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OVERVIEW

Introduction

Tolvaptan is a vasopressin 2 receptor antagonist which is used for short term treatment of severe hyponatremia
in patients with heart failure, cirrhosis or syndrome of inappropriate secretion of antidiuretic hormone
(SIADH). It has been used experimentally to prevention progression of disease in autosomal dominant
polycystic kidney disease (ADPKD). Tolvaptan recently has been implicated in causing serum aminotransferase
elevations as well as clinically apparent acute liver injury during long term use.

Background

Tolvaptan (tol vap' tan) is a vasopressin 2 receptor antagonist (vaptan) that is used for treatment of
hyponatremia caused by elevated levels of arginine vasopressin (also known as antidiuretic hormone: ADH),
commonly found in patients with inappropriate ADH syndrome (SIADH) or with fluid overload from heart
failure or cirrhosis. Vasopressin acts on type 2 receptors in the distal renal tubules causing reabsorption of free
water, without electrolytes. Inappropriate secretion of vasopressin (as occurs in some paraneoplastic syndromes)
is associated with retention of water and dilutional hyponatremia that can be symptomatic and even fatal. In
controlled clinical trials, tolvaptan given for 28 days resulted in an increase in serum sodium and diuresis in
patients with hypervolemic hyponatremia, in patients with cirrhosis and heart failure, and euvolemic
hyponatremia in patients with SIADH. Tolvaptan was approved for use in the United States in 2009 and current
indications are for short term therapy of patients with hypervolemic or euvolemic hyponatremia due to SIADH,
congestive heart failure or cirrhosis. Tolvaptan has also been shown to prevent progression of disease in patients
with autosomal dominant polycystic kidney disease (ADPKD), and was approved for this use in the United
States in 2019. For therapy of hyponatremia, tolvaptan is available in tablets of 15 and 30 mg under the brand
name Samsca. The recommended dose is 15 mg initially, titrating up to a maximum of 60 mg once daily, but
limiting therapy to 30 days. For therapy of autosomal dominant polycystic kidney disease, tolvaptan is available
in tablets of 15 and 30 mg under the brand name Jynarque and the recommended dose is 60 mg initially (given
in two divided doses) and titrating carefully up to a maximum of 120 mg daily. Common side effects include
excessive thirst, dry mouth and urinary frequency. Rare, but more serious side effects include hypernatremia and
osmotic demyelination injury and acute liver injury.

Hepatotoxicity

In prelicensure clinical trials, tolvaptan was not implicated in causing serum enzyme elevations or clinically
apparent liver injury. However, instances of worsening of hepatic failure and complications of portal
hypertension were reported in a small proportion of patients with cirrhosis treated with tolvaptan. These
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complications included variceal hemorrhage, hepatic encephalopathy and worsening of jaundice. In many trials,
however, the frequency of these complications was not significantly greater than in placebo treated controls.
More recently, in large registration trials of long term therapy in patients with ADPKD, serum aminotransferase
elevations occurred in 4% to 5% of patients on tolvaptan, compared to only 1% of controls. Furthermore,
clinically apparent liver injury occurred in approximately 0.1% of treated patients. The time to onset of illness
ranged from 3 to 9 months (Case 1), but occasionally arose during long term therapy (Case 2). The clinical
presentation was with the insidious development of fatigue, nausea and abdominal pain followed by dark urine,
jaundice and pruritus. The pattern of serum enzyme elevations was typically hepatocellular or mixed, and liver
biopsy showed an acute hepatitis with mild cholestasis. All patients recovered after stopping therapy, generally
within 1 to 3 months of stopping therapy without evidence of residual injury. Immunoallergic features and
autoantibodies were not found. Rapid recurrence on rechallenge was demonstrated in several patients with
marked serum enzyme elevations during therapy, but patients with jaundice were not reexposed. The frequency
of clinically apparent liver injury during therapy was one reason for the delay of formal approval of long term
tolvaptan therapy for ADPKD. Since its approval and more wide-spread use, occasion reports of clinically
apparent liver injury have continued to appear, at least one of which led to liver transplantation. Interestingly,
most instances of liver injury have been reported with its use in autosomal dominant polycystic kidney disease
rather than hyponatremia. Reasons for this are probably the duration of therapy, but also may relate to the
slightly higher doses used to decrease progress in polycystic kidney disease.

