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INTRODUCTION

EE
lectrolytic anomalies are frequent in cancer
patients. These anomalies may be caused
either by the malignant disease per se, or by the

complications of treatment. Hyponatremia is a common
electrolytic disorder, frequently encountered in patients
with malignant tumors. The normal level of serum sodium
is 135-145 mEq/L. Hyponatremia is defined by a serum
natrium concentration below 135 mEq/L. Depending on
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SUMMARY

Hyponatremia is a common electrolytic disorder, frequently
encountered in patients with malignant tumors. In oncology,
most cases of hyponatremia are caused by the syndrome of 
inappropriate secretion of antidiuretic hormone (SIADH). This
syndrome occurs most frequently in small cell lung cancer. Most
cases of hyponatremia develop in the presence of water excess 
relative to sodium, due to inability of the kidneys to excrete water.
A small percentage of cases present hyponatremia secondary to
excessive water intake. SIADH is a diagnosis of exclusion. The
patients are clinically euvolemic, without edema or ascites. The
presence of hyponatremia in patients with malignant disease is
associated with decreased survival, increased duration of hospi-
talization and higher intrahospital death rates. The treatment of
hyponatremia depends on the severity of hyponatremia, the 
clinical manifestations and the extracellular volume status of the
patient. The initial management of asymptomatic patients with
euvolemic or hypervolemic hyponatremia consists in fluid restric-
tion, in order to obtain a negative water balance. The correction
of hyponatremia in symptomatic patients with SIADH is
obtained with hypertonic saline solution. A new class of drugs for
the treatment of hyponatremia is represented by vasopressin
antagonists.
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RÉSUMÉ
L'hyponatrémie chez les patients avec du cancer beaucoup
plus qu’un trouble électrolytique common

L'hyponatrémie est un trouble électrolytique commune, fréquem-
ment rencontré chez les patients atteints de tumeurs malignes. En
oncologie, la plupart des cas d'hyponatrémie sont causés par le
syndrome de sécrétion inappropriée d'hormone antidiurétique
(SIADH). Ce syndrome est plus fréquent dans le cancer du
poumon à petites cellules. La plupart des cas d'hyponatrémie
développent en présence d'un excès d'eau par rapport au sodium,
en raison de l'incapacité des reins à excréter l'eau. Un petit 
pourcentage des cas présentent une hyponatrémie secondaire à la
prise d'eau excessive. SIADH est un diagnostic d'exclusion. Les
patients sont cliniquement euvolémiques, sans œdème ou ascite.
La présence d'hyponatrémie chez les patients atteints de la maladie
maligne est associée aux taux de mortalité intrahospitalière plus
élevés, une survie plus courte et l’augmentation de la durée 
d'hospitalisation. Le traitement de l'hyponatrémie dépend de la
gravité de l'hyponatrémie, les manifestations cliniques et l'état du
volume extracellulaire du patient. La prise en charge initiale des
patients asymptomatiques avec hyponatrémie euvolémique ou
hypervolémique consiste à la restriction hydrique, afin d'obtenir
un bilan hydrique négatif. La correction de l'hyponatrémie chez les
patients symptomatiques avec SIADH est obtenue avec une 
solution saline hypertonique. Une nouvelle classe de médicaments
pour le traitement de l'hyponatrémie est représentée par les 
antagonistes de la vasopressine.
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the level of serum natrium, hyponatremia may be classified
as mild (130-134 mEq/L), moderate (120-129 mEq/L) or
severe (less than 120 mEq/L). A level of serum sodium less
than 125 mEq/L is life-threatening. Although many cases
may be asymptomatic, especially in mild or moderate 
chronic hyponatremia, some patients may present with 
neurological symptoms, especially in severe hyponatremia,
rapidly installed. Hyponatremia usually is diagnosed after
the diagnosis of cancer has been made, but it can precede
the diagnosis of cancer, with an incidence of 3.7%-5% (1).
14% of hyponatremias of patients hospitalized in internal
medicine clinics are associated with malignant disease (1).
Hyponatremia is a disorder of water metabolism, and 
usually develops when the ability of the kidneys to excrete
free water is impaired. Different studies reported different
incidence and prevalence of hyponatremia, depending on
serum sodium cutoff point, cancer type and clinical settings. 

