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Executive Summary:  

· Tolvaptan is the first U.S. Food and Drug Administration (FDA) approved orally administered selective vasopressin V2-receptor antagonist for the treatment of clinically significant hypervolemic and euvolemic hyponatremia (serum sodium <125 mEq/L or less marked hyponatremia that is symptomatic and has resisted correction with fluid restriction).  
· Tolvaptan should not be used in patients requiring urgent intervention to raise serum sodium or to treat serious neurologic symptoms.  It has not been established that raising serum sodium with tolvaptan provides a symptomatic benefit.

· By selectively antagonizing only vasopressin V2-receptors, tolvaptan causes an increase in free water clearance, a decrease in urine osmolality and an increase in serum sodium concentrations.

· Evidence for use in hyponatremic patients was based on two identical phase III trials which studied change in the average daily area under the curve (AUC) for serum sodium concentration from baseline to day 4 and from baseline to day 30 in patients with euvolemic or hypervolemic hyponatremia (serum sodium levels <135 mEq/L). A sample of 225 patients was initiated with 15 mg of tolvaptan daily and titrated up to 60 mg as needed compared to a sample of 223 patients who were given placebo.  Diseases associated with hyponatremia in all treatment arms ranged from 28-39% of patients for heart failure, 20-31% for cirrhosis, and 40-48% for syndrome of inappropriate antidiuretic hormone secretion (SIADH). Mean serum sodium ranged from 128.7 mEq/L-129.5 mEq/L. The increase in average daily AUC for serum sodium concentration from baseline to day 4 in tolvaptan-treated patients was greater than in the placebo group: 3.62 mEq/L (SD=2.68, n=95) and 4.33 mEq/L (SD=2.87, n=118) with tolvaptan compared to 0.25 mEq/L (SD=2.08, n=89) and 0.42 mEq/L (SD=2.56, n=114) with placebo. Similarly, the increase in average daily AUC for serum sodium concentration from baseline to day 30 was greater in tolvaptan-treated patients than in placebo-treated patients: 6.22 mEq/L (SD=4.10, n=95) and 6.20 mEq/L (SD=3.92, n=118) with tolvaptan compared to 1.66 mEq/L (SD=3.59, n=89) and 1.84 mEq/L (SD=3.83, n=114) with placebo.  
· Phase III trials in patients with hyponatremia also showed a higher mean serum sodium concentration at days 4 and 30 in tolvaptan subjects compared to placebo. Other significant secondary efficacy measures showed that patients treated with tolvaptan had increased urine output, greater reductions in weight, and a greater proportion of patients with normalized serum sodium concentrations. Patients treated with tolvaptan reported no difference in change from baseline to day 30 in the Short Form-12 survey Physical Component Summary (PCS) score compared to the change in patients with placebo. However, tolvaptan subjects had a greater increase in the Mental Component Summary (MCS) score compared to placebo in the combined SALT-1 and 2 analysis, though the clinical significance of this improvement is unclear (the form has not been validated to assess symptoms of hyponatremia).
· Most commonly reported adverse events with tolvaptan in clinical trials included polyuria or pollakiuria, thirst, dry mouth, asthenia, constipation and hyperglycemia. 

· Due to risk of overly rapid correction of serum sodium, tolvaptan can only be initiated during hospitalization and serum sodium must be closely monitored. Also, tolvaptan is contraindicated in patients with an urgent need to raise serum sodium acutely. In phase III clinical trials, 5.3% of tolvaptan-treated patients compared to 0.5% of placebo-treated patients had a rise of serum sodium >8 mEq/L at 8 hours post-first dose. Approximately, 1.1% of subjects in the tolvaptan arm had a rise >12mEq/L at 24 hours post-first dose. No incidences of either event were reported for placebo.

· Tolvaptan is contraindicated in patients who are hypovolemic due to the risk of dehydration. Furthermore, patients cannot be fluid restricted during the first 24 hours of tolvaptan therapy.

· Tolvaptan is a CYP 3A substrate and therefore cannot be used with strong CYP 3A inhibitors. Use with moderate CYP 3A inhibitors should be avoided and use with CYP 3A inducers may require tolvaptan dose adjustments. Tolvaptan is also a P-gp substrate and may require decreased doses when taken with a p-glycoprotein (P-gp) inhibitor.

· Most other clinical studies investigated the use of tolvaptan 30 mg daily for the treatment of heart failure, which did not show efficacy for various outcomes, including long-term mortality. The majority of data came from these studies and, therefore, overall evidence and safety data for the treatment of (1) marked and/or symptomatic hyponatremia, (2) diseases other than heart failure that may cause hyponatremia and (3) use of doses greater than 30 mg is limited.

Introduction1,2

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating tolvaptan for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Tolvaptan is the first U.S. FDA approved orally administered selective vasopressin V2-receptor antagonist indicated for the treatment of clinically significant hypervolemic and euvolemic hyponatremia. Clinically significant hyponatremia is defined as (1) serum sodium <125 mEq/L or (2) less marked hyponatremia that is symptomatic and resistant to correction with fluid restriction.

Hyponatremia is caused by numerous underlying conditions and is classified into 3 main categories: hypovolemic depletional hyponatremia, euvolemic dilutional hyponatremia, and hypervolemic dilutional hyponatremia. Tolvaptan is only indicated for use in euvolemic and hypervolemic hyponatremia. Euvolemic hyponatremia occurs when there is a mild to moderate increase in total body water without clinically evident edema and can be caused by SIADH and primary polydipsia. Hypervolemic hyponatremia usually presents with clinically evident edema resulting from an increase in total body water and can result from advanced heart failure, cirrhosis, or severe renal disease. Clinical manifestations of hyponatremia typically do not develop until serum sodium levels are <120 mEq/L. Mild symptoms include nausea and malaise. Moderate symptoms, such as dizziness, gait disturbance, lethargy and confusion, can occur with chronic hyponatremia. Severe symptoms occur with acute, rapid sodium decreases (within 48 hours or less) and can manifest as seizures and coma.

Treatment strategies are targeted at (1) correcting the underlying disease, (2) replacing sodium with normal or hypertonic saline and (3) removing excess fluid using fluid restriction, diuretics or vasopressin receptor antagonists. Conivaptan is the only non-selective vasopressin receptor antagonist approved for use in euvolemic or hypervolemic hyponatremia. Arginine vasopressin (AVP), a peptide hormone, suppresses the body’s excretion of water by acting on V2 receptors in the kidneys and is elevated in many disease states associated with dilutional hyponatremia. AVP also acts on V1a receptors to cause vasoconstriction and increased blood pressure. Tolvaptan acts by selectively antagonizing V2 receptors, thereby increasing water excretion without the loss of electrolytes, such as sodium and potassium.

Tolvaptan was also studied in patients with acute decompensated heart failure. Some evidence for efficacy and safety has been shown for short-term use but long-term data are lacking.

Pharmacology/Pharmacokinetics1,2
Tolvaptan selectively antagonizes vasopressin V2-receptors. Increased serum osmolality or decreased effective circulating volume is sensed by osmoreceptors and stretch receptors which in turn stimulate the release of arginine vasopressin (AVP), also called antidiuretic hormone (ADH). AVP acts on 3 different receptors with various responses: V1a in vascular smooth muscles that cause vasoconstriction, V1b in the pituitary which leads to release of adrenocorticotropic hormone (ACTH) and V2 in the collecting ducts of the kidney which promotes water retention. 

Tolvaptan has an affinity for the V2-recptor that is 29 times greater than for the V1a-receptor. It also has an affinity for the V2-receptor that is 1.8 times greater than for native AVP. Therefore, when tolvaptan is taken orally, it causes an increase in free water clearance (aquaresis), a decrease in urine osmolality, and an increase in serum sodium concentrations.

Table 1.
Pharmacokinetic parameters of tolvaptan.

	Parameter
	Drug

	Bioavailability
	~40% as tolvaptan or metabolites

	Onset
	2-4 hours post-dose

	Peak effect
	4-8 hours post-dose

	Volume
	3 L/kg

	Protein binding
	99%

	Metabolism
	CYP 3A 

	Clearance
	4 mL/min/kg in normal healthy subjects; 
2 mL/min/kg in patients with hyponatremia of any origin

	Elimination
	Non-renal

	Half-life
	12 hours terminal phase half-life


· Area under the curve (AUC) increases proportionally with doses up to 60 mg 

· Percent coefficient of intersubject variation ranges between 30 and 60% in terms of peak and average exposure to tolvaptan

· Moderate or severe hepatic impairment or congestive heart failure decrease the clearance and increase the volume of distribution of tolvaptan but the respective changes are not clinically relevant

FDA Approved Indication(s)1
Tolvaptan is indicated for the treatment of clinically significant hypervolemic and euvolemic hyponatremia (serum sodium < 125 mEq/L or less marked hyponatremia that is symptomatic and has resisted correction with fluid restriction), including patients with heart failure, cirrhosis, and SIADH. However, patients requiring interventions to raise serum sodium urgently to prevent or to treat serious neurological symptoms should not be treated with tolvaptan.

