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Abstract: Hyponatremia is the most frequently observed electrolyte abnormality in clinical 

practice, and its frequency is almost double in hospitalized cancer patients. As a subset of cancer, 

hyponatremia is quite common in lung cancer patients, and it is often coupled with the diagnosis 

of syndrome of inappropriate antidiuretic hormone secretion. The presence of hyponatremia is 

consequential in that its presence adversely affects cancer patients’ prognosis and outcomes. 

Limited data suggest that correcting hyponatremia in lung cancer patients can increase response 

to anticancer treatment, may help reduce length of hospital stay and cost, and reduce morbidity 

and mortality. The type of treatment for hyponatremia depends on several factors; the key fac-

tors are the duration and severity of neurological symptoms of hyponatremia and the status of 

extracellular volume. When hyponatremia is caused by syndrome of inappropriate antidiuretic 

hormone, hypertonic saline is indicated for acute symptomatic cases, whereas fluid restriction is 

recommended in chronic asymptomatic hyponatremia. The latter allows a slower rate of correc-

tion, thus avoiding the dreaded complication of osmotic demyelination syndrome. Fluid restric-

tion is, however, insufficient or impractical, and often the use of pharmacological therapy such as 

antidiuretic hormone receptor antagonists becomes necessary. Availability of these antagonists 

as an effective treatment in the management of hyponatremia has been a major breakthrough, 

and furthermore, its clinical or investigational use in cancer-related hyponatremia may offer a 

potential opportunity to gain further insights into the prognostic impact of hyponatremia cor-

rection on cancer patients’ outcomes. Tolvaptan is a prototype of ADH receptor antagonists that 

acts at renal tubular levels to increase free water excretion without inducing major systemic 

electrolyte abnormalities such as hypokalemia or alkalosis. The aim of this paper is to provide 

a brief review while focusing on cancer hyponatremia; (1) of the epidemiology of hyponatremia 

and its pathophysiology and diagnostic approaches and (2) of the pharmacokinetics of tolvaptan 

and its clinical efficacy, safety, and compliance.  
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Introduction
Hyponatremia is the most common electrolyte abnormality in clinical practice, and by 

definition, it is considered as a disorder when serum sodium drops below 136 meq/L.1 

It occurs in ~20% of hospitalized patients, and in a recent survey, its frequency was 

reported to be nearly double in hospitalized cancer patients.2 Hyponatremia is associ-

ated with poor clinical outcomes such as reduced survival, prolonged hospital stay, and 

increased hospital costs.3,4 In the United States the direct costs of treating hyponatremia 

annually are estimated to range from $1.6 to $3.6 billion, of which 70% is attributed 

mostly to the cost of hospitalization.2 It is also reported to be an independent  predictor 
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of death in patients with cancer, heart disease, cirrhosis, or 

neurologic disorders.5 Furthermore, hyponatremia is also 

demonstrated to be associated with significant comorbidities 

such as gait instability and bone loss with increased fracture 

risks.6

Hyponatremia in cancer patients
There is a wide variation in the reported incidence and preva-

lence of hyponatremia in cancer patients. Various clinical stud-

ies have showed hyponatremia ranging between 25% and 44% 

when higher serum sodium cutoff, that is, <136 meq/L, was 

used, whereas rates were lower at ~15% when <130 meq/L 

cutoff was used.7 A recent survey conducted in 3,357 cancer 

patients admitted to a comprehensive cancer center reported 

a much higher rate of hyponatremia; using the higher sodium 

cutoff of <136 meq/L, 47% of hospitalized cancer patients 

were noted to have hyponatremia, which was mild (130–

135 meq/L) in 36%, moderate (125–130 meq/L) in 10%, and 

severe (<125 meq/L) in 1%.8 In this study, hyponatremia was 

acquired in 24% during the hospital stay.8 

Hyponatremia is common in lung cancer patients, ranging 

between 11% and 15%, and the common cause is syndrome 

of inappropriate release of antidiuretic hormone (SIADH).9,10 

SIADH can be due to nonosmotic release of antidiuretic hor-

mone (ADH) from the tumor itself or due to the effect of drugs 

used in the treatment and palliation of cancer, like vincristine, 

vinblastine, and cyclophosphamide, among others.11 Some of 

these agents like cyclophosphamide can potentiate the actions 

of ADH at the renal tubular level. Similarly, opioid analge-

sics used for pain control in cancer patients, antidepressants 

used in treatment of depression in cancer patients (including 

tricyclics and selective serotonin reuptake inhibitors), and 

phenothiazines used as antiemetic agents can all stimulate 

ADH secretion.11 Cancer patients can develop nausea and 

vomiting as part of the disease or following chemotherapy 

which in turn can cause inappropriate ADH secretion lead-

ing to hyponatremia. There are non-ADH-related etiologies 

described as causes of hyponatremia in cancer patients. 