In oncology, most cases of hyponatremia are caused by
the syndrome of inappropriate secretion of antidiuretic 
hormone (SIADH). This syndrome occurs most frequently in
small cell lung cancer (SCLC). An analysis of nine clinical
trials from Denmark and Sweden identified 415 patients with
hyponatremia (defined as a serum sodium < 136 mEq/L)
from 1684 patients with SCLC (24.6%) (2). 

Etiology and pathophysiology of hyponatremia in
oncology

Most cases of hyponatremia develop in the presence of
water excess relative to sodium, due to inability of the 
kidneys to excrete water. A small percentage of cases 
present hyponatremia secondary to excessive water intake.
Ectopic secretion of antidiuretic hormone (ADH) or vaso-
pressin by tumor cells may lead to hyponatremia. ADH is
secreted by the posterior pituitary as a response to either
increased plama osmolality, which is detected by the
osmoreceptors located in the hypothalamus, or to
decreased blood volume detected by baroreceptors from
the carotid sinus, aortic arch, atria or pulmonary veins (3).
Through the activation of V2 receptors for ADH (from
the renal collecting duct cells), ADH promotes water
reabsorption and decreases plasma osmolality. Once 
plasma osmolality falls below a defined threshold, the
secretion of ADH decreases. Patients with SIADH 
present continously increased levels of ADH, despite the
low plasma osmolality, as a consequence of nonosmotic
factors such as ectopic secretion of ADH, mainly in the
malignant tumor cells (4). 11-15% of patients with SCLC
present SIADH (5,6). SIADH is a frequent cause of
hyponatremia in cancer patients. Clinically, the patients
are euvolemic, without edema, although they have a 
modest expansion of the intravascular volume, with
decreased blood urea nitrogen, uric acid (< 4 mg/dL), and
phosphate in addition to natriuresis (urinary sodium > 40
mEq/L). SIADH is frequently encountered in primitive
cerebral tumors, malignant hematologic diseases, non-
pulmonary intrathoracic cancers, cutaneous cancers, 
gastrointestinal, ginecologic, breast, prostate cancers, and
sarcoma. SIADH appears in 11-15% of patients with

SCLC, 3% of patients with head and neck cancers and
0.7% of those with non-small lung cancer (5,6). 
Historically, the first case of SIADH was described by
Schwartz et al in 1957, in two patients with bronchogenic
carcinoma, who developped hyponatremia with continu-
ous urinary losses of sodium (7). Some tumors may secrete
more hormones (ADH and ACTH). Studies have shown
that 10-15% of these patients have hyponatremia 
clinically manifest at presentation, while 70% from
patients with SCLC present significant increases of 
plasmatic ADH, which tend to normalize after efficient
treatment (8).  

Volemic depletion induced by bleedings, diarrhea, 
vomiting, liquid sequestration in the 3rd space (ascitis, 
pleural fluid), perritonitis, ileus, enhances the vasopressin
release. Other mechanisms intervene in the adrenal insuffi-
ciency from metastasis in both suprarenal glands, cerebral
salt wasting syndrome, nephropathy with salt wasting 
associated with tubular toxicity induced by cisplatin or
iphosphamide. The cerebral salt wasting syndrome appears
in critical patients after surgery for cerebral tumors. Its 
etiology is unknown. This syndrome is frequently mistaken
as SIADH, because they share common clinical and para-
clinical features: decreased serum natrium, decreased serum
osmolality, decreased urinary osmolality, urinary osmolality
higher than serum osmolality, increased urinary sodium.
Moreover, what differentiates the cerebral salt wasting 
syndrome from SIADH (contraction of extracellular fluid
and the negative sodium balance) is difficult to establish out
of any doubt. The cerebral salt wasting syndrome can be 
differentiated from SIADH by the presence of dehydration
signs and postural hypotension, uric acid excretion lower
than in SIADH; the differentiation of these two syndromes
is very important, because their management is different. 