Potential Off-label Uses
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).

Tolvaptan has also been studied, but is not indicated, for the treatment of acute decompensated heart failure (discussed further under Efficacy section).

It has been theorized that V2-receptors may play a role in the development of some types of polycystic kidney disease. Currently, a Phase III, multicenter, double-blind, placebo-controlled, parallel-arm trial studying the use of tolvaptan for polycystic kidney disease is on-going.4  

Current VA National Formulary Alternatives

There are currently no other selective vasopressin V2-antagonists on the National formulary. Conivaptan is an approved non-selective vasopressin antagonist but is non-formulary.

Treatment of euvolemic and hypervolemic hyponatremia is dependent on the etiology of the disease. Fluid restriction is the most common treatment strategy for the majority of cases of hyponatremia. In patients with SIADH, demeclocycline and lithium have been studied as pharmacologic strategies.5,6 Patients with chronic heart failure or cirrhosis, who are usually hypervolemic, are treated with sodium restriction and diuretic therapy.5 Diuretic agents generally include loop diuretics, such as furosemide, and/or potassium-sparing, distal-acting diuretics, such as spironolactone. Patients with severe, symptomatic hyponatremia, are typically treated with hypertonic saline.7
Dosage and Administration1
Tolvaptan is available for oral use only. It should be initiated and re-initiated only in a hospital setting.

The recommended starting dose is 15 mg once daily without regards to meals. Dosage may be increased at intervals ≥24 hours to 30 mg once daily and to a maximum of 60 mg once daily as needed to raise serum sodium.

Renal Impairment

No dose adjustment is necessary for patients with a creatinine clearance 10 mL/min or greater. Patients who have a creatinine clearance <10 mL/min have not been adequately studied. There is no benefit for patients who are anuric. 

Hepatic Impairment

No dose adjustment is necessary for patients with moderate or severe hepatic impairment.
How Supplied/Storage and Handling1
Tolvaptan is available in 15 mg and 30 mg tablets in blister packs of 10. Storage should be at 25˚C (77 ˚F), excursions permitted between 15 ˚C and 30 ˚C (59 ˚F to 86 ˚F).

Monitoring1
Serum sodium, serum electrolytes and volume status must be monitored frequently while receiving tolvaptan. Rapid correction of hyponatremia (>12 mEq/L in 24 hrs) can cause osmotic demyelination resulting in severe sequelae which includes seizures and death. Patients with a higher risk of osmotic demyelination, such as those with severe malnutrition, alcoholism or advanced liver disease, should be monitored more closely and slower rates of correction may be advisable. Furthermore, recent expert panel recommendations have suggested the rate of correction of hyponatremia should be <10 mEq/L in 24 hours.7 Patients should not be on fluid restriction for the first 24 hours of tolvaptan therapy and therefore should be advised to continue ingestion of fluids in response to thirst.

Efficacy in Euvolemic or Hypervolemic Hyponatremia 
Efficacy Measures

The primary efficacy endpoints in the Phase III trials with tolvaptan in patients with non-hypovolemic hyponatremia (serum sodium concentration <135 mEq/L) were change in the average daily AUC for the serum sodium concentration from baseline to day 4 and from baseline to day 30.8 Secondary endpoints included change in AUC for the serum sodium concentration in patients with marked hyponatremia (<130 mEq/L), the absolute serum sodium concentration at each visit, the time to normalization of the serum sodium concentration (>135 mEq/L), the percentages of patients with serum sodium concentrations that had normalized at days 4 and 30, the categorical serum sodium concentration of days 4 and day 30 (normal, >135 mEq/L; mild hyponatremia, 130-135 mEq/L; or marked hyponatremia, <130 mEq/L), fluid intake/output on day 1, change in body weight in patients with hypervolemoic hyponatremia on day 1, fluid restriction or use of intravenous saline as rescue therapy, and change from baseline in scores on the Physical Component Summary and Mental Health Component Summary of the Medical Outcomes Study 12-item Short-Form (SF-12) General Health Survey. The significance of these clinical measures in patients with asymptomatic hyponatremia is unclear, but with no established endpoints for efficacy, rise in serum sodium levels is an acceptable surrogate endpoint.3
Summary of Efficacy Findings (see Appendix 1 for details)

Phase III Studies 

At the time of this review, there were two randomized, placebo-controlled, multicenter, double-blinded clinical trials, SALT-1 and 2, evaluating the efficacy of tolvaptan in patients with hyper- or euvolemic hyponatremia.8 Furthermore, there were six randomized, placebo-controlled trials which evaluated the use of tolvaptan in patients with heart failure but also included those with hyponatremia.

SALT-1 and 2 were two identically conducted trials which evaluated a total of 448 euvolemic or hypervolemic patients with a serum sodium <135 mEq/L.8 Patients were 18 years of age or older with chronic heart failure, cirrhosis or SIADH in association with the hyponatremia. Patients with clinically evident hypovolemic hyponatremia, severe renal impairment (serum creatinine >3.5mg/dL), advanced liver disease (Child-Pugh score >10), uncontrolled diabetes mellitus, progressive, episodic neurological disease, or serum sodium concentration less than 120 mEq/L in association with neurological impairment were excluded from these studies. Patients who were judged to have little chance of short-term survival or who may not tolerate sudden shifts in fluid volumes or pressures were also ineligible.
A sample of 225 subjects were randomized to receive tolvaptan 15 mg oral tablets daily and were increased to 30 mg or from 30 mg to 60 mg. If serum sodium remained <136 mEq/L and had increased by <5 mEq/L during the prior 24 hours, the dose was increased. A control sample of 223 subjects was randomized to receive placebo. Subjects were treated for 30 days and followed for 37 days. All patients were hospitalized during the initiation of study drug but most were discharged by day 4. Only patients with data for baseline and one or more times after baseline were included in the primary efficacy analyses.8 

Table 2. Primary and secondary efficacy results from SALT-1 and 2 Trials8* 
	
	SALT-1
	SALT-2

	
	Tolvaptan
	Placebo
	Tolvaptan
	Placebo

	Primary Endpoint:  Change in avg daily AUC of serum sodium from baseline in mEq/L; mean (SD)
	n
	95
	89
	118
	114

	
	Day 4
	3.62 (2.68)
	0.25 (2.08)
	4.33 (2.87)
	0.42 (2.56)

	
	Day 30
	6.22 (4.10)
	1.66 (3.59)
	6.20 (3.92)
	1.84 (3.83)

	Secondary Endpoint:  Absolute change in serum sodium in mEq/L; mean (SD)
	Baseline
	128.5 (4.5)
	128.7 (4.1)
	129 (3.5)
	128.9 (4.5)

	
	n
	95
	88
	115
	112

	
	Day 4
	133.9 (4.8)
	129.7 (4.9)
	135.3 (3.6)
	129.6 (5.2)

	
	n
	95
	89
	114
	98

	
	Day 30
	135.7 (5.0)
	131.0 (6.2)
	135.9 (5.9)
	131.5 (5.7)


*p-values are <0.0001 for all comparisons between tolvaptan and placebo
Change in average daily AUC of serum sodium concentrations from baseline at days 4 and 30 were greater in subjects treated with tolvaptan compared to those with placebo in both trials (Table 2). Secondary analyses also showed a higher mean serum sodium concentration at days 4 and 30 in tolvaptan subjects compared to placebo. Other significant secondary efficacy measures showed that patients treated with tolvaptan had increased urine output, greater reductions in weight, and a greater proportion of patients with normalized serum sodium concentrations (>135 mEq/L) at day 30 than placebo (53% versus 25% for SALT-1 and 58% versus 25% for SALT-2).8 Of note, the definition of normal serum sodium concentrations was changed from the inclusion criteria (≥135 mEq/L) to the results (>135 mEq/L).

