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Introduction
✓Electrolyte disorders in cancer patients are a very common complication

✓In most cases, these alterations are asymptomatic and therefore not 
always 

✓taken into consideration in clinical practice.

✓Associated with Worsening outcome

✓Influencing the        quality of life

✓ possibility to receive anticancer drugs

✓ Conditioning survival
✓ Berardi et al. J Cancer Metastasis Treat 2019;5:79



European Journal of Cancer 104 (2018) 32e38

✓A review of phase I trials performed 
between 2011 and 2015. n=1088

✓ patients who had electrolyte 
disturbances during follow-up had a 
poorer median overall survival (26 
weeks vs. 37 weeks, hazard ratio = 
1.61; P < 0.001).



✓ These alterations usually involve sodium, potassium, 
calcium, and magnesium serum levels.

✓ Berardi et al. J Cancer Metastasis Treat 2019;5:79



Causes of electrolyte disorders in cancer patients

✓cancer effects, such as paraneoplastic SIADH

✓Anti-cancer therapies 

✓Tumor lysis syndrome

✓ Concomitant clinical conditions or treatments

✓The origin of the electrolyte disorder is often multifactorial.

✓A prompt correction of electrolyte disorders is commonly 
associated with a better prognosis.

✓ Berardi et al. J Cancer Metastasis Treat 2019;5:79 DOI: 10.20517/2394-4722.2019.008



HYPONATREMIA

✓The most common tumor-related electrolyte disorder.

✓Its accurate incidence is still unknown.

✓it occurs more frequently in patients with small-cell lung cancer, 
with a median estimated rate of 15%.

Berardi et al. J Cancer Metastasis Treat 2019;5:79



49%of the cancer patients hospitalized in 
the palliative care department had 
hyponatremia.
However, in this end-of-life setting, 
hyponatremia was not associated with a 
poorer prognosis.



Cancers 2023, 15, 1197. https://doi.org/10.3390/cancers15041197

https://doi.org/10.3390/cancers15041197


Cancers 2023, 15, 1197. https://doi.org/10.3390/cancers15041197



Etiolgy

✓Cancer:

✓ Paraneoplastic syndromes such as SIADH,

✓ Brain metastasis

✓ Adrenal metastasis

✓ Kidney metastasis 

✓ Berardi et al. J Cancer Metastasis Treat 2019;5:79
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Berardi et al. J Cancer Metastasis Treat 2019;5:79

✓Cancer-treatment: 

✓As a result of side effects such as gastrointestinal losses (vomiting and 
diarrhea caused by most of the chemotherapeutic agents, target 
therapies, and immunotherapy)

✓ Direct effect of their mechanism of action (vinca alkaloids, platinum 
derivates; and target therapies, in particular anti-angiogenetic agents.)

✓kidney loss

✓Heart failure (cardiotoxic drugs such as anthracyclines and target 
therapies such as anti-HER-2, anti-ALK, and anti-MEK.) 

✓Immunotherapeutic agents might cause direct damage to adrenal or 
pituitary gland,Thyroidiyis,SIADH



✓Concomitant drugs: 

✓diuretics, antibiotics, (NSAIDs), opioids, antidepressants, and 
neuroleptics 

✓Concomitant diseases:

✓ heart failure, kidney failure, thyroiditis, hypocortisolism, liver 
cirrhosis, pneumonia, and inflammatory lung or brain diseases 







Immune check point inhibitors



Onconephrology 2022, Bonilla et al. KIDNEY360 4: 258–271, February, 2023



✓Diagnosis of hyponatremia requires routine laboratory tests. 

✓For a correct therapeutic approach, it is crucial to identify the 
underlying causes, 

✓thus  assessment should also include

✓ ECV status evaluation

✓ plasma and urine osmolality

✓urinary sodium concentration 



Tolvaptan

✓In the case of hyponatremia secondary to SIAD, the use of 
Tolvaptan, should be considered. 

✓It has shown an important efficacy to correct and stabilize 
serum sodium concentration.

✓ Tolvaptan schedule requires starting dose of 15 mg once daily 
and it should be administrated first in a hospital department.

✓ It could be increased at 24-h interval, to a maximum of 60 mg 
once a day.