Likelihood score: C (probable rare cause of clinically apparent liver injury).

Mechanism of Injury

Tolvaptan is metabolized by the microsomal P450 drug metabolizing enzyme CYP 3A4 liver injury from
tolvaptan may be due to activation of a toxic intermediate. Inhibitors of CYP 3A4 (such as ketoconazole) can
raise levels of tolvaptan and should be avoided.

Outcome and Management

The hepatic injury caused by tolvaptan is usually reversible with stopping the medication. Tolvaptan has not
been linked to cases of acute liver failure, chronic hepatitis, prolonged cholestasis or vanishing bile duct
syndrome. Rechallenge usually causes recurrence and should be avoided. There is no information on possible
cross sensitivity to liver injury among various vasopressin 2 receptor antagonists, such as satavaptan, lixivaptan
or conivaptan.

Drug Class: Diuretics, Vasopressin Antagonists

CASE REPORTS

Case 1. Acute hepatitis with jaundice attributed to tolvaptan therapy.
(1,2)

A 45 year old woman with autosomal dominant polycystic kidney disease (ADPKD) developed mild symptoms
of fatigue, abdominal pain, anorexia and nausea approximately 5 months after starting tolvaptan as a part of a
controlled trial of this agent in ADPKD. She had no previous history of liver disease, alcohol use, or risk factors
for viral hepatitis or drug allergies. Her liver tests had been normal before treatment and again 4 months after
starting tolvaptan. Her other medical conditions included renal insufficiency, recurrent urinary tract infections,
hypertension and osteoarthritis. Other medications included atenolol, impidapril and olmesartan, all of which
she had taken chronically. Tolvaptan was continued and she was monitored more frequently. Tests for viral
hepatitis and other causes of liver disease were said to be negative. Her symptoms improved for a few days, but
then worsened as did serum enzyme abnormalities and serum bilirubin (Table). Tolvaptan was stopped
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approximately 6 weeks after onset of symptoms. Nevertheless, serum bilirubin levels continued to rise and
peaked at 7.6 mg/dL 11 days after stopping tolvaptan. Subsequently, symptoms resolved and serum enzymes fell
into the normal range within the next two months.

Key Points

Medication: Tolvaptan (120 mg daily)
Pattern: Hepatocellular (R=16.2)

Severity: Moderate (hospitalized)

Latency: 4 months

Recovery: 2 months after stopping

Other medications: Atenolol, impidapril, olmesartan

Laboratory Values

Time After Time After ALT AlkP GGT Bilirubin Other
Starting ~ Stopping (U/L) (U/L) (U/L) (mg/dL)

Pre Pre 16 14 0.4  Tolvaptan started

123 days  Pre 46 196 31 0.5

166 days  Pre 570 358 274 0.5  Symptomatic

177days  Pre 332 262 246 0.5

190 days  Pre 159 215 199 0.6

202 days 0 882 338 323 1.4  Tolvaptan stopped

207 days 5 days 809 316 244 4.1

213 days 11 days 598 325 206 7.6
222 days 22 days 200 240 189 2.0

232 days 32 days 57 170 124 1.8
249 days 49 days 30 62 1.1

Normal Values <35 <350 <50 <1.2
Comment

This patient developed symptoms and serum enzyme elevations 4 months after starting tolvaptan. The
medication was continued and, after improving temporarily, she developed further symptoms and jaundice. No
other cause of the abnormalities was found and all liver tests fell into the normal range within two months of

stopping.

