.31
	$2.11
	$4.36
	$0.0436

	50 mg
	$211.31
	$2.11
	$4.36
	$0.0436


*CARA  
	Coreg CR strength
	AWP price per #30
	AWP price per capsule
	Purchase price per #30
	Purchase price per capsule

	20 mg
	$136.61
	$4.55
	$104.88
	$3.50

	40 mg
	$136.61
	$4.55
	$104.88
	$3.50

	80 mg
	$136.61
	$4.55
	$104.88
	$3.50


Efficacy:

Heart Failure:   COMET (Carvedilol Or Metoprolol European Trial) was a double-blind trial in which 3,029 patients with NYHA class II-IV heart failure (left ventricular ejection fraction < 35%) were randomized to receive either carvedilol at a target dose of 25 mg BID or immediate-release metoprolol tartrate at a target dose of 50 mg BID.  Approximately 96% of the patients had NYHA class II or III heart failure, mean age was approximately 62 years, 80% were male, and the mean left ventricular ejection fraction at baseline was 26%.  Concomitant treatment included diuretics (99%), ACE inhibitors (91%), digitalis (59%), aldosterone antagonists (11%), and “statin” lipid-lowering agents (21%).  The average duration of follow-up was 4.8 years and the mean dose of carvedilol was 42 mg per day.  

COMET’s two primary end points were all-cause mortality and the composite of death plus hospitalization for any reason.  All-cause mortality was 34% in the patients treated with carvedilol and 40% in the patients treated with immediate-release metoprolol (p = 0.0017; hazard ratio = 0.83, 95% CI = 0.74-0.93).  Reduction in cardiovascular death primarily accounted for the drop in mortality; estimated mean survival was 8.0 years with carvedilol and 6.6 years with immediate-release metoprolol.  There was no significant difference between the two groups with respect to the composite end point (p = 0.122).  The COMET trial extends the time over which carvedilol benefits survival in heart failure; however, it is not evidence that carvedilol improves outcomes over the extended-release formulation of metoprolol (TOPROL-XL®)
The COPERNICUS trial was conducted in 2,289 patients with severe heart failure living in Eastern and Western Europe, the United States, Israel, and Canada.  Severe heart failure was defined as heart failure at rest or with minimal exertion and a left ventricular ejection fraction < 25% (mean 20%) despite therapy with digitalis (66%), diuretics (99%), and ACE inhibitors (89%).  In this double-blind trial, patients were randomized to placebo or carvedilol; carvedilol was titrated from 3.125 mg po BID to the maximum tolerated dose or up to 25 mg po BID over a minimum of six weeks.
COPERNICUS’ primary end point was all-cause mortality.  A data monitoring committee followed the developing trial data.  The trial was stopped after a median follow-up of ten months because of a 35% reduction in mortality (from 19.7% per patient year on placebo to 12.8% on carvedilol, hazard ratio 0.65, 95% CI 0.52-0.81, p = 0.0014, adjusted).  Hospitalizations were also assessed.  Fewer patients on carvedilol than on placebo were hospitalized for any reason (372 versus 432, p = 0.0029), for cardiovascular reasons (246 versus 314, p = 0.0003), or for worsening heart failure (198 versus 268, p = 0.0001).  Carvedilol’s benefits extended to all subgroups examined, including men and women, elderly and non-elderly, blacks and non-blacks, and diabetics and non-diabetics.
Carvedilol extended-release (Coreg CR) was approved for use in heart failure based on pharmacokinetic and pharmacodynamic (beta-1 blockade) equivalence with Coreg.

The COMPARE trial was presented at the Heart Failure Society of America 2008 Scientific Meeting.  It showed that, in patients with stable, chronic, mild to severe ischemic or non-ischemic heart failure and an LVEF < 40%, once-a-day carvedilol (Coreg-CR) is “non-inferior” to the twice-daily version.  The primary end-point of this 24-week, randomized, double-blind,“double-dummy” trial was change in LV end-systolic-volume index (LVESVI); secondary end points were left ventricular ejection fraction (LVEF) and B-type natriuretic peptide (BNP).
Echocardiographic, Hemodynamic, and Biomarker Changes for 253 patients who completed the COMPARE trial, CR vs IR Carvedilol
	End point
	CR carvedilol, n = 125
	IR carvedilol, n = 128
	p