Patients undergoing chemotherapy receive large amounts 

of intravenous fluids, and hence, dilutional hyponatremia 

has been reported with hydration protocols using hypotonic 

solution. A hypervolemic hyponatremia can be induced as a 

result of congestive heart failure that complicates the use of 

antineoplastic therapy agents (eg, anthracyclines).12 It can 

be seen in patients who develop nephrotic syndrome due 

to membranous nephropathy or minimal change disease 

as part of the paraneoplastic syndromes.13 Hyponatremia 

can also be precipitated from fluid losses due to emesis or 

diarrhea  secondary to antineoplastic therapy. Other causes 

of hyponatremia include adrenal insufficiency from metas-

tasis in adrenal glands, cerebral salt wasting resulting from 

brain metastases, and salt wasting secondary to drugs like 

cisplatin.14,15

Hyponatremia is a major cause of morbidity and mortality 

in cancer patients which has been shown to be an independent 

prognostic marker.3,16 The prognostic value of hyponatremia 

can vary based on several factors including the extent of the 

disease and pretreatment for hyponatremia. Even in patients 

with extensive disease, correction of sodium and amelioration 

of the associated clinical symptoms may help to improve the 

prognosis. Similarly, failure to normalize serum sodium fol-

lowing initiation of chemotherapy is found to be a negative 

prognostic factor.17 Hyponatremia can affect the performance 

status of patients, and this has been consistently demonstrated 

in various studies.9,18,19 A classic example is the relation 

between hyponatremia and Eastern Cooperative Oncology 

Group (ECOG) score which is correlated with the duration 

of the patient survival, response to treatment, quality of life, 

and comorbidity.19 ECOG score at admission showed a nega-

tive correlation with the serum sodium status.19 Treatment 

of hyponatremia in a small study led to a rapid correction 

and stabilization of the plasma sodium level which enabled 

the initiation of chemotherapy and subsequent ameliora-

tion of the ECOG performance status.9 Hyponatremia can 

also interfere with successful treatment of cancer. This is 

mainly because of the relationship between low Karnofsky 

score and hyponatremia. Patients with low Karnofsky score 

usually do not qualify for chemotherapy, in general. Data 

show that up to 40% of the patients may not receive effective 

primary chemotherapy due to low Karnofsky index.9 Such 

delay in the initiation of systemic chemotherapy can impact 

the outcome of treatment. 

Role of ADH in hyponatremia
ADH plays a central role in water balance, and consequently 

in hyponatremia. ADH hormone is synthesized in the neu-

rohypophyseal system by the cell bodies of the supraoptic 

nuclei.20 It is stored in the posterior pituitary and is released 

in response to changes in osmolality that are detected by the 

osmoreceptors located in the hypothalamus or by the changes 

in blood volume or pressure detected by baroreceptors 

located in the carotid sinus, aortic arch, atria, and pulmonary 

venous system. An increase in circulating angiotensin level 

also increases the secretion of ADH. There are mainly two 

types of receptors: V1 and V2 (Table 1). The physiological 

effects caused by the activation of V1 receptors include 
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 vasoconstriction, platelet aggregation, myocardial hyper-

trophy, and pituitary adrenocorticotropic hormone (ACTH) 

secretion. V2 receptor (V2R) is mainly found in the kidneys 

and is primarily located on the principal cells of the renal 

collecting tubules and the vascular endothelium, where the 

receptors mediate the antidiuretic effects of ADH. Binding of 

ADH to the V2R activates the Gs-coupled adenylyl cyclase 

system, which increases intracellular levels of cyclic adenos-

ine monophosphate. This in turn activates protein kinase A, 

which then phosphorylates preformed AQP2 water channels 

localized in intracellular vesicles. This phosphorylation 

stimulates trafficking of the vesicles to the apical membrane, 

followed by insertion of water channel AQP2 into the mem-

brane which increases water permeability (Figure 1).21–23 

Additionally ADH can increase thirst and thereby increase 

water intake, which helps normalize plasma osmolality.

SIADH and lung cancer
SIADH is a syndrome associated with inappropriate secretion 

of ADH in the absence of plasma hypotonicity. SIADH, first 

described in lung cancer patients, is most commonly found 

in small cell lung cancer (SCLC).9,10 SIADH is also seen in 

2%–4% of non-small cell lung cancer patients.9,10 In SIADH, 

ADH secretion is persistently elevated regardless of the tonic-

ity, maintained by the nonosmotic factors primarily due to the 

ectopic production of ADH. The first clinical case of a patient 

with SIADH was presented by Schwartz et al who described two 

patients with lung cancer and  hyponatremia that was attributed 

to ectopic secretion of ADH by tumor cells.24 Secretion of ADH 

by cancer cells was initially demonstrated by Klein et al25 and 

George et al.26 Presence of SIADH has been associated with 

higher propensity for central nervous system metastases, poor 

response to chemotherapy and advanced stage of cancer.26,27 

The relation between SIADH and ectopic production of 

ADH by tumor cells has been demonstrated in in vitro studies. 

These studies have shown high concentration of immune-

reactive ADH in tumor extracts of patients with SIADH. 