Case 2. Acute hepatitis with jaundice attributed to tolvaptan therapy.
(2,3)

A 44 year old woman with autosomal dominant polycystic kidney disease (ADPKD) participating in an
experimental study of tolvaptan was found to have serum enzyme elevations at a routine 3 month study visit. She
reported having mild and transient nausea and abdominal pain during the previous several weeks, but denied
jaundice or dark urine. She had no previous history of liver disease or drug allergies. Her liver tests had been
repeatedly normal in the past including during a three year period of taking placebo as a participant in a
randomized controlled trial of tolvaptan. Tests were also normal just before starting open-label tolvaptan therapy
(Table). She did not drink alcohol and had no risk factors for viral hepatitis. Her other medical conditions
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included renal insufficiency, recurrent urinary tract infections, hypertension and osteoarthritis. Other
medications included perindopril, an antihypertensive, angiotensin converting enzyme (ACE) inhibitor available
in Europe. Tolvaptan was stopped promptly, and she was admitted for evaluation and monitoring. During the
ensuing weeks she developed more persistent symptoms of fatigue, nausea and anorexia followed by dark urine
and jaundice. Tests for hepatitis A, B, C and E and mononucleosis were negative as were antinuclear and smooth
muscle antibodies. Abdominal ultrasound and magnetic resonance imaging demonstrated multiple kidney and
hepatic cysts, but no evidence of biliary obstruction or hepatic masses. A liver biopsy showed a cholestatic
hepatitis with focal necrosis consistent with drug induced liver injury. In follow up, her symptoms resolved and
liver tests were improved when she was seen 3 months after initial onset. During long term follow up, however,
she continued to have mild elevations in serum aminotransferase levels (< twice ULN).

Key Points

Medication: Tolvaptan (120 mg daily)

Pattern: Hepatocellular (R=~15, using GGT)
Severity: Moderate (hospitalized)

Latency: 3 months

Recovery: 3 months

Other medications: Perindopril

Laboratory Values

Time After Time After ALT GGT Bilirubin Other
Starting  Stopping (U/L) (U/L) (mg/dL)

Pre Pre 12 16 0.4  Tolvaptan started

89 days 0 1243 122 0.8 Tolvaptan stopped

98 days 8 days 1098 190 1.2 Symptomatic

108 days 18 days 1742 208 9.6
4 months 1 month 746 164 10.2  Liver biopsy
6 months 3 months 59 63 0.6
7 months 4 months 59 54 0.6
Normal Values <35 <50 <1.2

Comment

This patient developed a moderately severe acute hepatitis 90 days after starting tolvaptan in an experimental,
open-label, rollover trial of this agent given long term in patients with symptomatic autosomal dominant
polycystic kidney disease. The injury was detected during a routine visit and tolvaptan was promptly stopped.
However, she developed symptoms and jaundice over the ensuing weeks with serum bilirubin rising to a peak of
10.2 mg/dL. A liver biopsy showed a cholestatic hepatitis without extensive necrosis. She was symptomatic for
several weeks but eventually recovered, although she continued to have mild serum ALT and AST elevations in
subsequent follow up. This was one of three cases of acute liver injury with jaundice that arose during the clinical
development of tolvaptan as therapy for ADPKD.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES
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Tolvaptan - Jynarque®, Samsca®
DRUG CLASS

Diuretics, Vasopressin Antagonists
COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULA AND STRUCTURE

DRUG CAS REGISTRY NUMBER MOLECULAR FORMULA STRUCTURE
Tolvaptan 150683-30-0 C26-H25-Cl-N2-03
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risk factors and mechanisms for tolvaptan-Induced liver injury are identified using a collaborative cross
approach. Toxicol Sci. 2017;156:438-54. PubMed PMID: 28115652.

(Screening of mouse strains that develop ALT elevations in response to tolvaptan found that genes of bile acid
homeostasis as well as oxidative stress and immune response were activated by exposure to the drug).

Muto S, Okada T, Yasuda M, Tsubouchi H, Nakajima K, Horie S. Long-term safety profile of tolvaptan in
autosomal dominant polycystic kidney disease patients: TEMPO Extension Japan Trial. Drug Healthc
Patient Saf. 2017;9:93-104. PubMed PMID: 29123425.
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(Among 135 Japanese patients with autosomal dominant polycystic kidney disease enrolled in an open label
extension trial of tolvaptan for up to 3 years, 5.9% developed ALT elevations above 3 times ULN, but none had
concurrent symptoms or jaundice and all resolved spontaneously or with dose interruption).