Other hyponatremia mechanism is the decreased 
effective circulatory volume with hypersecretion of ADH,
water retention and hyponatremia. Total salt and water are
increased. Patients present peripheral edema and/or ascitis.
This mechanism intervenes in malignant ascitis, heart 
failure induced by anthracyclines, multifactorial severe liver
disease, severe hypoalbuminemia, nephrotic syndrome
induced by cancer, veno-occlusive disease. 

Hyponatremia in cancer patients may appear also as a
complication of drug treatment, either by the increase of
hypothalamic secretion of ADH or by enhancing the ADH
actions. Drugs that increase the hypothalamic secretion of
ADH are vinca alkaloids, platinum compounds (cisplatin,
carboplatin), alkylating agents (ciclophosphamide, iphos-
phamide, melphalan), methotrexate, alfa and gamma inter-
feron, opioid analgesics, antidepressants, antipsychotics, 
anticonvulsants (9). Drugs that enhance the ADH actions
are alkylating agents (cyclophosphamide), nonsteroidal 
anti-inflammatory agents, antiepileptics (carbamazepine,
lamotrigine), antidiabetic agents (chlorpropamide, tolbu-
tamide) (9). High doses of cyclophosphamide (30-50 mg/Kg
intravenously), associated with administration of hypotonic
fluids, in order to prevent the hemorrhagic cystitis, may
induce hyponatremia (10). Vincristin and vinblastin induce
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an increase secretion of ADH; SIADH appears in 1.3/
100,000 patients treated with these drugs (10). Nausea 
associated with chemotherapy is an important stimulus for
ADH releasing. Phenothiazine, used as an antiemetic drug,
stimulates excessive water ingestion (polydipsia), with 
consequent hyponatremia. 

SIADH is a diagnosis of exclusion. The patients are
clinically euvolemic, without edema or ascites. The 
criteria that have to be fulfilled in order to establish the
diagnosis of SIADH are: decreased plasmatic osmolality,
increased urinary osmolality (> 100 mOsm/Kg, usually >
300 mOsm/Kg), urinary sodium > 30 mmol/L, blood urea
nitrogen and serum creatinine relatively normal or
decreased, low uric acid, normal thyroid and adrenal 
function. 

Another mechanism of hyponatremia in malignant
tumors is reset osmostat. Reset osmostat is a variation of
SIADH which occurs when the threshold for antidiuretic
hormone secretion is reset downward. It is encountered in
patients with gastrointestinal tumors. Reset osmostat may
appear also in other conditions, such as pregnancy, tubercu-
losis, tetraplegia, psychosis etc. The mechanism of reset
osmostat in cancer is not well known; it is possible that the
osmostat is reset by nonosmotic stimuli (11). 

Patients with multiple myeloma or macroglobulinemia
Waldenstrom, with hyperproteinemia, develop pseudo-
hyponatremia. The total body water and total body natrium
are normal. Due to increased fraction of protein in plasma,
there is an artificially low plasma sodium concentration (12).
Corticotherapy in oncologic patients, used for the treatment
of nausea, lymphoma or compression syndromes, leads to
hyperglicemia and pseudohyponatremia (12).

Dilutional hyponatremia is encountered especially in
pediatric clinics, as a consequence of excessive hydration
with hypotonic fluids. In adults, it appears in men, after
transurethral resection of the prostate (TURP), or in
women after transcervical endometrial ablation. This is a
true syndrome of intoxication with water, which requires
rapid recognition and adequate treatment. 

