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ABSTRACT

Hyponatremia is a common and frequently underrecognized electrolyte disorder in oncology patients. Early
identification of its underlying cause and prompt management are important to reduce complications, improve quality
of life, and enhance tolerance to anticancer therapy.Tolvaptan is an orally active vasopressin V2 receptor antagonist
belonging to the “vaptan” class of drugs. It acts as an aquaretic agent by promoting the excretion of free water without
significant loss of sodium or electrolytes, thereby increasing serum sodium concentration. Tolvaptan is approved for the
treatment of clinically significant euvolemic and hypervolemic hyponatremia, particularly in conditions such as
syndrome of inappropriate antidiuretic hormone secretion (SIADH), congestive heart failure, and liver cirrhosis. It is
especially useful in malignancy-associated SIADH, where persistent hyponatremia can adversely affect patient
outcomes and treatment continuation.Clinical studies have demonstrated that short-term administration of Tolvaptan
effectively improves serum sodium levels and symptoms related to hyponatremia. However, careful monitoring is
required to avoid overly rapid correction of sodium and potential adverse effects, including hepatotoxicity with
prolonged use'.
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INTRODUCTION

Hyponatremia is a frequent and clinically challenging
electrolyte disturbance encountered in oncology
practice. The importance of timely recognition and
etiological often
underappreciated. Evidence from clinical studies

accurate evaluation  is
indicates that even moderate, chronic, and ostensibly
asymptomatic hyponatremia (serum sodium 120-129
mEq/L), particularly in elderly patients, is associated
with an increased risk of falls, likely attributable to
subtle and frequently unrecognized neurological
impairments. These observations underscore the
clinical significance of early diagnosis and
appropriate management of hyponatremia in patients
with malignancy?.

In most cases, hyponatremia is associated with
reduced serum osmolality (hypotonic hyponatremia).
This form can be systematically classified based on
the patient’s volume status into hypovolemic,
and hypervolemic

euvolemic, categories, oOr

alternatively, according to the level and activity of
circulating antidiuretic hormone (ADH), also known
as arginine vasopressin.

Antidiuretic hormone (ADH), also known as arginine
vasopressin, exerts its physiological effects through
three receptor subtypes: Vla, Vlb, and V2. Vla
receptors are predominantly expressed in vascular
smooth muscle and the myocardium, where they
mediate vasoconstriction®.V1b receptors are localized
primarily in the anterior pituitary and are involved in
the regulation of adrenocorticotropic hormone
(ACTH) secretion. V2 receptors are situated in the
renal collecting ducts and facilitate water reabsorption
by promoting aquaporin channel insertion, thereby
concentrating urine.

Excessive secretion of ADH leads to enhanced water
reabsorption, resulting in an increase in total body
water, elevated urine osmolality, and dilutional
hyponatremia. In oncologic settings, the most
common cause of hyponatremia is a euvolemic state
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characterized by inappropriate elevation of ADH
levels, referred to as the Syndrome of Inappropriate
Antidiuretic Hormone Secretion.

Administration of isotonic saline in SIADH is
generally ineffective in correcting hyponatremia.
Although hypertonic saline may produce a transient
increase in serum sodium concentration, this effect is
often not sustained due to continued renal excretion of
sodium coupled with persistent water retention.
Consequently, the cornerstone of initial management
is fluid restriction, typically to 500—1000 mL per day.

Adjunctive therapy with loop diuretics may be
beneficial, particularly in patients with a high urine-
to-serum electrolyte ratio. These agents inhibit
sodium and chloride reabsorption in the thick
ascending limb of the loop of Henle, thereby reducing
medullary hypertonicity, promoting free water
excretion, and inducing a functional resistance to
ADH*.

Importantly, identification and treatment of the
underlying cause of SIADH remain essential
components of management.

Pharmacologic antagonism of ADH represents a
targeted therapeutic approach. Vasopressin receptor
antagonists (VRAs), commonly referred to as
“vaptans,” are non-peptide agents that inhibit ADH
activity at its receptor sites. These include selective
V2 receptor antagonists such as Tolvaptan,
mozavaptan, satavaptan, and lixivaptan; selective Vla
receptor antagonists such as relcovaptan; VI1b
receptor antagonists such as nelivaptan; and dual
V1a/V2 receptor antagonists such as conivaptan.
Among these, Tolvaptan is an orally active agent that
has demonstrated efficacy in the treatment of
hyponatremia as well as in autosomal dominant
polycystic kidney disease.

Tolvaptan: chemistry

Tolvaptan is a non-peptide, orally active vasopressin
receptor antagonist (VRA) with high selectivity for
the V2 receptor subtype. Its empirical formula is
C26H25CIN203, corresponding to a molecular
weight of 448.94 g/mol.

Chemically, tolvaptan is designated as ()-4’-([7-
chloro-2,3,4,5-tetrahydro-5-hydroxy-1H-1-be

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

nzazepinlyl]|carbonyl)-o-tolu-m-toluidide, reflecting
its complex benzazepine-derived structure that
underlies its pharmacological activity”.

Tolvaptan: Mechanism of Action

Tolvaptan is a selective vasopressin V2 receptor
antagonist with a strong pharmacodynamic profile. It
binds to the V2 receptor with approximately 1.8-fold
greater affinity than endogenous arginine vasopressin
and demonstrates around 30-fold selectivity for V2
over V1 receptors.