	∆ in LVESVI (ml/m2)
	-20.8
	-18.4
	0.98

	∆ in LVEF (% points)
	+8
	+8
	NS

	∆ in systolic BP (mm Hg)
	+7.5
	+1.4
	0.0005

	∆ in BNP (pg/mL)
	-96.7
	-102.8
	NS


Left Ventricular Dysfunction Following Myocardial Infarction:  The CAPRICORN study was a double-blind trial that compared carvedilol and placebo in 1,959 patients who had experienced a MI within the last 21 days and who had a left ventricular ejection fraction <  40%, with (47%) or without symptoms of heart failure.  Background treatment included ACE inhibitors or angiotensin receptor blockers (97%), anticoagulants (20%), lipid-lowering agents (23%), and diuretics (34%).  Patients’ average age was 63 years, 74% male, 95% Caucasian, mean blood pressure 121/74 mm HG, 22% with diabetes, and 54% with a history of hypertension.  Mean dose of carvedilol was 20 mg po BID, mean duration of follow-up was 15 months.  
Nearly all deaths were cardiovascular.  All-cause mortality was 15% in the placebo group and 12% in the carvedilol group, which indicates a 23% risk reduction in patients treated with carvedilol (95% CI 2-40%, p = 0.03).  Compared to patients treated with placebo, patients treated with carvedilol demonstrated a 40% risk reduction in fatal or non-fatal myocardial infarction (95% CI 11%-60%, p = 0.01).  The end point of total mortality and all-cause hospitalization did not show a significant improvement.
Carvedilol extended-release (Coreg CR) was approved for use in left ventricular dysfunction based on pharmacokinetic and pharmacodynamic (beta-1 blockade) equivalence with Coreg.

Hypertension

Carvedilol has been studied in 2 placebo-controlled trials utilizing dosing ranging from 6.25 mg BID to 25 mg BID.  .25mg twice daily to 25mg twice daily.betes mellitus and hypertension. JAMA 2004; 292: ffects of carvedilol vs The starting dose utilized in the trials did not exceed 6.25 mg BID.  The peak effect was noted after 1 to 2 hours.  Dose-related reductions in blood pressure are accompanied by dose-related increases in adverse effects.  Blood pressure response was smaller in black than non-black patients.  No age or gender-related changes in response were noted. 
Table 1:  Change in heart rate and blood pressure with carvedilol immediate release

	Dose
	Change in Heart Rate
	Reduction in SBP/DBP at 12-Hour Trough (mmHg)

	12.5 mg BID
	N/A
	-7.5/-3.5

	25 mg BID
	↓ by 7.5 beats per minute
	-9/-5.5


Carvedilol’s antihypertensive effect has also been compared to three other B-blockers: atenolol, labetalol and metoprolol.  Atenolol was compared with carvediol in a randomized, double-blind, double-dummy parallel-group study of 258 patients with mild to moderate essential hypertension (sitting or standing diastolic blood pressure (DBP) 95-115mmHg).  Patients were randomized to carvedilol 12.5mg daily, atenolol 50mg daily or placebo.  Medication was titrated up weekly if DBP was >90 until the DBP was <80mmHg or the SBP was <120mmHg. Mean age was 54.9 years.  Thirteen percent of carvedilol patients were maintained on 25mg daily and 77% were maintained on 50mg daily.  After an average of 25 to 29 days, carvedilol and atenolol demonstrated statistically significant reductions in blood pressure compared to placebo.  However, atenolol demonstrated significantly greater reductions in blood pressure compared to carvedilol. (Data on file, 095C1109)

Table 2:  Change in sitting and standing DBP of placebo, atenolol and carvedilol
	Drug
	Change in sitting DBP (mmHg)
	Change in standing DBP (mmHg)

	Placebo
	-3.5
	-2.3

	Carvedilol (12.5-50mg daily)
	-6.4
	-7.5

	Atenolol (50-100mg daily)
	-11.3
	-9.9


Carvedilol was compared to labetalol in a randomized, placebo-controlled, double-blind, parallel-group study of 264 patients (Mean age 54 years).  Patients with mild-moderate essential hypertension were recruited (sitting or standing DBP 95 to 115mmHg).  Patients were randomized to carvedilol 6.25 to 25mg BID, labetalol 100 to 400mg BID, or placebo for 8 weeks.  Carvedilol and labetalol demonstrated statistically significant reductions in blood pressure compared to placebo but not when compared to each other (Data on file, 028 (B104).

Table 3:  Change in sitting DBP after 8 week treatment with placebo, carvedilol, labetalol
	Drug
	Change in sitting DBP (mmHg)