Northern blot and S
1
-nuclease analysis demonstrated the 

production of ADH mRNA in tumors and tumor cell lines 

from patients with SCLC and hyponatremia.28 Similarly, ADH 

has also been detected in SCLC tumors and tumor cell lines 

by bioassay of antidiuretic activity and by radioimmunoas-

say. Of note is that SCLCs causing SIADH are made up of 

heterogeneous cell populations; some contain ADH and 

others do not. Tissue cultures derived from ADH-producing 

small cell carcinoma demonstrated ADH in only a fraction 

of cells with most cells staining negative. Evidence for the 

production of ADH by selected cells is also supported by 

the finding of persistent SIADH in patients who had marked 

decrease in the tumor size.28–31 

Symptoms of hyponatremia
The symptoms of hyponatremia are related to both the severity 

of hyponatremia and the rapidity of changes in plasma sodium 

Figure 1 Mechanism of action of ADH and site of action of tolvaptan.
Abbreviations: ACS, adenyl cyclase system; ADH, antidiuretic hormone; PKA, protein kinase A; V2R, V2 receptor.

Collecting duct principal cell
Tubular
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Table 1 Subtypes of vasopressin receptors, location, and function

Receptor Location Function 

V1A Vascular smooth muscle, platelet, hepatocyte, myometrium Vasoconstriction, platelet aggregation, myocardial hypertrophy
V1B Anterior pituitary Release of ACTH, prolactin, and endorphins
V2 Collecting duct of kidney, vascular endothelium, and vascular  

smooth muscle cell
Insertion of AQP2 channels into apical membrane of collecting 
duct, release of von Willebrand factor, and factor VIII

Abbreviation: ACTH, adrenocorticotropic hormone.
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concentrations. In acute hyponatremia, symptoms are mostly 

due to cerebral edema from intracellular shift of water. Common 

symptoms of hyponatremia include headache, nausea, vomiting, 

muscle cramps, lethargy, disorientation, and depressed reflexes. 

Symptoms can vary based on the level of serum sodium. Sodium 

levels of 125–130 meq/L are usually associated with nausea and 

malaise. When the plasma sodium falls in the range 115–125 

meq/L, headache, lethargy, and obtundation set in, and for levels 

<115 meq/L, seizures, coma, respiratory arrest, or brain hernia-

tion may occur. The encephalopathy of hyponatremia though 

reversible can lead to permanent neurologic damage or death.11 

Noncardiogenic pulmonary edema has also been described.32 

These symptoms of hyponatremia may predate or accompany 

the underlying cancer, and they may not correlate with stage and 

anatomical spread of cancer or response to therapy. In chronic 

hyponatremia, there is enough time for osmolyte movement 

including sodium, potassium, and chloride out of the brain 

cells into the cerebrospinal fluid that prevents the intracellular 

water movement and cerebral edema; hence, most patients are 

asymptomatic.33,34

Diagnosis of hyponatremia
Establishing the diagnostic type from three clinically distinct 

types, that is, euvolemic, hypovolemic, and hypervolemic 

hyponatremia is important as management can vary mark-

edly, and wrong clinical diagnosis and adoption of wrong 

treatment can have serious consequences. An accurate 

diagnosis can be made based on clinical history, physical 

examination, and laboratory tests. The first step in assess-

ment of any hyponatremia is the measurement of serum 

osmolality.35 A normal serum osmolality would suggest the 

presence of pseudo hyponatremia, which is seen in patients 

with hyperglobulinemia and hypertriglyceridemia.1 Once true 

hyponatremia is confirm, the next step is the assessment of 

volume status.36 Clinical examination as well as laboratory 

tests confirm signs of volume depletion (orthostatic changes 

in heart rate and blood pressure, evidence of hemoconcen-

tration, a blood urea nitrogen to creatinine ratio >40, low 

urine sodium and chloride concentrations <20 meq/L, and 

have fractional excretion of these electrolytes <1%) and 

help in the exclusion of hypovolemic hyponatremia (emesis, 

cerebral salt wasting, and mineralocorticoid deficiency). 

Presence of adrenal insufficiency can be associated with 

low serum cortisol levels, presence of adrenal metastasis in 

imaging hyperkalemia, eosinophilia, and skin pigmentation 

changes.12 Patients with subcutaneous edema and ascites are 

deemed hypervolemic and differential diagnosis supporting 

hypervolemic hyponatremia should be considered. If the 

patient is deemed euvolemic, the next step is assessment 

of urine osmolality to assess whether the ability of kidney 

to dilute urine is intact. Since a normal kidney can excrete 

up to 20–30 L of water per day, it is unusual for patients to 

get hyponatremia unless their water intake is far more than 

the amount that can be handled by the kidney (as happens 

in polydipsia).1 Hence in the presence of hyponatremia and 

euvolemia, kidneys will try to maximally dilute the urine in 

an effort to get rid of the excess water which will result in 

a urine osmolality <100 mom/L.37 In hyponatremic patients 

with inappropriately concentrated urine (>200 mOsm/L), 

SIADH is suspected.33 Euvolemic hyponatremia seen in 

SIADH can also be seen in patients with hypothyroidism or 

glucocorticoid deficiency. Assessment of thyroid and adrenal 

gland functions will help to exclude these causes.38

Tolvaptan in the treatment of 
hyponatremia in lung cancer 
patients 
Recognition and withdrawal of inciting agents causing hypo-