By antagonizing V2 receptors in the renal collecting
ducts, tolvaptan inhibits the action of ADH, resulting
in aquaresis—the excretion of free water without
significant loss of electrolytes such as sodium or
potassium. This mechanism distinguishes it from
conventional diuretics, which typically promote
natriuresis®.

Pharmacokinetically, tolvaptan is highly protein-
bound (~99%), has an oral bioavailability of
approximately 40%, and a terminal elimination half-
life of about 12 hours, supporting once-daily dosing
in clinical practice.

Tolvaptan: Metabolism and Elimination

Tolvaptan is predominantly eliminated via non-renal

pathways and wundergoes extensive hepatic
metabolism, primarily mediated by the cytochrome
P450 3A (CYP3A) enzyme system. No clinically
significant food—drug
identified. In vitro studies indicate that tolvaptan
exhibits inhibitory effects on

transporters.

interactions have been

Pglycoprotein

Pharmacokinetically, peak plasma concentrations are
typically achieved within 2—4 hours following oral
administration. The onset of pharmacodynamic
activity occurs within a similar timeframe’. However,
effect,
corresponding increase in serum sodium levels, is
generally observed between 4-8 hours post-dose.

maximal aquaretic along with the

Tolvaptan: Clinical Trials

Tolvaptan:  Trials Evaluating Efficacy in

Hyponatremia
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Tolvaptan has been evaluated in hyponatremia
associated with congestive heart failure, liver
cirrhosis, and SIADH in the pivotal SALT-1 and
SALT-2 trials. These studies demonstrated significant
improvements in serum sodium levels; however, the
effect was transient, with recurrence of hyponatremia
within one week of drug discontinuation. Long-term
extension data from the SALTWATER study (up to
804 days) showed sustained normalization of serum
sodium in approximately 60% of patients, although
treatment discontinuation due to adverse events,
including death, was notable.

In SIADH, tolvaptan has shown superiority over
conventional measures such as fluid restriction and
loop diuretics (e.g., furosemide). However, robust
comparative phase III data against other
pharmacologic agents, including alternative vaptans
and demeclocycline, remain limited?.

In the setting of congestive heart failure, the
EVEREST trials and other phase III studies
demonstrated effective correction of hyponatremia
but failed to show improvements in survival or major
clinical outcomes, highlighting a disconnect between
biochemical and prognostic benefits.

Additionally, in autosomal dominant polycystic
kidney disease, the TEMPO ftrial showed that
tolvaptan slows disease progression. However,
concerns regarding hepatotoxicity and the need for
prolonged therapy have led to regulatory restrictions,

including limitations on treatment duration.

Overall, while tolvaptan is effective in correcting
hyponatremia, its long-term clinical benefit and safety
profile require careful consideration®.

Tolvaptan: Indications

Vaptans have been primarily studied in euvolemic and
hypervolemic  hyponatremia,
associated  with depletion.

excluding  cases
Although
investigated in autosomal dominant polycystic kidney

volume

disease, their routine use in this condition is not
currently recommended.

The U.S. Food and Drug Administration limits the use
of Tolvaptan to a maximum duration of 30 days due
to the risk of hepatotoxicity, particularly elevated
liver enzymes with prolonged therapy.
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Current approved indications include moderate
hyponatremia (serum sodium <125 mEg/L) without
hypovolemia, as well as milder cases that are
unresponsive to fluid restriction'.

Tolvaptan: Dose

Start at 15 mg/day, increase to 30 mg after 24 hours,
and up to a maximum of 60 mg/day if needed. Doses
above 60 mg offer no added benefit and increase the
risk of liver toxicity.

Tolvaptan — cautions & contraindications:

. Contraindicated in hypovolemic
hyponatremia, anuria, and patients unable to
sense or report thirst

. Avoid with strong CYP3A4
inhibitors (e.g., ketoconazole, ritonavir,
clarithromycin)
. Not recommended for long-term use
in ADPKD
. Avoid  concurrent use  with
hypertonic saline
. Limited/no data in severe renal
impairment (CrCl <10 mL/min)"*.

Tolvaptan — key precautions :
. Liver dysfunction: Monitor liver
enzymes; stop if worsening occurs
. Serum  sodium: Avoid rapid

correction to prevent osmotic demyelination

. Pregnancy: Use only if benefit
outweighs fetal risk (teratogenic at high
doses)

. Lactation: Avoid due to insufficient
safety data

. CYP3A4 interactions: Use

cautiously with enzyme inducers/inhibitors
Tolvaptan — adverse effects :

. Hepatotoxicity: Rare but potentially
fatal; risk increases with prolonged use
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. Liver disease: May cause severe
acute hepatitis, especially in cirrhosis

. Common effects: Thirst, polyuria,
pollakiuria, dry mouth, nausea

. Fluid balance: Increased thirst may
reduce aquaretic benefit

Hypotension: Reported, often related to underlying
disease or diuretics'?.

CONCLUSION

. Hyponatremia is common and often
overlooked, especially in cancer patients'.

. Even mild cases can
neurological deficits, increasing risk of falls
and complications.

cause

. Associated with fatigue, myalgia,
and reduced quality of life .

. Tolvaptan is an effective treatment
option'®.

Early diagnosis and timely management improve
quality of life and reduce serious outcomes.
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