Short Form (SF)-12, a 12-item health-related quality of life (HRQOL) measurement tool in which higher values represent better health, was used in order to analyze changes in the MCS and PCS from baseline to day 30. The authors reported greater increases in the MCS score with patients treated with tolvaptan compared to placebo in the combined analysis (p=0.02) and in SALT-1 alone (p=0.04) but not in SALT-2 alone (p=0.14). FDA review commented that little weight should be put on these findings due to concern for bias and methodology.3 The MCS score is not a validated measure of hyponatremia-specific symptoms, such as cognitive function. The test also contains questions that may not be related to hyponatremia, such as pain and anxiety.3 There were no statistically significant differences in PCS. Patients treated with tolvaptan required less fluid restriction. However, fluid restriction is the standard of treatment for euvolemic or hypervolemic hyponatremia and has no reported significant toxicity.3 A clinical trial attempting to compare tolvaptan to fluid restriction was discontinued early due to enrollment difficulties.9   

Patients with a serum sodium concentration <120 mEq/L in association with neurologic impairment, the most likely cause of morbidity and mortality within this disease state, were excluded. Therefore, there is no evidence for use in this population.

Phase III Extension Study 

SALTWATER was a phase III, open-label, long-term extension study to assess the safety and efficacy of extended tolvaptan use. One hundred eleven patients who completed 30 days of treatment and the 7-day follow up period from the SALT-1 and 2 trials were given a titrated dose of tolvaptan.10 Mean time to follow-up was 701 days. Mean serum sodium concentration at baseline was 130.8 mEq/L (SD=4.4 mEq/L). Patients remaining in the study at each time point had statistically significant (p ≤0.05) increases in serum sodium compared to baseline.

Other Studies For Patients with Euvolemic or Hypervolemic Hyponatremia

A subset of patients with hyponatremia was evaluated in studies investigating the use of tolvaptan in patients with chronic heart failure. Those results are discussed in the Worsening Health Failure subsection below.

Duration of Effect

In order to observe the duration of effect after discontinuation of tolvaptan, subjects in the SALT-1 and 2 trials were analyzed for 7 additional days after treatment was stopped (on day 37) (Table 3).3
Table 3. Mean serum sodium concentrations in subjects at baseline, 30-day and 7-day post-treatment3 

	
	
	SALT-1
	SALT-2

	
	
	Tolvaptan
	Placebo
	Tolvaptan
	Placebo

	
	n
	72
	60
	88
	79

	Patients with baseline serum sodium concentrations ≥130 mEq/L
	Baseline
	132.2
	132.2
	132.1
	132.5

	
	Day 30
	136.1
	134.1
	138.3
	133.9

	
	Day 7 post-treatment
	132.0
	133.7
	133.9
	133.4

	Patients with baseline serum sodium concentrations <130 mEq/L
	Baseline
	125.1
	126.0
	126.6
	126.0

	
	Day 30
	135.0
	129.3
	135.4
	131.1

	
	Day 7 post-treatment
	131.8
	130.8
	131.2
	131.8


Post-treatment results showed that withdrawal from tolvaptan decreases serum sodium concentrations within 7 days and the effect of tolvaptan is not maintained after discontinuation of the drug. While patients who had baseline serum sodium levels equal or greater than 130 mEq/L decreased back to baseline levels, patients who had a baseline level of less than 130 mEq/L decreased to levels higher than baseline. This suggests that the natural history of the disease is to improve over time and/or other treatments in the placebo arm were effective.3 
Efficacy in Worsening Heart Failure (Off-label) 
Efficacy Measures

The primary efficacy endpoint in the short-term phase III trials with tolvaptan in hospitalized patients with worsening heart failure was the mean composite score change from baseline in self-assessed global clinical status, a 100 point visual analogue scale in which 100 points indicated “the best state you can imagine” and 0 points indicated the “worst state you can imagine”, and body weight at day 7 or discharge (if earlier).11 The long-term primary endpoints were (1) time to all cause mortality and (2) time to cardiovascular death or hospitalization for heart failure.12 However, the composite score of changes in self-assessed global clinical status and body weight have no evidence supporting its validity and therefore its clinical significance is unknown. 

Summary of Efficacy Findings (see Appendix 1 for complete details of all studies)

The EVEREST trials were phase III, randomized, multicenter, placebo-controlled studies with two embedded short-term studies and a single, large long-term study. These studies enrolled hospitalized patients with heart failure symptoms at rest or with minimal exertion and signs of congestion (2 or more of dyspnea, jugular venous distention or peripheral edema). Subjects had an ejection fraction of 40% or less, signs of volume expansion, and were treated with standard heart failure therapy for at least 30 days before hospitalization.11,12 

During the two short-term studies, 1018 patients of 2048 (49.7%) in Trial A and 1054 of 2085 (50.6%) patients in Trial B were assigned to receive 30mg tablets of tolvaptan daily while the remainder were given placebo for 7 days or until discharge.11 For the long-term study, the combined total of the two short-term trials, patients were followed for a median time of 9.9 months.12 
Table 4. Primary and secondary endpoints from EVEREST short-term trials11
	
	
	EVEREST A
	EVEREST B

	
	
	Tolvaptan
	Placebo
	P
	Tolvaptan
	Placebo
	P

	Primary endpoint
	n
	890
	900
	
	921
	888
	

	
	Composite score of changes from baseline in patient assessed global clinical status and body weight at day 7 or discharge (if earlier); mean(SD)
	1.06
(0.43)
	0.99
(0.44)
	<0.001
	1.07
(0.42)
	0.97
(0.43)
	<0.001

	Secondary endpoints
	n
	903
	910
	
	931
	900
	

	
	Changes in patient-assessed global clinical status at day 7; mean(SD)
	18.25 (22.26)
	17.73 (22.47)
	0.51
	18.72 (21.71)
	18.28 (21.59)
	0.52

	
	n
	997
	1007
	
	1031
	1008
	

	
	Changes in body weight at day 7 in kg; mean(SD)
	-3.35 (3.27)
	-2.73 (3.34)
	<0.001
	-3.77 (3.59)
	-2.79 (3.46)
	<0.001


While the primary endpoint analyses for the two short-term studies showed tolvaptan having a statistically larger change in composite score when compared to placebo, changes in patient-assessed global clinical status at day 7 did not show a statistically significant difference between treatment arms (Table 4). Therefore, the change in body weight was the main driver of this difference but the clinical advantage of tolvaptan versus placebo was small; 0.62 kg greater reduction with tolvaptan versus placebo in EVEREST A and 0.98 kg in EVEREST B.11
For the long-term analysis, no statistical differences were found between tolvaptan and placebo for the primary efficacy endpoint but tolvaptan showed non-inferiority to placebo when tested for time to all-cause mortality (Table 5).12
Table 5. Primary and secondary results from the EVEREST long-term trial12
	
	
	Tolvaptan

n(%)
	Placebo

n(%)
	Hazard ratio (95% CI)
	P-value (superiority)
	P-value (noninferiority)

	
	n
	2072
	2061
	
	
	

	Primary endpoints
	All-cause mortality
	537 (25.9)
	543 (26.3)
	0.98
(0.87-1.11)
	0.68
	<0.001

	
	CV* death or hospitalization for HF†
	871 (42.0)
	829 (40.2)
	1.04
(0.95-1.14)
	0.55
	n/a

	Secondary endpoints
	CV death or CV hospitalization
	1006 (48.5)
	958 (46.4)
	1.04
(0.95-1.14)
	0.52
	n/a

	
	CV mortality
	421 (20.3)
	408 (19.8)
	n/a
	0.67
	n/a

	
	Worsening of HF (death, hospitalization, or unscheduled visits)
	757 (36.5)
	739 (35.8)
	n/a
	0.62
	n/a


*Cardiovascular

†Heart failure

Supporting studies for tolvaptan in the treatment of heart failure showed that tolvaptan had a greater decrease in median body weight13 and pulmonary capillary wedge pressure (PCWP)14 but did not show any significant change in worsening heart failure (hospitalization or unscheduled visit to hospital for heart failure, or death) at 60 days13 nor left ventricular end-diastolic volume index (LVEDI) at 54 weeks.15
Efficacy in raising serum sodium concentration in patients with chronic heart failure

Three of six clinical trials conducted to compare tolvaptan to placebo in patients with chronic heart failure irrespective of their serum sodium concentration status also reported mean changes with standard deviation in serum sodium concentrations within one day of study drug administration.11,13,14 A meta-analysis was done by the VA San Diego Pharmacoeconomics Group to measure the effectiveness of tolvaptan versus placebo for this outcome (unpublished data, October 2010). The inverse variance method using fixed effects models was used and weighted mean differences (WMD) and 95% confidence intervals (CI) were reported since units of measure for the outcomes variables were identical.   