	Placebo
	-4.1

	Carvedilol (6.25-25mg BID)
	-6.3

	Labetalol (100-400mg BID)
	-8.6


Hypertension with Type 2 Diabetes

The GEMINI trial, (Glycemic Effects in Diabetes Mellitus:  CarvedIlol-Metoprolol ComparisoN in HypertensIves), was a randomized, double-blind, parallel group, multi-center trial that compared the effects of carvedilol and metoprolol tartrate on glycemic control in patients with hypertension and type 2 diabetes.  Patients receiving an angiotension converting enzyme (ACE) inhibitor or angiotensin II receptor blocker (ARB) between the ages of 36 – 85 years with an HbA1c of 6.5% to 8.5% and BP >130/80 mmHg (but <180/110 mmHg) were randomized in a 2:3 ratio to receive carvedilol 6.25-25 mg BID (n = 498) or metoprolol tartrate 50-200mg BID (n = 737).  Blood pressure medications were titrated every 1-2 weeks to target and then maintained for 5 months (if baseline SBP was 140-179mmHg then the target was <135mmHg, if baseline SBP is 130-140mmHg then target was <130mmHg, for DBP the target was <85mmHg if baseline was between 90-109mmHg or <80 if baseline DBP was between 80-90mmHg).  Hydrochlorothiazide and then a calcium channel blocker were added if needed to reach target blood pressure if maximum doses of B-blockers were inadequate.  The mean age was 60 years, 44% were female, 75% were white in this study.  The mean total daily dose of carvedilol was 35mg and metoprolol was 256mg.  

There was a mean increase in HbA1c with metoprolol of 0.15% (SD 0.04%, p < 0.001); carvedilol caused a mean increase of 0.02% (SD 0.04%, p = 0.65).  The increase from baseline was not significant for carvedilol.  The difference between the mean change in HbA1c from baseline is 0.13% (95% CI 0.2% to  p = 0.004).  Approximately two percent (2.2%) of metoprolol patients compared to 0.6% of carvedilol patients withdrew from the study due to worsening glycemic control.  No significant difference was noted between carvedilol or metoprolol in terms of blood pressure reduction or safety profile.  (GEMINI study, Bakris et al.)
Table 4:  Change in blood pressure, heart rate and HbA1c with carvedilol or metoprolol in diabetic patients
	Drug
	Change in Blood Pressure (mmHg)
	Change in Heart Rate (beats per minute)
	Change in HbA1c 

	Carvedilol (6.25-25mg BID)
	-18.1/-9.9
	-6.1 
	+0.02%

	Metoprolol (25-200mg BID)
	-16.9/-9.5
	-8.5
	+0.15%


Carvedilol Controlled Release (Coreg CR®)

The efficacy of carvedilol controlled release has been evaluated in one multicenter, randomized, double-blind, placebo-controlled, parallel-group trial.5,6,7 Three subsets of patients with essential hypertension were recruited for this trial (1) those with uncontrolled hypertension (sitting diastolic blood pressure (DBP) ≥90mmHg and ≤109mmHg ) on no treatment, (2) those with a history of hypertension but controlled (DBP>90mmHg) on antihypertensive therapy, and (3) those with uncontrolled hypertension (DBP ≥90mmHg and ≤109mmHg ) despite treatment with up to 2 antihypertensive agents not ß-blockers.  Patients were randomized to placebo, carvedilol 20, 40 and 80mg daily and force-titrated every 2 weeks to target dose.  Measurements were obtained using ambulatory blood pressure monitoring (ABPM).  The mean age of the patients was 53 years old, 66% were male, 84% were on no antihypertensive medications at baseline and baseline systolic blood pressure (SBP) and DBP was 150/99mmHg.  

The primary outcome of this trial was the change in mean 24-hour DBP as measured by ABPM.  A statistical difference was found in DBP when all doses were compared to placebo (P≤0.001).  Other results from this trial are listed in table #.
Table #5:  Carvedilol controlled-release change in blood pressure and heart rate
	Dose
	Change in mean 24-hour SBP/DBP from baseline to week 6  (mmHg)
	Change in mean SBP/DBP from baseline to mean peak (3-7 hours post dose) (mmHg)
	Changes in mean SBP/DBP from baseline to mean trough (20-24 hours post dose) (mmHg)
	Change in mean heart rate from baseline to week 6 (beats per minute)

	Placebo (n=67)
	-0.63/-0.36
	0.00/+0.38
	+0.09/+0.04
	+0.1

	20mg daily (n=76)
	-6.75/-4.39 
	-7.13/-4.21
	-3.22/-2.75 
	-6.6

	40mg daily (n=66)
	-10.06/-7.92 
	-13.69/-9.80
	-4.77/-5.12 
	-7.3

	80mg daily (n=75)
	-12.48/-9.56 
	-15.29/-11.43
	-8.35/-7.33 
	-9.9


[image: image1.emf]
Conclusions:

Clinical trial data support the use of three beta blockers in heart failure:  carvedilol (Coreg), metoprolol succinate (Toprol XL), and bisoprolol (Zebeta).  Like long-acting metoprolol, carvedilol appears to be equally efficacious in blacks and whites (Hanks, 2006).  Compared to other beta-blockers, carvedilol may have less of an adverse effect on carbohydrate and lipid metabolism (Bakris GL, 2004).
Recommendation:

Carvedilol:  recommended for addition to the formulary

Carvedilol extended-release:  not recommended for addition to the formulary
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