natremia is an important first step. In hypovolemic hypona-

tremia, isotonic saline corrects the hyponatremia, and thus, 

asymptomatic hyponatremia due to extracellular fluid volume 

depletion should be treated with isotonic saline infusion. In 

the case of cisplatin-induced renal salt wasting, cisplatin 

should be temporarily withdrawn until there is recovery of 

renal and tubular dysfunction. Treatment of SIADH includes 

treatment of the underlying cancer with chemotherapy and 

removal of any SIADH causing drugs.  

In addition to the correction of underlying causes, addi-

tional treatment options for the correction of asymptomatic 

hyponatremia of SIADH include fluid restriction and the 

use of pharmacological agents. Fluid restriction is generally 

ineffective, often requiring the use of pharmacological agents. 

These pharmacological agents can enhance free water excre-

tion either by increasing solute excretion or interfering with 

medullary concentration gradient or by directly blocking the 

ADH receptors. Methods to increase solute excretion include 

increasing protein intake and use of urea or salt tablets. Use of 

urea is limited by unpleasant taste and potential liver and renal 

toxicity. Loop diuretics are the major agents that are used to 

block medullary concentration gradient. They are effective in 

instances where there are high levels of ADH, reflected by high 

urine osmolality (especially urine osmolality >600 mOsm/L). 

However, use of diuretics can be associated with major side 

effects such as electrolyte imbalance and precipitation of 

volume depletion.39 Demeclocycline, a tetracycline analog 

that negates the effects of ADH at the level of renal tubules, 

is seldom used due to its slow onset of action, hepatic as well 

as renal toxicity.40 
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An effective and sensible way of blocking of ADH recep-

tors is by using recently available ADH receptor antagonists. 

They are otherwise called aquaretics to distinguish them from 

the renal effects produced by classical diuretic agents that 

are natriuretic and kaliuretic.41 Clinical studies using ADH 

receptor antagonists showed a reduction in urine osmolal-

ity, thus consequently raising serum sodium concentrations. 

The diuretic effect is independent of any increase in urinary 

excretions of sodium, potassium, or chloride.42,43 Out of all 

the ADH receptor antagonists, the most commonly used one 

is tolvaptan.

Review of pharmacology, mode 
of action, pharmacokinetics of 
tolvaptan 
Tolvaptan is a selective orally administered V2R antagonist. 

It has a half-life of 6–8 hours. It binds reversibly (98%) to 

plasma proteins. It is extensively metabolized by the liver, 

and <1% of intact active substance is excreted unchanged 

in the urine. It follows a linear pharmacokinetics for doses 

of 15–60 mg. The starting dose of tolvaptan is 15 mg on 

the first day, and the dose can be titrated to 30 and 60 mg at 

24-hour intervals if the serum sodium remains <135 mol/L 

or the increase in serum sodium has been <5 mmol/L in the 

previous 24 hours.44 Maximum recommended dose of treat-

ment of hyponatremia is 60 mg daily.38 During the course 

of treatment, water restriction should be avoided to prevent 

dehydration. In case of inadequate improvement in serum 

sodium levels, other treatment options should be considered, 

either in place of or in addition to tolvaptan, keeping in mind 

that  combination therapy might increase the risk of overly 

rapid correction of serum sodium. Once there is an appro-

priate rise in serum sodium levels, the status of underlying 

disease should be evaluated to assess the need for continu-

ation of tolvaptan.  

Monitoring response is based on the improvement in 

serum sodium. Monitoring of ADH levels can be useful in 

some cases since ADH levels can decrease with successful 

treatment of cancer.29 Urine osmolality can act as the surro-

gate marker for ADH effect. A reduction in urine osmolality 

compared to baseline can help in determining the response to 

therapy.39 Response can also be monitored by assessment of 

electrolyte-free water clearance.45 In SIADH, electrolyte-free 

water clearance is negative, and therefore, limited excretion 

of water is expected. With treatment using tolvaptan, there 

will be substantial improvement in electrolyte-free water 

clearance. Similarly uric acid can also be used as a marker 

of correction. With resolution of SIADH, uric acid levels 

will increase.29 Fractional excretion of uric acid can also be 

used for monitoring. Fractional excretion of uric acid that 

will be high in SIADH will reduce following the correction 

of SIADH.29,46 

Safety and tolerability of tolvaptan
Common side effects of tolvaptan include dry mouth, thirst, 