In patients with advanced cancer, with unexplained
nausea, vomiting, astenia, with hyponatremia and normal
seric potassium, the diagnosis of adrenal insufficiency due
to adrenal metastasis should be considered (13). Adrenal
metastasis appears in patients with advanced breast cancer
or colonic carcinoma. 

Clinical manifestations of hyponatremia

On the basis of brain adaptation time frame, hypo-
natremia is classified as acute if it develops within 48 hours
and chronic if it develops over 48 hours. Acute hypo-
natremia (< 48 h) manifests with signs of cerebral edema,
neurologic signs, sometimes death. Chronic hyponatremia
(> 48 h) present with mild neurologic symptoms, mild 
cerebral edema. Patients with natrium between 130-135
mEq/L  are frequently asymptomatic or may present with
headache, vomiting, confusion, anorexia, muscle cramps,
decreased osteotendinous reflexes. A seric sodium between
120-130 mEq/L manifest with postural instability, headache,

nausea, vomiting, confusion, anorexia, muscle cramps.
Severe hyponatremia (seric sodium < 120 mEq/L) presents
with headache, lethargy, convulsions, signs of brain hernia-
tion, respiratory arrest, death. 

The diagnosis of cancer-associated hyponatremia is an
exclusion diagnosis (14). First, hyperglycemia and 
drug-induced hyponatremia must be excluded. The panel of
laboratory tests used for diagnosis should include the 
measurements of serum and urinary sodium, serum and 
urinary osmolality, serum creatinine, serum potassium,
serum uric acid, serum cortisol, thyroid hormones. The first
step is the measurement of plasma osmolality, which is low
in the majority of cases (< 280 mOsm/Kg)(14). A normal or
even high plasma osmolality will suggest hyperglycemia. In
patients with low plasma osmolality, the urinary osmolality
should be assessed to evaluate the renal diluting mecha-
nisms. If the urine is inappropriately concentrated (> 100
mOsm/L) in hyponatremic patients, it will suggest impaired
water excretion (14). The next step is to assess the extra-
cellular fluid volume status. The presence of tachycardia,
orthostatic hypotension, dry mucosa suggests volume deple-
tion (in diuretic treatment, vomiting, diarrhea, burns etc),
whereas edema or ascites suggest hypervolemia (in conges-
tive heart failure, liver cirrhosis, acute or chronic renal 
failure) (14). Urine sodium > 30 mEq/L in patients without
diuretic treatment or kidney diseases is suggestive of 
euvolemia; urine sodium < 30 mEq/L is suggestive of hypo-
volemia. Because hyponatremia in malignant disease is
caused in a majority of cases by SIADH, these patients are
euvolemic. Euvolemic hyponatremia may appear also in
hypothyroidism or adrenal insufficiency; therefore, measure-
ment of serum cortisol and thyroid hormones is part of the
diagnostic algorhythm. 

Prognostic implications

The presence of hyponatremia in patients with malig-
nant disease is associated with decreased survival and 
higher intrahospital death rates (15,16). One study on 3357
patients with malignant disease, hospitalized in MD 
Anderson Center (USA) during a 3 month period, in 2006,
identified hyponatremia in 47% of patients (23% on 
admission and 24% acquired during hospitalization) (16). In
these patients, hyponatremia was independently associated
with a decreased survival at 90 days. Moreover, patients
whose serum sodium levels did not improve during hospitali-
zation had a higher 90 day mortality risk than those whose
serum sodium improved (16). A meta-analysis of 13 studies
that investigated the impact of hyponatremia on outcome in
cancer patients has found that hyponatremia was signifi-
cantly associated with a shorter survival duration on uni-
variate analysis of the study cohorts in 7 of the 13 studies
(54%) and on multivariate analysis in 6 studies (46%) (14).
In the same meta-analysis, several studies explored the
impact of low serum sodium on survival outcomes in
patients with malignancies, other than SCLC (14). Hypo-
natremia was a negative prognostic factor in two of three
studies of nonSCLC (17,18,19) and in two studies of renal
cell carcinoma (20,21). All the studies concluded that
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hyponatremia is a negative prognostic factor in cancer
patients.