Tolvaptan-treated patients showed a greater weighted mean increase in serum sodium after one dose for both 30 mg and 60 mg strengths when compared to placebo (weighted mean difference, WMD=3.66 mEq/L, 95% CI=3.42-3.90 and WMD=4.16 mEq/L, 95% CI=3.19-5.18, respectively). However, these studies only included patients with chronic heart failure, irrespective to their serum sodium concentration status, and did not assess serum sodium concentrations as a primary efficacy measurement. Therefore, these results may not be applicable to the current FDA indication of hyponatremia for tolvaptan and only support tolvaptan’s efficacy in raising serum sodium, as seen in the SALT-1 and 2 trials. 

Adverse Events (Safety Data)
A total of 3294 tolvaptan-treated subjects and 2738 placebo-treated subjects were analyzed for safety in multiple-dose, placebo-controlled trials that studied the treatment of heart failure or hyponatremia. A total of 3536 tolvaptan-treated subjects and 2800 placebo-treated subjects were enrolled for all studies. The safety experience for the indication of hyponatremia was derived largely from subjects with heart failure and/or serum sodium ≥130 mEq/L, and there is little safety data available in patients with cirrhosis, SIADH and serum sodium ≤129 mEq/L. Most were receiving 30 mg of tolvaptan daily thus data for 60 mg, the maximum daily dose for tolvaptan, is limited. Long-term data of over 6 months was limited to 30 mg therapy in patients with heart failure.3 

Deaths and Other Serious Adverse Events 

Deaths3
The overall incidence of death at the time of the 120-day safety analysis was 651/3536 (18.4%) tolvaptan-treated subjects and 620/2800 (22.1%) placebo-treated patients. All cause mortality was not different between pooled treatment groups but in analyses of treatment-emergent fatalities in hyponatremic subjects, mortality was slightly greater in patients treated with tolvaptan than placebo (24.6% versus 22.8%). These findings were reflected in analyses of treatment-emergent deaths in subjects with both heart failure and hyponatremia in placebo-controlled trials [102/242 (42.1%) in tolvaptan arm versus 89/232 (38.4%) in placebo arm]. This result was a cause for concern during the FDA review but the high background mortality rate made it difficult to interpret these findings.

Overly rapid correction of serum sodium3

In phase III hyponatremia studies, 5.3% of tolvaptan-treated patients compared to 0.5% of placebo-treated patients had a rise of serum sodium >8 mEq/L at 8 hours post-first dose. A total of 1.1% of subjects in the tolvaptan arm had a rise >12 mEq/L at 24 hours post-first dose but no incidences were reported for placebo. Tolvaptan-treated patients with SIADH had a higher incidence of >8 mEq/L rise in serum sodium (9.6%) versus patients with heart failure (3.1%) and cirrhosis (1.6%). Also, subgroup analyses suggested that tolvaptan-treated patients with baseline serum sodium <130 mEq/L may have a higher risk of this adverse event (7.5%) compared to patients treated with placebo (2.9%). Four subjects with overly rapid correction reported adverse events. One subject from the tolvaptan arm was identified by FDA reviewers as possibly expiring due to an overly rapid correction of serum sodium. 

Arrhythmia and cardiac events3
Pooled data from multiple-dose, placebo-controlled trials showed tolvaptan-treated subjects had slightly higher incidences of serious ventricular tachycardia, ventricular arrhythmias, pulmonary embolism, strokes/ischemic events and cardiac arrest when compared to placebo. However, no event occurred at an incidence greater than 1.0% when compared to placebo and these increases were only observed across heart failure trials, not phase III hyponatremia trials.  

Dehydration, hypotension and hypovolemia3
A total of 1.2% of tolvaptan-treated patients and 1.0% of placebo-controlled subjects reported serious dehydration in pooled data of multiple-dose, placebo-controlled trials. In a combined analysis of treatment emergent adverse events of hypotension and/or hypovolemia, pooled data showed increased rates of serious, severe and overall incidences for tolvaptan-treated patients. However, the association was not consistent across trials and dose-dependence analyses did not reveal a relationship between tolvaptan doses and incidences of hypotension and/or hyponatremia.

Hypernatremia3

Treatment-emergent hypernatremia and serum sodium concentrations >146 mEq/L were not related to tolvaptan use in phase III hyponatremia studies. However, tolvaptan-treated patients in phase III heart failure trials had a greater incidence of treatment-emergent hypernatremia (11.7% versus 0.5%) and serum sodium concentration >146mEq/L (48.4% versus 27.0%) versus placebo-treated patients. Incidences of hypernatremia may have dose-related effects and therefore may be a dose-limiting factor of tolvaptan.

Gastrointestinal (GI) bleeding3

While only approximately 100 hyponatremic cirrhotic patients were studied in multiple-dose, placebo-controlled trials, 6 (9.5%) of those patients treated with tolvaptan experienced GI bleeding compared to 1 (1.8%) in placebo during phase III trials. In a pooled analysis of bleeding disorders, which included hematomas and ecchymoses, 11/63 (17.5%) tolvaptan-treated hyponatremic cirrhotic subjects experienced these adverse events compared to 1/47 (1.8%) who were treated with placebo.  

Study discontinuation due to adverse events

In phase III hyponatremia trials, 10% (23/223) of tolvaptan-treated patients compared to 12% (26/220) of placebo-treated patients discontinued treatment due to adverse events. 8 patients who received tolvaptan withdrew due to adverse events that were potentially related to study treatment. However, none occurred at an incidence >1% in the tolvaptan treated arm. These adverse events included rash, dysgeusia, nocturia, urinary frequency, exanthema, muscle weakness, and hypernatremia.

In phase III heart failure trials, 6.5% (135/2063) patients in the tolvaptan arm and 5.5% of patients in the placebo arm discontinued treatment because of adverse events. Adverse events leading to discontinuation that occurred at an incidence ≥0.2% in tolvaptan-treated patients than placebo included thirst, dry mouth, hyperkalemia and cardiac failure.

Common Adverse Events

Common adverse events from placebo-controlled trials studying the FDA-approved indication of euvolemic and hypervolemic hyponatremia are listed in Table 6.3 Thirst and dry mouth were the most common adverse events while polyuria and pollakiuria occurred at a greater incidence in the tolvaptan arm as well. 
Table 6. Adverse reactions (>2% more than placebo) in tolvaptan-treated patients in double-blind, placebo-controlled hyponatremia trials1
	MedDRA Preferred Term
	Tolvaptan; n (%)
	Placebo; n (%)

	N
	223
	220

	Gastrointestinal disorders

	Dry mouth
	28 (13)
	9 (4)

	Constipation
	16 (7)
	4 (2)

	General disorders and administration site conditions 

	Thirst
	35 (16)
	11 (5)

	Asthenia
	19 (9)
	9 (4)

	Pyrexia 
	9 (4)
	2 (1)

	Metabolism and nutrition disorders

	Hyperglycemia
	14 (6)
	2 (1)

	Anorexia 
	8 (4)
	2 (1)

	Renal and urinary disorders

	Pollakiuria or polyuria
	25 (11)
	7 (3)


Other Adverse Events

Hyperglycemia, hyperkalemia, and gout3
Phase III heart failure and hyponatremia trials showed a slightly greater incidence of treatment emergent hyperkalemia, hyperglycemia, and gout.

Increased serum creatinine and decreased blood urea nitrogen3
Tolvaptan-treated patients had a slightly greater mean difference in serum creatinine compared to placebo (0.06 mg/dL versus 0.03 mg/dL) but had a lower mean difference in serum blood urea nitrogen (0.25 mg/dL versus 1.63 mg/dL).

Contraindications1
Tolvaptan is contraindicated in the following conditions:

· Urgent need to raise serum sodium acutely

· Inability of the patient to sense or appropriately respond to thirst

· Hypovolemic hyponatremia

· Concomitant use of strong CYP 3A4 inhibitors (e.g., ketoconazole, clarithromycin, itraconazole, ritonavir, indinavir, nelfinavir, saquinavir, nefazodone, and telithromycin)

· Anuric patients

Warnings and Precautions1,2
Too Rapid Correction of Serum Sodium

Osmotic demyelination syndrome is a risk associated with too rapid correction of hyponatremia. Conventional rates of correction have historically been <12 mEq/L per 24 hours but an expert panel recommendation published in 2007 stated <10 mEq/L per 24 hours as the preferred rate.5 Patients with severe hyponatremic symptoms may benefit from an increase of serum sodium by 2 to 4 mEq/L within 2 to 4 hours. Osmotic demyelination presents as progressive and sometimes permanent neurologic deficits one to several days after correction. Patients who are more susceptible to this complication, such as those with severe malnutrition, alcoholism, or advanced liver disease, should be corrected with slower rates.