pollakiuria, increased urinary frequency, and rarely dizziness, 

nausea, and orthostatic hypotension.47 Other less common 

side effects include hypoglycemia, hyperuricemia, syncope, 

dizziness, headache, malaise, and diarrhea. There are rare 

reports of hypernatremia and polyuria. Hepatotoxicity with 

tolvaptan is a major concern based on the TEMPO trial 

(this trial examined the effect of tolvaptan on the progres-

sion of polycystic kidney disease). In the TEMPO trial, an 

increased incidence of clinically significant elevations of 

alanine aminotransferase was observed in patients treated 

with tolvaptan compared to those receiving placebo, and 

most of the liver enzyme abnormalities were observed during 

the first 18 months of treatment.48 The elevations gradually 

improved once tolvaptan was discontinued supporting the 

view that tolvaptan has the potential to cause potentially 

irreversible and fatal liver injury.48 It is recommended to 

check liver function tests in patients taking tolvaptan who 

report symptoms indicating liver injury like fatigue, anorexia, 

right upper abdominal discomfort, dark urine, or jaundice.45 

If liver injury is suspected, tolvaptan should be promptly 

discontinued and appropriate treatment should be instituted.45 

Tolvaptan should not be re-initiated in these patients unless 

it is proven that the cause for the observed liver injury is 

unrelated to treatment with tolvaptan. Another major side 

effect is the rapid correction of hyponatremia, which in turn 

may lead to the development of the osmotic demyelination 

syndrome. Osmotic demyelination syndrome is a disorder 

characterized by dysarthria, mutism, dysphagia, lethargy, 

affective changes, spastic quadriparesis, seizures, coma, 

or death. It can develop 1 to several days after aggressive 

treatment of hyponatremia by any method, including water 

restriction alone. The underlying pathology is shrinkage of 

the brain, disruption of the blood–brain barrier, influx of 

immune-competent proteins, and subsequent demyelination 

of pontine and extra pontine neurons.49 

Close monitoring of sodium is also important while using 

tolvaptan for the treatment of hyponatremia. This is due to 

the fact that most cases of SIADH from lung cancer might 

resolve following successful chemotherapy and continued 

use of tolvaptan can lead to overcorrection.10 Hence, it is 

recommended to start tolvaptan therapy only when patients 
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are in the hospital. This allows for close monitoring of the 

therapeutic response and avoids overcorrection of sodium. 

Once initiated on tolvaptan, sodium should be monitored at 

frequent intervals. Generally, measurement of serum sodium 

is recommended every 4–6 hours, but the frequency should 

be increased if patients are at higher risk for osmotic demy-

elination because of alcoholism, malnutrition, hypokalemia, 

and serum sodium <120 meq/L.49 One additional factor that 

helps to avoid overly rapid correction with tolvaptan is the 

recommendation that fluid restriction should not be used 

during the active phase of correction, thereby allowing the 

patient’s thirst to compensate for an overly vigorous aqua-

resis. In instances where there is rapid correction, tolvaptan 

can be held or dose can be reduced subsequently, and sodium 

can be re-lowered using hypotonic solution (via oral and/or 

intravenous routes) with or without desmopressin. This will 

induce a prompt decline in the serum sodium concentration 

with an acceptable final gradient of correction. Although 

there are reports of osmotic demyelination syndrome with 

the use of tolvaptan, most cases have been due to inappro-

priate treatment strategies. Patients may also need constant 

volume monitoring since tolvaptan treatment may result in 

severe dehydration, which constitutes a risk factor for renal 

dysfunction. If dehydration becomes evident, dose of tolvap-

tan should be reduced and fluid intake should be increased.

Tolvaptan is metabolized by the cytochrome P450 iso-

enzyme CYP3A4, which is involved in the metabolism of a 

large number of common drugs, resulting in a high risk of 

pharmacokinetic interactions. Caution should be exercised 

in using tolvaptan along with CYP3A4 inhibitors like keto-

conazole, macrolide antibiotics, and diltiazem (which can 

increase plasma concentration) or CYP3A4 inducers like 

rifampicin and barbiturates (which can decrease plasma 

concentration). Other agents that can have significant interac-

tion with tolvaptan include digoxin, DDAVP, and grapefruit 

juice.19,21,47,50

Although tolvaptan does not need dose adjustment in 

elderly patients, its safety and efficacy in children and ado-

lescents aged <18 years have not yet been established, and 

hence, tolvaptan is not recommended in the pediatric age 

group. There is no dose adjustment based on sex or race. 

Although tolvaptan is not contraindicated with decreased 

renal function, it may not be effective if the serum creatinine 

is >2.5 mg/dL.44 Women of childbearing potential should 

use adequate contraceptive measures during tolvaptan use. 

Tolvaptan is contraindicated in patients with hypersensitivity 

to the active substance/excipients of tolvaptan formulation 

or patients with anuria, hypovolemic hyponatremia, pregnant 

or breast feeding females, and patients with impaired thirst, 

decreased access to free water or altered mental status.