Effects of tolvaptan in cancer cell lines

Cancers 2023, 15, 1197

✓The normalization of serum 
[Na+ ] has an independent 
beneficial effect on the 
prognosis of cancer patients. 

✓In this scenario, the 
encouraging effects of AVPR
antagonists in counteracting 
cell proliferation and 
invasivity in experimental 
models could be considered



✓Retrospectively analysed 36 cancer patients, affected by 
moderate or profound SIADH-induced chronic hyponatremia, 
who started oral urea (initial daily dose 15 g or 30 g) without 
fluid restriction between July 2013 and July 2018.

✓Almost all patients reached eunatremia within the first 
month of therapy, and urea was globally well tolerated.



Hypernatremia

✓ True hypernatremia is rare in cancer patients, reported in 
less than 3% of patients 

✓ It is associated with higher mortality and hospitalization 
length. 

✓The presence of hypernatremia denotes reduced water intake, 
free water loss, or increased sodium intake.



Hypernatremia was found in 93 (3.16%) of 2945 inpatients bearing cancer or 
lymphoma. From 991 eligible normonatremic control patients, 93 were 
matched according to diagnosis, age, and sex. The median overall survival time 
(OS) of patients with hypernatremia was 1.5 months compared to 11.7 months 
of the normonatremic controls (HR 2.69, 95% CI 1.85–3.90, p < 0.0001).

Curr. Oncol. 2022, 29(11), 8814-8824





Hypernatremia
✓ Cancer: 

✓anorexia and cancer cachexia,

✓ kidney damage,

✓ brain metastasis inducing diabetes insipidus

✓gastrointestinal disorders due to cancer infiltration (e.g., fistulae and nasogastric 

drainage due to bowel obstruction) 

✓ Cancer treatment:

✓ adverse events such as vomiting and diarrhea common to most anti-cancer agents

✓ (Chemotherapy, TKIs, and immunotherapies) associated with reduced thirst 
stimulation.

✓Direct bowel damage due to antiangiogenetic agents or immunotherapy.

✓ some chemotherapeutic agents such as ifosfamide might induce an iatrogenicDI. 



Hypernatremia

✓ Concomitant drugs:

osmotic diuretics, corticosteroids, enteral or parenteral nutrition, 
,   hypertonic saline infusion can induce hypernatremia. 

✓ Concomitant diseases: 

Cushing syndrome might induce hypernatremia.



✓ BrainTumors or secondary to whole brain radiation in patients with 
central nervous system lymphomas or brain tumors.(DI)

✓ lesions involving hypothalamic osmoreceptors may lead to reduced 
thirst, a dangerous and rare syndrome called adipsic diabetes insipidus. 

✓Some chemotherapeutics may induce  nephrogenic diabetes insipidus; 
the most commonly involved are amphotericin B, ifosfamide, 
platinum derivatives,Pemetrexed







Hypercalcemia

✓ It is a common electrolyte disorder in patients with advanced 
malignancies and it correlates with poor prognosis.

✓It was described as occurring in 20%-30% of cancer patients, 
especially those hospitalized, and it represents one of the most 
common life-threatening metabolic disorders.



Front. Endocrinol. 14:1039



✓ Bone metastasis, in particular osteolytic ones, is often associated 
with hypercalcemia due to calcium release from bone. 

✓It represents a common cause of hypercalcemia, occurring in 
approximately 20% of patients.

✓Bone metastasis releases several local factors, e.g., TGF β, RANKL, 
lymphotoxin, interleukin-1, interleukin-6, hepatocyte growth factor, 
and macrophage inflammatory protein (MIP-1alfa).



✓Rarely, hypercalcemia might be due to ectopic activity of 1-
alpha-hydroxylase resulting in calcitriol production.

✓This mechanism is described in some kinds of tumors such as 
lymphomas and ovarian germ cell tumors.

✓Finally, immobilization due to bedridden patients, a common 
condition of advanced cancer, can favor an acceleration of bone 
resorption resulting in hypercalcemia.



Horm Metab Res 2019; 51(12): 770-778





Hypercalcemia

✓Cancer treatment: 

✓antineoplastic drugs can indirectly cause hypercalcemia.

✓ Concomitant drugs: 

✓several drugs might cause hypercalcemia. Thiazide diuretics, vitamin D intoxication, and 
parenteral nutrition are the most common agents involved in this electrolyte disorder in 
cancer patients.