Gastrointestinal Bleeding in Patients with Cirrhosis

In patients with cirrhosis treated with tolvaptan, gastrointestinal bleeding was reported in 6 out of 63 (10%) tolvaptan treated-patients in comparison to 1 out of 57 (2%) placebo-treated patients. Therefore tolvaptan should only be used in patients with cirrhosis when the benefits to the patient outweigh the risk.

Dehydration and Hypovolemia

If patients receiving tolvaptan develop signs or symptoms of hypovolemia, tolvaptan therapy should be paused or discontinued while providing supportive care and management of vital signs, fluid balance and electrolytes. Patients who are fluid restricted while receiving tolvaptan have an increased risk of dehydration and hypovolemia. Patients on tolvaptan therapy should be advised to continue ingestion of fluid in response to thirst.

Co-administration of Hypertonic Saline

Tolvaptan use has not been studied with concomitant use of hypertonic saline and therefore is not recommended.

Drug Interactions Affecting Exposure to Tolvaptan

Tolvaptan is a CYP 3A substrate. Co-administration of tolvaptan with CYP 3A inhibitors results in increased tolvaptan concentrations. Use of tolvaptan with strong or moderate CYP 3A inhibitors should be avoided. Co-administration of tolvaptan with CYP 3A inducers results in reduced tolvaptan concentrations; an increased dose of tolvaptan may be needed if the drug is used with CYP 3A inducers. Tolvaptan is also a P-gp substrate and dose reduction of tolvaptan may be needed when administered with P-gp inhibitors.

Hyperkalemia or Drugs that Increase Serum Potassium

Tolvaptan leads to an acute reduction of extracellular fluid which could result in increased serum potassium. Serum potassium levels should be monitored after initiation of tolvaptan if patients have a serum potassium >5 mEq/L as well as those who are on medications known to increase serum potassium levels.

Pregnancy and Lactation

Tolvaptan is classified as pregnancy category C and does not have adequate and well controlled studies in pregnant women. Furthermore, it is unknown how tolvaptan affects labor and delivery in humans nor whether it is excreted into breast milk.

Risk Evaluation and Mitigation Strategy (REMS)

As part of the REMS program for tolvaptan, a medication guide should be provided to each patient every time a prescription for is filled (i.e., with every new prescription and refill). Also, the manufacturer, Otsuka, will implement a communication plan to healthcare providers who are involved in the prescribing, purchasing, dispensing or administration of tolvaptan for both inpatient and outpatient settings at time of launch. The following information will be conveyed:

· The requirement to initiate and re-initiate therapy in a hospital

· The risks associated with overly-rapid correction of serum sodium

· Reinforcement that a patient Medication Guide should be provided to patients with every prescription of tolvaptan
Look-alike/Sound-alike (LA/SA) Error Risk Potential

As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

· LA/SA for generic name tolvaptan: 

· tolmetin/Tolectin™

· telmisartan

· LA/SA for trade name Samsca:

· Sanctura

Drug Interactions1,2
Drug-Drug Interactions

Tolvaptan is metabolized by CYP 3A and therefore is sensitive to CYP 3A inhibitors and inducers. Strong CYP 3A4 inhibitors, such as ketoconazole, clarithromycin, itraconazole, telithromycin, saquinavir, nelfinavir, ritonavir and nefazodone, should not be co-administered with tolvaptan. Tolvaptan use with moderate CYP 3A inhibitors, such as erythromycin, fluconazole, aprepitant, diltiazem and verapamil, has not been adequately studied and therefore should generally be avoided. Concomitant use with rifampin, a CYP 3A inducer, leads a decrease of tolvaptan exposure by 85%. Other CYP 3A inducers, such as rifabutin, rifapentin, barbiturates, phenytoin, carbamazepine and St. John’s Wort may decrease clinical effectiveness of tolvaptan at usual doses and increased doses may be needed. Tolvaptan is also a weak CYP 3A inhibitor and, when co-administered with lovastatin, increases lovastatin exposure by non-clinically significant levels.

Tolvaptan is also a substrate and weak inhibitor of p-glycoprotein (P-gp). Use of P-gp inhibitors, such as cyclosporine, may lead to decreased exposure to tolvaptan. Increased exposure to substrates of P-gp, such as digoxin, may occur when used with tolvaptan but the change is not clinically significant. 

Tolvaptan does not appear to change the pharmacokinetics of warfarin, furosemide, hydrochlorothiazide, or amiodarone to a clinically significant degree.
Concomitant use of tolvaptan and furosemide or hydrochlorothiazide results in a 24 hour urine volume/excretion rate similar to the rate after tolvaptan alone.

Drug-Lab Interactions

Administration of tolvaptan with angiotensin receptor blockers (ARBs), angiotensin converting enzyme inhibitors, and potassium-sparing diuretics lead to a 1-2% increased incidence of hyperkalemia compared to those on placebo. Therefore, serum potassium levels should be monitored when tolvaptan and medications known to increase serum potassium are co-administered.

Drug-Food interactions

Tolvaptan use with grapefruit juice results in a 1.8-fold increase in exposure to tolvaptan.

Acquisition Costs
Table 9. VA Tolvaptan Costs*

	Drug
	Dose
	Cost/Day/Patient ($)
	Cost/30 days/Patient ($)

	Tolvaptan (Samsca®) 
	15 mg daily
	177.23
	5,316.90

	Tolvaptan (Samsca®)
	30 mg daily
	176.90
	5,307.00


 *VA costs as of 12/27/2010.  Assuming one tablet per day.
Pharmacoeconomic Analysis

There are currently no available pharmacoeconomic analyses available for tolvaptan. 

Conclusions

Tolvaptan is the first orally administered selective vasopressin V2-receptor antagonist for the treatment of clinically significant hypervolemic and euvolemic hyponatremia. Tolvaptan compared to placebo has been shown to be effective in increasing serum sodium levels in patients with serum sodium concentrations <135 mEq/L. However, change in serum sodium concentrations has unknown clinical relevancy. Studies in patients with hyponatremia excluded subjects with a serum sodium concentration <120 mEq/L in association with neurologic symptoms, the population who would most likely require treatment. Patients who were determined to have poor short-term survival and would not tolerate fluid balance/pressure changes were ineligible for clinical trials as well. Therefore, patients with severe symptoms should not be treated with tolvaptan. 

Evidence for the efficacy of tolvaptan for other outcomes, such as quality of life measures and mortality, are unclear. Measurements for quality of life were not validated within patients with hyponatremia. Furthermore, efficacy and safety were not compared to the current, less costly standards of treatment, such as fluid restriction.

Due to increased risk of overly rapid corrections of serum sodium and hypernatremia, tolvaptan can only be initiated and reinitiated in-hospital and patients must be closely monitored. Patients with SIADH and serum sodium concentrations <130 mEq/L may have a higher risk of this complication. Thirst, dry mouth and polyuria were the most commonly reported adverse events. While less patients treated with tolvaptan required fluid restriction compared to placebo, side effects such as thirst may increase the difficulty of fluid restriction. Dehydration, increased serum creatinine, and hyperglycemia are also of clinical concern in patients taking tolvaptan. 
Since most safety information was derived from heart failure patients, data are limited for specific populations. Safety concerns remain for patients with marked and/or symptomatic hyponatremia, those with hyponatremia caused by cirrhosis and SIADH, and for tolvaptan doses above 30 mg daily. Increased risk of gastrointestinal bleeding in cirrhotic patients were reported and safety for patients with advanced liver disease (Child-Pugh score >10) is unknown since they were excluded in hyponatremia studies.
Use of tolvaptan in patients with heart failure has shown efficacy in few clinical parameters, such as a reduction in body weight in the short-term. However, long-term studies have not reported any statistically significant decrease in death or hospitalization compared to placebo.
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Appendix 1:  Clinical Trials

A literature search was performed on PubMed/Medline (1966 to August 2010) using the search terms tolvaptan and Samsca. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

	Study

RCT Design*
	Population**
	Interventions
Primary outcomes
Duration
	Patient population profile
	Primary results
	Safety results