Tolvaptan is also not recommended in patients with mod-

erate to severe symptoms of hyponatremia including seizure 

and coma. Use of tolvaptan in such instances can lead to 

potentially rapid correction, placing the patients at risk for 

neurological complications. Three percent saline should be 

the first-line therapy in such instances since these patients 

require predictable and titratable correction.51 

Ideally, tolvaptan should be continued until the underly-

ing disease is adequately treated or until hyponatremia is 

no longer a clinical problem.45 Although tolvaptan has a 

number of benefits in patients with lung cancer, US Food 

and Drug Administration recommendations (http://www.

fda.gov/Safety/MedWatch/SafetyInformation/SafetyAlerts-

forHumanMedicalProducts/ucm350185.htm) arising from 

concerns of potential liver toxicity with chronic use, clini-

cians are required to limit its use to no more than 30 days. It 

is not clear how tolvaptan should be withdrawn in patients 

receiving it for chronic hyponatremia. Factors that would be 

of consideration are the underlying cause of hyponatremia, 

effectiveness of other treatment options, and tolvaptan dos-

age. For patients on a 15-mg dose, tolvaptan can be withdrawn 

abruptly or reduced gradually/taken on alternate days, as 

clinically indicated. If patients are on higher doses, that is, 

30 mg, gradual dose reduction is preferred until the dose 

reaches 15 mg and then it can be withdrawn.

Efficacy studies on tolvaptan
Studies mostly in noncancer patients
Although there have been a number of clinical trials using 

tolvaptan, many of them did not highlight the number of lung 

cancer patients involved or their outcomes. Hence there is a 

scarcity of lung cancer-specific information for tolvaptan. The 

largest trials in this category are the SALT trials. SALT trials 

(SALT-1 and SALT-2) were double-blind, placebo-controlled, 

clinical trials in mostly noncancer medical patients, which 

compared the effect of tolvaptan to placebo in correcting 

the hyponatremia. A total of 424 patients with euvolemic or 

hypervolemic hyponatremia (serum sodium <135 meq/L) due 

to various underlying causes (heart failure, liver cirrhosis, 

SIADH, and others) were treated for 30 days with tolvaptan 

(n=216) or placebo (n=208). After the initial dose of 15 mg, 

doses were gradually increased to 30 and 60 mg/day depend-

ing on response using a 3-day titration scheme. The mean 

serum sodium concentration at trial entry was 129 meq/L 

(range 114–136 meq/L). The primary endpoint for these trials 

was the change in serum sodium from  baseline to day 4 and 
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baseline to day 30. At day 4 and day 30 of treatment with 

tolvaptan, sodium increased significantly than placebo in 

these patients (40% vs 13% in the SALT-1 trial and 55% vs 

11% in the SALT-2 trial). None of the patients were on fluid 

restriction. Tolvaptan was found to be superior to placebo 

with respect to several parameters; change in the average 

daily area under the curve  for serum sodium levels from 

baseline to day 4 and from baseline to day 30, the mean serum 

sodium concentration at each visit, the time to normalized 

serum sodium concentrations, the percentage of patients with 

serum sodium concentrations that were normal on day 4 and 

on day 30, and the categorical change in the serum sodium 

concentration from baseline to day 4 and from baseline to 

day 30. Tolvaptan maintained its superiority over placebo 

from initial observation point (8 hours after administration 

of the first dose) to the last day of treatment (day 30) in 

patients with all levels of hyponatremia irrespective of the 

underlying cause. Overcorrection of sodium was seen only 

in four of 223 patients (1.8%) on day 1. Similarly only four 

of 223 patients (1.8%) had a serum sodium level 146 meq/L 

or above at some point during the study period. Except for 

thirst (14% vs 5%), dry mouth (13% vs 4%), and increased 

urination (7% vs 3%), tolvaptan was well tolerated by most of 

the patients. Sodium levels trended down to levels comparable 

to that of placebo patients after a week of stopping tolvaptan. 

A subgroup analysis of SIADH patients in the SALT trials 

(out of the total 448 patients included in the SALT trials, 110 

had a primary diagnosis of SIADH) also showed improve-

ment in sodium with tolvaptan therapy. Only 5.9% of patients 

treated with tolvaptan exceeded the treatment target sodium 

limits, and there were no reports of neurological symptoms 

suggestive of osmotic demyelination syndrome.52

Another trial that looked at the long-term effects of 

tolvaptan was the SALTWATER trial, an open label exten-

sion of SALT-1 and SALT-2 trials. It enrolled 111 patients, 

and the mean follow-up was 701 days. There was prompt 

improvement in sodium with use of tolvaptan as early as 

day 1 with subsequent normalization of serum sodium and 

normal values were maintained for the entire study periods. 