Makabe S, Mochizuki T, Mitobe M, Aoyama Y, Kataoka H, Tsuchiya K, Nitta K. Elevation of the serum liver
enzyme levels during tolvaptan treatment in patients with autosomal dominant polycystic kidney disease
(ADPKD). Clin Exp Nephrol. 2018;22:1079-87. PubMed PMID: 29508162.

(Among 63 Japanese patients with autosomal dominant polycystic kidney disease treated with tolvaptan, 7
developed ALT elevations between months 2 and 8 [ALT 37 to 77 U/L] and tolvaptan was stopped, but was
subsequently restarted in 6 whose ALT levels rapidly improved of whom only one had any recurrence of enzyme
elevations; in one subject ALT levels increased after topping tolvaptan to a peak of 980 U/L and drug was not
restarted; none developed bilirubin elevations or symptoms).

Khan MY, Rawala MS, Siddiqui M, Abid W, Aslam A. Tolvaptan-induced liver injury: who is at risk? a case
report and literature review. Cureus. 2019;11(6):e4842. PubMed PMID: 31410325.

(86 year old woman with inappropriate antidiuretic hormone syndrome and hyponatremia [118 mmoL/L] was
found to have liver test abnormalities the day after starting tolvaptan [bilirubin 2.8 mg/dL, ALT 193 U/L, Alk P
424 U/L], which rose over the next several days despite stopping tolvaptan and were still elevated when last seen
7 days later [bilirubin 5.5 mg/dL, ALT 164 U/L, Alk P 815 U/L] with no further information on the course of
illness).

Endo M, Katayama K, Matsuo H, Horiike S, Nomura S, Hayashi A, Ishikawa E, et al. Role of liver
transplantation in tolvaptan-associated acute liver failure. Kidney Int Rep. 2019;4:1653-7. PubMed PMID:
31891010.

(36 year old Japanese woman with autosomal dominant polycystic kidney disease developed abnormal ALT levels 5
months after starting tolvaptan that continued to rise despite dose modification and discontinuation [bilirubin
5.2mg/dL, ALT 426 U/L, Alk P 305 U/L, INR 2.8], with progressive hepatic failure leading to liver
transplantation).

Pellegrino AM, Annicchiarico Petruzzelli L, Riccio E, Pisani A. Idiosyncratic hepatic toxicity in autosomal
dominant polycystic kidney disease (ADPKD) patient in combined treatment with tolvaptan and
amoxicillin/clavulanic acid: a case report. BMC Nephrol. 2019;20:426. PubMed PMID: 31752750.

(41 year old woman with autosomal dominant polycystic kidney disease developed ALT elevations at week 12 of
therapy with tolvaptan and 5 weeks after receiving a course of amoxicillin-clavulanate, which continued to
worsen to an ALT peak of 808 U/L, eventually falling into the normal range by week 24; no mention of bilirubin
or Alk P levels).

Sakaida I, Terai S, Kurosaki M, Okada M, Hirano T, Fukuta Y. Real-world effectiveness and safety of tolvaptan in
liver cirrhosis patients with hepatic edema: results from a post-marketing surveillance study (START study).
] Gastroenterol. 2020;55:800-10. PubMed PMID: 32388692.

(In postmarketing studies on the safety of tolvaptan in 1,111 Japanese patients with cirrhosis who were treated with
a mean daily dose of 6 mg for an average of 82 days, side effects included thirst [6.6%], hepatic encephalopathy
[2.3%], dehydration [1.5%] and hypernatremia [1.5%] and there were 157 deaths, 15 of which were considered
possibly related to tolvaptan).

Raina R, Chakraborty R, DeCoy ME, Kline T. Autosomal-dominant polycystic kidney disease: tolvaptan use in
adolescents and young adults with rapid progression. Pediatr Res. 2020 May 11. In Press. PubMed PMID:
32392574.
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Tolvaptan

(Among 52 young adults [ages 18 to 24 years] enrolled in the TEMPO 3:4 Trial which compared tolvaptan to
placebo in patients with autosomal dominant polycystic kidney disease, clinical response rates were similar in
younger vs older subjects, but none of the young subjects developed serum ALT elevations during therapy
compare to 4% of the older adults).
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