✓ Concomitant diseases:

✓ primary hyperparathyroidism due to parathyroid adenoma, familial hypocalciuric
hypercalcemia, isolated familial hyperparathyroidism, or most commonly secondary 
hyperparathyroidism, due to renal failure or drugs such as lithium).

✓ Mechanisms independent of PTH (chronic granulomatous disorders, hyperthyroidism, 
acromegaly, pheochromocytoma, and adrenal insufficiency

✓



Parathyroid carcinoma is the only malignancy for which cinacalcet is approved





Front. Endocrinol. September 2023,14:1281731.





Hypocalcemia

✓Cancer:

✓ malnutrition due to anorexia, cancer cachexia or bowel obstruction, malabsorption related to 
bowel tumor infiltration or previous intestinal surgery, and abnormal liver function due to liver 
metastasis might promote the development of hypoalbuminemia and subsequent hypocalcemia. 

✓ Malabsorption and malnutrition might frequently cause vitamin D deficiency and then 
hypocalcemia in cancer patients.

✓ PTH deficiency is a common condition in patients undergoing total thyroidectomy with 
subtotal or total parathyroidectomy for cancer. 

✓tumor lysis syndrome or hungry bone syndrome. The “hungry bone syndrome” is frequent in 
metastatic parathyroid and prostate cancer and it is characterized by osteoblastic 
metastases.



✓Cancer treatment:

✓receiving bisphosphonates or denosumab, an anti-RANKL 
monoclonal antibody, employed in cancer patients with bone 
metastasis .

✓ Ionized calcium: hyperlipidemia, parenteral nutrition enriched of 
free fatty acid Extravascular deposition: osteoblastic metastases, 
pancreatitis, Renal failure Iatrogenic, post-renal obstruction, 
compression and infiltration by malignancy, tumor lysis syndrome, 
sepsis, contrast agent nephropathy.

✓ Endocrine disorders Vitamin D deficiency or resistance: inadequate 
dietary intake, reduced absorption due to hepatobiliary or intestinal 
malabsorption, liver disease, PTH deficiency or resistance: 
parathyroidectomy, autoimmune disorders, hungry bone syndrome.



Berardi et al. J Cancer Metastasis Treat 2019;5:79

✓Concomitant electrolyte disorders Hypomagnesemia, Hyperphosphatemia.

✓ Drugs

✓Antiepileptics: phenytoin, phenobarbital

✓ Anticancer agents:

✓ fluorouracil, leucovorin, nab-paclitaxel, estramustine, octreotide, imatinib, axitinib, 
panitumumab, cetuximab, cisplatin

✓Others: bisphosphonates, denosumab, rifampicin, calcium chelators, radiographic 
contrast agent, furosemide, foscarnet, EDTA, cinacalcet.

✓ chemotherapeutic agents, target therapies, and immunotherapies can induce 
hypocalcemia in cancer patients, through different mechanisms: kidney injuries, 
iatrogenic magnesium deficiency, gastrointestinal damage, and pancreatitis. 

✓In particular, monoclonal anti-EGFR antibodies can cause hypomagnesemia with 
consequent hypocalcemia.



✓ Concomitant drugs: diuretics and parenteral nutrition can 
induce hypocalcemia.

✓ Concomitant diseases: kidney failure, autoimmune disorders 
causing PTH deficiency, sepsis, and pancreatitis can induce 
hypocalcemia.



Hypokalemia

Cancer: 

✓ Inadequate intake (malnutrition, anorexia, and malabsorption due to cancer bowel infiltration or bowel 
obstruction). 

✓ Some neuroendocrine tumors might cause hypokalemia through secretive diarrhea, favoring potassium 
losses. 

✓ The production of hormones such as mineralocorticoids (ACTH), cortisol, and, or through kidney
damage, such as multiple myeloma,AML.

✓ Cancer treatment: 

✓chemotherapeutic agents target therapies, and immunotherapies might cause hypokalemia secondary to

diarrhea or vomiting. drug-related tubular toxicity. 