Treatment of hyponatremia

The treatment of hyponatremia depends on the severity
of hyponatremia, the clinical manifestations and the extra-
cellular volume status of the patient. The initial manage-
ment of asymptomatic patients with euvolemic or hyper-
volemic hyponatremia consists in fluid restriction, in order to
obtain a negative water balance. The patients are allowed to
drink a volume of fluid with 500 mL below the daily urine
output. If hyponatremia is associated with a specific drug
treatment, this drug should be discontinued. Fluid restriction
is usually poor tolerated by patients. In symptomatic patients,
the level of serum sodium should be increased only by 1-2
mEq/L/h3. In asymptomatic patients serum sodium should
be increased with less than 0.3 mEq/L/h3. The main risk of
the too rapid correction of hyponatremia is osmotic demyeli-
nation, with high risk of death. The correction of hypona-
tremia in symptomatic patients with SIADH is obtained
with hypertonic saline solution (3%)3. The best treatment of
tumor-associated SIADH is the specific treatment of the
tumor, which may reduce the inappropriate vasopressin secre-
tion. 

The pharmacologic therapy may include drugs such as
demeclocycline or lithium. These drugs have limited 
efficacy and important side effects, therefore their use is
limited in clinical practice. 

A new class of drugs for the treatment of hyponatremia is
represented by vasopressin antagonists: conivaptan, 
tolvaptan, mozavaptan, lixivaptan, satavaptan. These drugs
have many potential benefits: cancer patients may do
chemotherapy with platinum compounds without concerns
related to hyponatremia and the symptoms related to
hyponatremia will be reduced in all other patients (14).
Tolvaptan is an oral vasopressin V2-receptor antagonist
administered once daily, that increases free water clearance,
reduces urine osmolality and raises serum sodium concentra-
tion. Tolvaptan was approved for treatment of hyponatremia
following the results of 2 trials, SALT-1 and SALT-2, which
demonstrated that tolvaptan significantly raised the serum
sodium in patients with euvolemic or hypervolemic hypo-
natremia, without fluid restriction during the first 24 hours of
treatment (22). The main side effects of the treatment were
thirst and dry mouth.Tolvaptan is approved in Europe for the
treatment of hyponatremia secondary to SIADH, whereas in
USA is approved for the treatment of clinically significant
hypervolemic or euvolemic hypo-natremia (22). The starting
dose is 15 mg once daily, that can be further increased to 30
mg once daily and up to a maximum of 60 mg once daily,
depending the level of serum sodium increase (22). 
Conivaptan is a vasopressin V1A and V2 receptor antagonist
that has been demonstrated to increase the serum sodium in
hospitalized patients with euvolemic or hypervolemic
hyponatremia, during a short time treatment (2-4 days) (23).
Mozavaptan is an oral vasopressin V2-receptor antagonist
approved in Japan for the treatment of cancer patients with
ectopic secretion of ADH (24). 

CONCLUSIONS

Hyponatremia is a common electrolytic disorder in 
cancer patients, associated with reduced survival. The most
common cause of hyponatremia in cancer is SIADH, either
by ectopic vasopressin secretion by tumor cells or by
increased secretion of vasopressin by anticancer drugs. An
extensive diagnostic algorhythm, which includes laboratory
measurements of serum and urine osmolality, urine sodium,
serum creatinine, serum potassium, serum uric acid, serum
cortisol and thyroid hormones, is necessary for the 
differential diagnosis of hyponatremia. Asymptomatic
hyponatremic patients are usually treated with fluid 
restriction, whereas symptomatic patients usually receive
hypertonic saline solution. During the last years, a new class
of drugs has been developped for the treatment of hypo-
natremia: the vasopressin receptor antagonists. These drugs
are generally well tolerated and allow patients to receive the
anticancer treatment without concerns related to hypo-
natremia.
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