	Schrier et al (2006)8
SALT-1
SALT-2
PP, RE, INT

	Inclusion Criteria
· Chronic heart failure, cirrhosis, or SIADH
· Hyponatremia (Na <135 mEq/L)
· Euvolemic or hypervolemic
Exclusion Criteria
· Clinically evident hypovolemic hyponatremia
· SBP <90 mm Hg
· Central venous pressure <5 mm Hg
· SCr >3.5 mg/dL
· Child-Pugh score >10
· Na <120 mEq/L in association with neurologic impairment
· Severe pulmonary hypertension
· Urinary tract obstruction
· Uncontrolled diabetes mellitus
· Progressive or episodic neurologic disease
Recent 
· Cardiac surgery
· Myocardial infarction
· Sustained ventricular tachycardia or fibrillation
· Severe angina
· Cerebrovascular accident
·  Multiple strokes
	Interventions
· 15mg PO daily initially – titrated up to 60mg PO daily as needed
· Placebo
Primary efficacy outcomes
· Mean change in average daily area under the curve (AUC) for serum sodium from baseline to day 4
· Mean change in average daily area under the curve (AUC) for serum sodium from baseline to day 30
Duration
· 30 days treatment followed by 7 day follow-up 
	SALT-1
N = 205
Mean age, years
TOL
PLA
n
102
103
Mean
60
60
SD
14
13
Disease associated with hyponatremia, n(%)
TOL
PLA
Heart failure
35 (34)
33 (32)
Cirrhosis
25 (25)
21 (20)
SIADH
42 (41)
49 (48)
Baseline serum sodium in mEq/L, n(%)
Serum Na 
TOL
PLA
130-134
49 (48)
51 (50)
<130
53 (52)
52 (50)

	SALT-1
TOL
PLA
n*
95
89
Change in avg daily AUC for serum sodium from BL to day 4 in mEq/L, mean(SD)
3.62 (2.68)
0.25 (2.08)
p
<0.001
-
*Did not meet adequate power set by study design
TOL
PLA
n*
95
89
Change in avg daily AUC for serum sodium from BL to day 30 in mEq/L, mean(SD)
6.22 (4.10)
1.66 (3.59)
p
<0.001
-
*Did not meet adequate power set by study design
	Adverse events occurring >5% of patients, n(%)
TOL
PLA
n
223
220
Ascites
14 (6)
13 (6)
Constipation
16 (7)
4 (2)
Diarrhea
12 (5)
12 (6)
Dry mouth
28 (13)
9(4)
Nausea
18 (8)
13 (6)
Vomiting
7 (3)
19 (9)
Fatigue
12 (5)
11 (5)
Peripheral edema
16 (7)
15 (7)
Thirst
32 (14)
10 (5)
Weakness
21 (9)
10 (5)
Urinary tract infection
13 (6)
8 (4)
Hyperglycemia
12 (5)
2 (1)
Hyperkalemia
12 (5)
11 (5)
Dizziness
15 (7)
11 (5)
Headache
15 (7)
15 (7)
Urinary frequency
15 (7)
6 (3)
Hypotension
15 (7)
14 (6)
Adverse events of clinical interest, n(%)
TOL
PLA
n
223
220
Na rise >0.5 mEq/L/hr in first 24 hours
4 (1.8)
NR
Na >146 mEq/L
4 (1.8)
NR
Withdrawal rates, n (%)
SALT-1
SALT-2
TOL
PLA
TOL
PLA
N
100
101
123
119
Due  to any AE
9 (9)
17 (17)
14 (11)
9 (8)
Due to potentially study-related AE
4 (4)
7 (7)
4 (3)
1 (1)


	
	
	
	SALT-2
N = 243
Mean age, years
TOL 
PLA
n
123
120
Mean
62
63
SD
15
14
Disease associated with hyponatremia, n(%)
TOL
PLA
Heart failure
36 (39)
34 (28)
Cirrhosis
38 (31)
36 (30)
SIADH
49 (40)
50 (42)
Baseline serum sodium in mEq/L, n(%)
Serum Na 
TOL
PLA
130-134
64 (52)
62 (52)
<130
59 (48)
58 (48)

	SALT-2
TOL
PLA
n
118
114
Change in avg daily AUC for serum sodium from BL to day 4 in mEq/L, mean(SD)
4.33 (2.87)
0.42 (2.56)
p
<0.001
-
TOL
PLA
n
118
114
Change in avg daily AUC for serum sodium from BL to day 30  in mEq/L, mean(SD)
6.20 (3.92)
1.84 (3.83)
p
<0.001
-

	


	Study

RCT Design*
	Population**
	Interventions
Primary outcome
Duration
	Patient population profile
	Primary results
	Safety results

	Gheorghiade et al (2007)11
EVEREST
PP,  RE, WE, INT
	Inclusion criteria
· Chronic heart failure 
· Taking standard heart failure therapy, including furosemide (≥30 days of treatment before hospitalization)
· Signs of volume expansion
· EF ≤40%
· HF symptoms at rest or minimal exertion and signs of congestion (2 or more of dyspnea, JVD, or peripheral edema)
· Hospitalization for chronic heart failure within 48 hrs
Exclusion criteria
· Cardiac surgery within 60 days of enrollment
· Cardiac mechanical support
· Biventricular pacemaker placement within the last 60 days
· Comorbid conditions with an expected survival <6 months
· Acute myocardial infarction at the time of hospitalization
· Hemodynamically significant uncorrected primary cardiac valvular disease
· Refractory end-stage heart failure
· Hemofiltration or dialysis
· Supine arterial blood pressure < 0 mm Hg
· Serum creatinine concentration >3.5 mg/dL
· Serum potassium concentration >5.5 mEq/L
· Hemoglobin <9 g/dL

	Interventions
· 30 mg PO daily 
· Placebo
Primary efficacy outcome
· Mean composite score changes from baseline in global clinical status and body weight at day 7 or discharge if earlier 
Duration
· 7 days or day of discharge if earlier
	Trial A
N = 2048
Mean age, years
TOL
PLA
n
1018
1030
Mean
65.8
65.6
SD
11.7
11.9
Mean baseline serum sodium, mean(SD)
TOL 
PLA
Mean
NR
NR

	TOL
PLA
n*
890
900
Composite of changes in global clinical status and body weight, mean(SD)
1.06 (0.43)
0.99 (0.44)
p
<0.001
-
* Did not meet adequate power set by study design
	Adverse events occurring ≥1% of patients, n(%)*
TOL
PLA
n
1015
1027
Dry mouth
43 (4.2)
7 (0.7)
Thirst
79 (7.8)
5 (0.5)
Pollakiuria
13 (1.3)
3 (0.3)
Polyuria
6 (0.6)
2(0.2)
Hyponatremia
14 (1.4)
0 (0.0)
Ventricular extrasystoles
5 (0.5)
5 (0.5)
Constipation
35 (3.4)
20 (1.9)
Adverse events of clinical interest, n(%)
TOL
PLA
n
1015
1027
Atrial fibrillation
3 (0.3)
5 (0.5)
Ventricular tachycardia
21 (2.1)
16 (1.6)
Cardiac failure
10 (1.0)
22 (2.1)
Hypotension
44 (4.3)
30 (2.9)
Hyponatremia
4 (0.4)
5 (0.5)
Hypokalemia
23 (2.3)
28 (2.7)
Hypomagnesemia
3 (0.3)
2 (0.2)
Renal failure
21 (2.1)
20 (1.9)
 

	
	· 
	· 
	Trial B
N = 2085
Mean age, years
TOL 
PLA
n
1054
1031
Mean
66.0
65.6
SD
11.7
12.2
Mean baseline serum sodium, mean(SD)
TOL 
PLA
Mean
NR
NR

	TOL
PLA
n*
921
888
Composite of changes in global clinical status and body weight, mean(SD)
1.07 (0.42)
0.97 (0.43)
p
<0.001
-
* Did not meet adequate power set by study design
	Adverse events occurring ≥1% of patients, n(%)*
TOL
PLA
n
1048
1028
Dry mouth
63 (6.0)
7 (0.7)
Thirst
118 (11.3)
10 (1.0)
Pollakiuria
10 (1.0)
4 (0.4)
Polyuria
35 (3.3)
5 (0.5)
Hypernatremia
5 (0.5)
0 (0.0)
Ventricular extrasystoles
11 (1.0)
2 (0.2)
Constipation
38 (3.6)
49 (4.8)
Adverse events of clinical interest, n(%)
TOL
PLA
n
1048
1028
Atrial fibrillation
15 (1.4)
11 (1.1)
Ventricular tachycardia
18 (1.7)
19 (1.8)
Cardiac failure
17 (1.6)
16 (1.6)
Hypotension
30 (3.2)
34 (3.3)
Hyponatremia
4 (0.4)
5 (0.5)
Hypokalemia
25 (2.4)
37 (3.6)
Hypomagnesemia
5 (0.5)
10 (1.0)
Renal failure
29 (2.8)
25 (2.4)
*Significant (P <0.05) difference between treatment groups in combined analysis of Trial A and B


	Study

RCT Design*
	Population**
	Interventions
Primary outcomes
Duration
	Patient population profile
	Primary results
	Safety results