Mean serum sodium increased from 130.8 mmol/L at baseline 

to >135 mmol/L throughout the observation period. Rapid 

correction of sodium was rarely observed in this study as 

well. When treatment was discontinued, serum sodium con-

centrations decreased to approximately baseline values (at 

day 7), despite the reinstatement of standard care therapy, 

indicating a need for continued tolvaptan therapy to maintain 

serum sodium. Although a majority of the patients in this 

study had SIADH (52.3%), the number of patients who had 

a diagnosis of cancer is not known.53 

Verbalis et al looked at the effects of tolvaptan on neu-

rocognitive function in 57 patients (aged ≥50 years) with 

chronic asymptomatic euvolemic or hypervolemic hyponatre-

mia.41 Patients were randomly assigned 1:1 to receive tolvap-

tan or matching placebo. Mean serum sodium concentration 

at entry was 120–135 meq/L. Primary outcome measured 

was the change on the neurocognitive composite score, and 

secondary outcomes measured included individual neurocog-

nitive domain scores, overall neurocognitive composite score, 

gait and postural stability test results, and serum sodium 

concentrations. At the end of the study period (3 weeks), there 

was no difference in overall neurocognitive composite scores 

between groups, except for the psychomotor speed domain, 

which improved significantly following hyponatremia correc-

tion with tolvaptan (treatment effect, 0.27; 95% confidence 

interval, 0.04–0.51; P<0.03). There was also improvement 

in the mean serum sodium concentration (129–136 meq/L in 

the tolvaptan group and from 130–132 meq/L in the placebo 

group). Major limitations for this study included limited 

number of patients and short follow-up.41 

Studies in cancer patients
Salahudeen et al54 conducted a double-blind randomized 

controlled study of tolvaptan versus placebo in hyponatremic 

cancer patients, irrespective of the cancer type, using an adap-

tive design (17 in tolvaptan group and 13 in placebo group). 

The primary objective of the study of determining superiority 

of tolvaptan over placebo was deemed met by the Safety and 

Data Monitoring Board, requiring the study to be stopped 

early. A majority of the cancers were solid tumors (69% in 

placebo and 65% in tolvaptan group; total of seven lung cancer 

patients). Starting dose was 15 mg, and the dose was gradu-

ally titrated up according to response to achieve a correction 

of 6–12 meq/L targeting sodium of >136 meq/L. The mean 

serum sodium at entry was  comparable between the groups. 

The primary endpoint of hyponatremia  correction was met 

by 16 of 17 patients who received tolvaptan and by one of 13 

patients who received placebo (94% vs 8%; P <0 .001) at day 

14. The secondary endpoints between the tolvaptan and pla-

cebo groups for length of stay and change in the Mini-Mental 

State Examination score were not significantly different. There 

were no cases of overcorrection. Major side effects reported 

included dry mouth, polydipsia, and polyuria, leading to 

withdrawal of 13% of the study subjects.8,54 

Studies in lung cancer patients
Petereit et al looked at ten patients with advanced SCLC and 

severe SIADH.9 All the patients were monitored for clinical 

improvement based on ECOG status, commencement of 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2016:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

112

Thajudeen and Salahudeen

 chemotherapy, and correction of sodium levels. Patients 

received tolvaptan at a dose of 15 mg for a median of 4 days. 

There was significant clinical improvement in sodium in the 

study participants. Moreover, use of tolvaptan significantly 

improved ECOG performance status which subsequently 

allowed initiation of chemotherapy especially with platinum 

agents. It also allowed for less hospital days and avoided 

emergent hospital visits. There were no serious adverse events 

reported during the study. The median duration of sodium 

maintenance was 17.5 (range: 2–614) days after tolvaptan 

discontinuation.9 

A similar study done by Kenz et al55 followed 13 patients 

with paraneoplastic SIADH out of which seven had SCLC. 

Serum sodium levels normalized in the majority of the 

patients (11/13 patients), at a dose of 7.5 mg tolvaptan on 

alternate days, despite stopping fluid restriction.55  

Summary of the efficacy studies
Although limited data are available in lung cancer patients, 

all the aforementioned studies in cancer and noncancer 

patients showed a consistent benefit with the use of tolvaptan 

in normalizing sodium. It meets the requirements of rapidity, 

efficacy, and safety based on these studies. But the effect was 

not sustained once tolvaptan was discontinued reiterating the 

fact that chronic tolvaptan therapy is mandated in most of 

the patients with SIADH especially in the presence of lung 

cancer. The side effect profile of the drug also seems to be 

acceptable.

Tolvaptan impact on patients’ 
quality of life, satisfaction/
acceptability, and adherence 
Use of tolvaptan  in lung cancer patients has multiple ben-

efits – some at least in theory – which can impact the quality of 

life: 1) patients can undergo chemotherapy without concerns 

for further aggravation  of hyponatremia, 2) in patients not 

treated with chemotherapy, these agents may reduce the symp-

toms of hyponatremia, 3) reduces hospitalization due to hypo-

natremia and symptoms related to hyponatremia, 4) treatment 

of hyponatremia without having to restrict oral fluids (this is 

important in patients undergoing chemotherapy with poten-

tially nephrotoxic agents, eg, cisplatin), 5) it can facilitate the 

administration of chemotherapy cycles in a timely manner, 

which in turn can improve the chance of patient’s prognosis 

and survival, 6) V2R antagonist therapy may permit early 

hospital discharge with its innumerable benefits, 7) decreases 

the number of emergency visits, prevents hospital readmis-

sion, and reduces possible admission to intensive care units, 

and last but not least, 8) the negative water balance induced 

by aquaretic agents has less adverse effect on neurohormonal 

activation and renal function than comparable amounts of 

urine output induced by loop diuretic agents.8,56,57 Over and 

above, tolvaptan is preferred in patients where the treatment of 

the malignancy that is causing the SIADH requires an immedi-

ate start of chemotherapy that cannot be administered without 

adequate hydration volumes, or in malnourished patients, for 

whom liquid restriction would worsen their nutritional state. 

Some of these observations were substantiated in the clinical 

trials discussed earlier. In the SALT trials, the results of self-

assessed health status using the SF-12 Health Survey for the 

mental scores showed statistically significant and clinically 

relevant improvements for tolvaptan treatment compared to 

placebo. SALT trial analysis also showed that use of tolvaptan 

nominally shortened hospital stay in the tolvaptan-treated 

patients, and this difference achieved statistical significance 

when the severe hyponatremia patients with SIADH were 

considered.58 In the subgroup analysis of SIADH patients 

in the SALT trial, tolvaptan, in addition to the efficacy in 

increasing serum sodium also had impact on the mental and 

physical health of patients (physical health composite score 

and mental health composite score) assessed using the SF-12 

General Health Survey. Additionally, the use of tolvaptan has 

been recommended as a safe treatment option for terminally 

ill patients considering palliative care. Even in cancer patients 

on palliative care, and in patients with persistent hyponatre-

mia, to improve symptoms, tolvaptan can be continued. As 

the long-term results for patients with SCLC are still poor, 

treatment of hyponatremia by itself might improve the overall 

outcome of the cancer. 

Clinical trials have consistently shown reasonably good 

adherence to tolvaptan therapy, especially short-term. In the 

subgroup analysis of SIADH patients in the SALT trials, there 

were 52 patients who were assigned to the tolvaptan arm. Of 

these, 42 completed the 30-day follow-up with ~80% adher-

ence. Ten patients discontinued the treatment and half of them 

discontinued due to adverse events. It is also notable that only 

four patients required fluid restriction, which is significant 

in many patients with SIADH who find it difficult to adhere 

to water restriction. The nonrequirement of fluid restriction 

in the presence of tolvaptan can improve patient adherence 

and compliance with tolvaptan therapy. The other factors 

that might have contributed to a high degree of compliance 

include lower number of hospital days and improvement in 

physical as well as mental health composite scores following 

the treatment.51 Similarly, in the study by Salahudeen et al,54 

the compliance rate was 70%. Out of the 24 patients assigned 
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to tolvaptan, 17 patients completed the study. Out of the seven 

patients in whom the therapy was terminated before the end 

of study, three patients terminated because of side effects. 

The mean number of days in hospital was 5 days less than 

for the placebo group (26±15 days vs 21±15 days).8 In the 

study by Verbalis et al41 a total of 29 patients were placed on 

tolvaptan arm and 26 patients completed study with com-

pliance rate of 90%. Two patients withdrew from the study 

due to adverse events.41 On the other hand, in the open label 

extension of SALT trials that followed up patients for nearly 

2 years, the compliance rate was only 42%. Out of the 111 

patients enrolled in the trial, only 47 patients completed the 

study. Out of the 64 patients who did not complete the study, 

19 withdrawals were due to adverse events and eleven were 

due to deaths from adverse events. Overall, short-term studies 

showed 70%–90% compliance and acceptability, whereas on 

long-term follow-up the compliance was only 42%.

Conclusion
Hyponatremia is a common electrolyte disorder in cancer 

patients particularly in lung cancer patients, which compli-

cates cancer management and its outcomes. In cancer, SIADH 

may be due to ectopic ADH production by tumor cells or due 

to stimulation of ADH secretion or potentiation of AVP effects 

by anticancer drugs or palliative medications. Studies have 

shown that treating hyponatremia in lung cancer patients with 

V2R antagonist tolvaptan can improve hyponatremia and the 

ECOG score making chemotherapy effective and amenable 

to more patients. Clinical and laboratory assessments play 

the key role in distinguishing SIADH from other causes. 

Symptomatic patients with hyponatremia are treated initially 

with hypertonic saline, whereas asymptomatic patients are 

generally managed with fluid restriction or pharmacological 

agents. The former is less effective in cancer patients as a high 

fluid intake is required for most of the patients. ADH recep-

tor antagonists,  especially tolvaptan seem to be an effective 

treatment strategy for hyponatremia. In the cancer patients, the 

use of ADH receptor antagonist could improve hyponatremic 

symptoms even in patients on palliative care. However, at the 

same time the use of tolvaptan is restricted by the US Food 

and Drug Administration due to potential safety concerns 

of chronic use. More studies are required to address these 

concerns since tolvaptan is an excellent choice for its use in 

cancer hyponatremia especially in patients with lung cancer.
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