	Konstam et al (2007)12
EVEREST
ITT, RE, WE, INT
	Inclusion criteria
· Chronic heart failure 
· Taking standard HF therapy, including furosemide (≥30 days of treatment before hospitalization)
· Signs of volume expansion
· EF ≤40%
· HF symptoms at rest or minimal exertion and signs of congestion (2 or more of dyspnea, JVD, or peripheral edema)
· Hospitalization for chronic heart failure within 48 hrs
Exclusion criteria
· Cardiac surgery within 60 days of enrollment
· Cardiac mechanical support
· Biventricular pacemaker placement within the last 60 days
· Comorbid conditions with an expected survival <6 months
· Acute myocardial infarction at the time of hospitalization
· Hemodynamically significant uncorrected primary cardiac valvular disease
· Refractory end-stage heart failure
· Hemofiltration or dialysis
· Supine arterial blood pressure <90 mm Hg
· Scr >3.5 mg/dL
· K >5.5 mEq/L
· Hemoglobin <9 g/dL
	Interventions
· 30mg PO daily
· Placebo
Primary efficacy outcomes
· Time to all-cause mortality 
· Time to cardiovascular death, or hospitalization for heart failure
Duration
· Median follow up time: 9.9 months 

	N = 4133
Mean age, years
TOL 
PLA
n
2072
2061
Mean
65.9
65.6
SD
11.7
12.0
Mean baseline serum sodium, mean(SD)
TOL
PLA
Mean
NR
NR

	TOL
PLA
n
2072
2061
All-cause mortality, n(%)
537 (25.9)
543 (26.3)
Hazard ratio 
0.98
-
95% confidence interval
0.87-1.11
-
TOL
PLA
n
2072
2061
CV death or hospitalization for HF, n(%)
871 (42.0)
829 (40.2)
Hazard ratio 
1.04
-
95% confidence interval
0.95-1.14
-

	Adverse events occurring in at least 5% of patients in either group, n(%)
TOL
PLA
n
2063
2055
Thirst*
331 (16.0)
43 (2.1)
Nausea
245 (11.9)
249 (12.1)
Hypotension
233 (11.3)
226 (11.0)
Constipation
199 (9.6)
191 (9.3)
Dizziness
179 (8.7)
161 (7.8)
Dry mouth*
174 (8.4)
44 (2.1)
Hypokalemia
166 (8.0)
202 (9.8)
Hyperkalemia
161 (7.8)
136(6.6)
Insomnia
161 (7.8)
167 (8.1)
Chest pain
158 (7.7)
140 (6.8)
Anemia
154 (7.5)
165 (8.0)
Diarrhea 
147 (7.1)
164 (7.9)
Hyperuricemia
140 (6.8)
119 (5.8)
Headache
137 (6.6)
136 (6.6)
Urinary tract infection
136 (6.6)
149 (7.3)
Renal failure
133 (6.4)
140 (6.8)
Pneumonia
126 (6.1)
130 (6.3)
Ventricular tachycardia
123 (6.0)
118 (5.7)
Vomiting
120 (5.8)
128 (6.2)
Cough*
118 (5.7)
156 (7.6)
Atrial fibrillation
116 (5.6)
122 (5.9)
Pain in extremity
106 (5.1)
94 (4.6)
*Significant (P <0.05) difference between treatment groups 
Adverse events of clinical interest, %
TOL
PLA
Hypernatremia
1.7
0.5
Withdrawal rates, %
TOL
PLA
Adverse events resulting in study discontinuation
6.5
5.5



	Study

RCT Design*
	Population**
	Interventions
Primary outcome
Duration
	Patient population profile
	Primary results
	Safety results

	Gheorghiade et al (2003)16
ITT, RE, RE, USA
	Inclusion criteria
· Chronic heart failure (HF symptoms ≥30 days)
· Taking standard HF therapy, including furosemide (≥7 days)
· Signs of volume overload
Exclusion criteria
· Cardiac surgery within 90 days of enrollment
· Myocardial infarction within 60 days
· Sustained ventricular tachycardia, ventricular fibrillation, or automatic implantable cardiac defibrillator discharge within 30 days
· Atrial fibrillation with verntricular rate >115 bpm
· Diastolic blood pressure >95 mm Hg
· Administration of diuretic agents other than furosemide w/in 14 days of screening
· Requirement for treatment with NSAIDS or aspirin at a dose >700 mg/d 
· SCr >3.0mg/dL
· BUN >60 mg/dL
· K <3.4 mEq/L
· Serum digoxin >2.2 ng/mL
· Uncontrolled diabetes mellitus
· Urinary tract obstructions
· Morbid obesity
· History of intrinsic hepatic disease or elevation of liver enzymes >3 times the upper limit of normal
· Any illness or disorder that could preclude participation or limit survival
· Women who were breast-feeding, of childbearing potential and not using acceptable contraceptive methods 

	Interventions
· 30mg, 45mg or 60mg PO daily 
· Placebo
Primary outcome
· Mean body weight change from baseline to day 14
Duration
· 25 days of treatment then follow-up on day 28
	N = 254
Age, years
30mg 
45mg
60mg
PLA
n
64
64
63
63
Mean
67.6
65.6
68.5
65.1
SD
10.9
13.1
13.6
12.9
Mean baseline serum sodium, mean(SD)
TOL
PLA
Mean
NR
NR

	Dose
30mg 
45mg
60mg
PLA
n
64
64
63
63
Mean change in BW*†, kg
-0.60
-0.50
-0.75
0.50
*Significant (P <0.001) difference between all tolvaptan and placebo treatment groups
 †Results were interpreted from graphs; actual values not given
	Reported adverse events, n(%)
30mg
45mg
60mg
PLA
n
64
62
61
62
Asthenia
3 (4.7)
4 (6.5)
7 (11.5)
2 (3.2)
Dizziness
6 (9.4)
3 (4.8)
3 (4.9)
2 (3.2)
Dry mouth
9 (14.1)
11 (17.7)
14 (23.0)
2 (3.2)
Dyspnea
3 (4.7)
2 (3.2)
1 (11.6)
0
Nausea
2 (3.1)
0
2 (3.3)
1 (1.6)
Thirst
20 (31.3)
25 (40.3)
15 (24.6)
3 (4.8)
Urinary frequency
14 (21.9)
15 (24.2)
6 (9.8)
3 (4.8)
Leg cramps
1 (1.6)
1 (1.6)
1 (1.6)
2 (3.2)
Polyuria 
6 (9.4)
4 (6.5)
3 (4.9)
1 (1.6)
BUN increased
2 (3.1)
1 (1.6)
1 (1.6)
2 (3.2)
Creatinine increased
2 (3.1)
1 (1.6)
1 (1.6)
0
Hyperkalemia
1 (1.6)
2 (3.2)
0 
1 (1.6)
Hyperuricemia
0
2 (3.2)
1 (1.6)
0
Reported reasons for withdrawal, n(%)
30mg
45mg
60mg
PLA
n
64
62
61
62
Worsening CHF
3 (4.7)
1 (1.6)
2 (3.3)
3 (4.8)
Myocardial infarction
1 (1.6)
1 (1.6)
2 (3.3)
3 (4.8)
Superventricular tachycardia
0
0
0
1 (1.6)
Polyuria
0 
0
3 (4.9)
0
Dizziness
1 (1.6)
0
1 (1.6)
0
Asthma
0
0
1 (1.6)
0
Liver enzyme increase
0
0
1 (1.6)
0
Weakness
0
0
1 (1.6)
0
Cellulitis
0
0
0
1 (1.6)
Nausea
1 (1.6)
0
0
0



	Study

RCT Design*
	Population**
	Interventions
Primary outcomes
Duration
	Patient population profile
	Primary results
	Safety results

	Gheorghiade et al (2004)13
ACTIV in CHF 
ITT for inpatient analysis, PP for outpatient analysis. RE, INT
	Inclusion criteria
· Chronic heart failure 
· Taking standard HF therapy, including furosemide
· Admitted for worsening HF (EF<40% within 1 year and JVD, rales, or peripheral edema after initial in-hospital therapy)
Exclusion criteria
· Women of childbearing age
· Cardiac surgery within 60 days
· Myocardial infarction, sustained ventricular tachycardia, or ventricular fibrillation w/in 30 days
· Angina at rest
· Primary valvular disease
· Hypertrophic cardiomyopathy
· Stroke within the last 6 months
· Significant hepatic, renal, or hematologic dysfunction
· Systolic arterial blood pressure <110 mm Hg
· Use of cytochrome P 3A4 enzyme inhibiting drugs within 7 days of randomization
· Use of amiodarone within 10 weeks of randomization
· Use of NSAIDS or of aspirin at a dose more than 700 mg/day
· Substance or alcohol abuse
· Uncontrolled diabetes
· Urinary tract obstruction
· Morbid obesity
· Malignancy or other terminal illness
	Interventions
· 30mg, 60mg or 90mg PO daily 
· Placebo
Primary outcomes
· Inpatient: median body weight change after first dose and 24 hours after randomization
· Outpatient: Worsening heart failure (hospitalization for HF, unscheduled visit for HF, or death) at 60 days 
Duration
· Inpatient: day of discharge up to 10 days
· Outpatient: treatment for 60 days then follow-up at 7 weeks
	N = 319
Age, years
Dose
30mg 
60mg
90mg
PLA
n
78
84
77
80
Mean
62
62
62
60
SD
14
13
14
14
Mean baseline serum sodium, mean(SD) 
30mg
60mg
90mg
PLA
Mean
138.9 (4.3)
137.9 (6.2)
138.8 (4.2)
139.0 (4.1)

	Inpatient
Dose
30mg 
45mg
60mg
PLA
n
78
84
77
80
Med change in BW after first dose and 24 hrs after randomization, kg
-1.80
-2.10
-2.05
-0.60
IQR
-3.85 to 
-0.50
-3.10 to 
-0.85
-2.80 to 
-0.60
-1.60 to 0.0
p
0.002
0.002
0.009
-

	Common adverse events, n(%)
30mg
60mg
90mg
PLA
n
78
84
76
79
Thirst
6 (7.7)
10 (11.9)
6 (7.8)
1 (1.3)
Dry mouth
7 (9.0)
7 (8.3)
8 (10.4)
3 (3.8)
Dizziness
4 (5.1)
7 (8.3)
4 (5.2)
11 (13.8)
Nausea
6 (7.7)
8 (9.5)
8 (10.4)
11 (13.8)
Hypotension
4 (5.1)
5 (6.0)
9 (11.7)
11 (13.8)
Serious adverse event requiring study drug discontinuation, n(%)
30mg
60mg
90mg
PLA
n
78
84
76
79
Heart failure
4 (5.1)
6 (7.1)
4 (5.2)
5 (6.3)
Atrial fibrillation
1 (1.3)
1 (1.2)
0
0
Ventricular tachycardia
1 (1.3)
1 (1.2)
0
0
Sudden death*
0
5 (6.0)
0
1 (1.3)
Dyspnea
2 (2.6)
0
0
0
Renal failure
3 (3.9)
0
2 (2.6)
0
Urinary frequency
0
3 (3.6)
4 (5.2)
1 (1.3)
Hyperkalemia
0
2 (2.4)
0
0
*Significant (P <0.05) difference between treatment groups 

	
	· 
	· 
	
	Outpatient
Dose
30mg 
45mg
60mg
Combined
PLA
n
71
67
59
197
69
Worse HF at 60 days, n(%)
20 (25.6)
29 (34.5)
15
(19.4)
64 
(26.7)
7
(8.7)
p*†
NS
NS
NS
NS
-
*p-values reported as non-significant; values not reported
†p-value for trend is 0.88
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	Gheorghiade et al (2006)9
PP, WE, USA
	· Inclusion criteria
· Hyponatremia (serum sodium <135 mEq/L for ≥2 days)
· Normo- or hypervolemic
· Hospitalized
Exclusion criteria
· Acute coronary ischemic events <60 days after randomization
· History of sustained ventricular tachycardia or ventricular fibrillation
· SCr >2.8 mg/dL

	Interventions
· 10mg PO daily initially – titrated up to 60mg PO daily as needed
· Water restriction with placebo
Primary outcome
· Normalization of serum sodium (>135 mEq/L or ≥10% increase at baseline) at last inpatient visit
Duration
· Treatment for 27 days the follow-up on day 65

	N = 28*
*Study did not meet adequate power; terminated prematurely due to enrollment difficulties
Age, years
TOL
PLA
n
17
11
Med
63
67
Range
±13
±9
Mean baseline serum sodium, mean(SD)
TOL
PLA
Mean
129 (3)
129 (4)
Disease associated with hyponatremia†, n(%)
Heart Failure
Cirrhosis
SIADH
n
14 (50)
4 (13)
10 (37)
†Placebo and treatment n not indicated

	TOL
Water Restriction + PLA
n
17
11
Normalization of serum sodium, n(%)
11 (64.7)
3 (27.3)
p
0.049
-

	Not reported
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	Udelson et al (2007)15
PP, WE, USA
	Inclusion criteria
· Chronic heart failure
· Taking standard heart failure therapy, including furosemide, for ≥3 months and at stable doses for ≥2 weeks before enrollment
· EF ≤30% and New York Heart Association class II/III symptoms
Exclusion criteria
· Women of childbearing potential not using acceptable double-barrier contraceptive methods
· Cardiac surgery within 90 days
· Biventricular pacing device implanted within 2 months of potential study enrollment 
· History of myocardial infarction (documented by electrocardiogram or enzymes) within 3 months
· Systolic arterial blood pressure < 90 mm Hg at screening
· SCr >3.0 mg/dl or BUN >60 mg/dL

	Interventions
· 30mg PO daily
· Placebo
Primary outcome
· Mean change in left ventricular end-diastolic volume index (LVEDI) from baseline to 54 weeks
Duration
· Treatment for 1 year then follow up after 1 week

	N = 240
Age, years
TOL 
PLA
n
120
120
Mean
65
63
SD
12
12
Mean baseline serum sodium, mean(SD)
TOL 
PLA
Mean
140.3 (3.0)
140.8 (3.5)

	TOL
PLA
n
91
89
Mean change in LVEDI from baseline to 54 weeks in ml/m2, mean(SD)
-1.78 (10.7)
0.04 (10.0)
p
0.21
-

	Most frequent side effects, n(%)
TOL
PLA
n
120
120
Urinary frequency*
38 (31.7)
6 (5.0)
Thirst*
32 (26.7)
7 (5.8)
HF aggravated
22 (18.3)
34 (43.4)
Dry mouth*
16 (13.3)
22 (18.4)
Dizziness
16 (13.3)
16 (13.4)
Most frequent serious side effects, n(%)
TOL
PLA
HF aggravated
16 (13.3)
22 (18.4)
Pneumonia
6 (5.0)
3 (2.5)
Ventricular tachycardia
4 (3.3)
1 (0.8)
Chest pain
4 (3.3)
5 (4.2)
Dehydration
3 (2.5)
1 (0.8)
Subjects discontinued due to AE, n(%)
TOL 
PLA
Subjects discontinued due to AE
14 (11.7)
15 (12.5)
*Significant (P <0.05) difference between treatment groups 
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	Udelson et al (2008)14
ITT
	Inclusion criteria
· Chronic heart failure
· Taking standard heart failure therapy, including furosemide, for ≥1 month
· EF <40% and New York Heart Association class III/IV symptoms
· Peak pulmonary capillary wedge pressure >18 mm Hg on 2 readings ≥10 minutes apart 2 hours before study drug administration
Exclusion criteria
· Supine SBP <90 mm Hg 
· SCr ≥3.0 mg/dl
	Interventions
· 15mg, 30mg, 60mg PO once
· Placebo
Primary outcome
· Mean change in peak pulmonary capillary wedge pressure (PCWP) from baseline within 3 to 8 hours after treatment
Duration
· 12 hours

	N = 181
Age, years
Dose
15mg
30mg
60mg
PLA
n
44
43
46
48
Mean
60.3
59.7
61.0
58.9
SD
11.7
13.4
11.9
14.0
Mean baseline serum sodium, mean(SD) 
30mg
60mg
90mg
PLA
Mean
NR
NR
NR
NR

	15mg
30mg
60mg
PLA
n
44
43
46
48
Mean change in peak pulmonary capillary wedge pressure (PCWP) in mm Hg, mean(SD)
-6.38 (4.12)
-5.67 (4.58)
-5.71 (4.35)
-4.16 (4.57)
p
0.003
0.044
0.03
-

	NR


*All studies were multi-center and parallel group studies funded by Otsuka; all studies except Gheorghiade et al (2006), which was open label, were double-blind

**All studies had patients who were ≥18 years old

KEY 

	TOL – tolvaptan

PLA – placebo


	ITT – intention to treat
PP – per protocol
	RE – randomization explained
WE – withdrawals explained
BE – blinding explained

	INT – international

USA – domestic 
	HF – heart failure


AE – adverse event

NR – not reported
	Scr – serum creatinine

BUN – blood urea nitrogen

Na – serum sodium

K – serum potassium

SBP – systolic blood pressure

EF – ejection fraction
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