✓ Concomitant drugs: thiazide diuretics, insulin, GSCF, beta-2 agonists, and glucocorticoids

✓ Concomitant diseases: endocrine dysfunctions causing excess glucocorticoids or mineralocorticoids, 
toxic epidermal necrolysis, and inflammatory bowel diseases 

✓ Berardi et al. J Cancer Metastasis Treat 2019;5:79



✓For example, Cushing syndrome can be due in rare cases to 
ACTH-producing tumors, especially in patients with small-
cell lung cancer, medullary thyroid carcinoma, islet cell 
adenoma or carcinoma, pheochromocytoma, and 
ganglioneuroma.

✓. 



Hyperkalemia

✓Causes Several causes might induce hypokalemia in cancer 
patients: 

✓ Cancer: 

✓ Tumors with high proliferative index such as leukemia and 
small-cell lung carcinomas can result in lysis syndrome.

✓ Cancer treatment: 

✓chemotherapeutic agents, such as platinum derivatives, might 
cause renal injury, which can lead to hyperkalemia.



✓ Concomitant drugs: 

✓diuretics, potassium-sparing diuretics, angiotensin-converting 
enzymes, inhibitors, and NSAIDs might induce hyperkalemia. 

✓Concomitant diseases: renal failure, diabetes mellitus, sepsis, 
and parenteral nutrition might induce hyperkalemia



✓However, despite the high frequency of adrenal metastasis (40%-
60% of patients), adrenal insufficiency is rarely described.

✓Adrenal insufficiency secondary to metastasis involving both 
adrenal glands might cause hyperkalemia in cancer patients, 
especially with advanced lung and breast cancer or lymphomas.

Finally, in the case of elevated leukocytosis or thrombocytosis, 
hyperkalemia should be distinguished from pseudo-hyperkalemia.



Hypomagnesemia

✓Hypomagnesemia is a common medical problem that contributes to the morbidity 
and mortality of patients with cancer.

✓ The causes of hypomagnesemia : decreased intake, transcellular shift, 
gastrointestinal losses, and kidney losses. 

✓Patients with cancer are at risk for opportunistic infections, frequently experience 
cardiovascular complications, and often receive classes of medications that cause 
or exacerbate hypomagnesemia.

✓Also, cancer-specific therapies : platinum-based chemotherapy, anti-EGF 
receptor mAbs, human EGF receptor-2 target inhibitors (HER2), and calcineurin
inhibitors. 

✓We recommended checking serum magnesium at the beginning of treatment and 
as part of routine monitoring.

✓ Berardi et al. J Cancer Metastasis Treat 2019;5:79



✓Cetuximab-induced hypomagnesemia is also secondary to 
primary renal magnesium wasting, mechanistically from an 
inhibition of the basolateral epidermal growth factor 
receptor, which prevents the transcellular magnesium 
reabsorption through the (TRPM6) Mg channels.

KIDNEY360 4: 258–271, 2023









ADJUNCT AGENTS USED IN PATIENTS WITH CANCER

✓The link between PPIs and hypomagnesemia is well established.

✓ PPIs can lead to intestinal losses and malabsorption of 
magnesium, as well as renal wasting of the mineral.

✓Cancer patients commonly use laxatives and diuretics, both of 
which can cause hypomagnesemia. 

✓Medications such as pamidronate and denosumab, used to treat 
hypercalcemia in cancer, also have been associated with 
hypomagnesemia.

✓Antimicrobial agents such as aminoglycosides, amphotericin B, 
and capreomycin, an



✓Sodium glucose transporter 2 inhibitors have been used in patients 
with refractory hypomagnesemia above and beyond the magnesium 
replenishment.

✓A meta-analysis showed increased serum Mg levels in patients by 
0.15–0.24 mg/dl, but the exact mechanism of this effect is unknown.

✓A plausible explanation of improvement in Mg levels is by 
increased Mg absorption in the intestine or reabsorption in the 
kidney, possibly by enhancing TRPM6-mediated transport in the 
intestine and/or the kidney.

✓ KIDNEY360 4: 258–271, 2023





Hypermagnesemia

✓Hypermagnesemia is defined as a magnesium plasma level > 2.2 
mEq/L.

✓

✓It is a rare electrolyte disorder and is usually iatrogenic 
(intravenous magnesium, magnesium-containing laxatives, or 
anti-acids).

✓ Patients with hypomagnesemia might complain of hypotension, 
respiratory depression, confusion, and ECG alterations such as 
bradycardia and complete AV-block until asystole.

Berardi et al. J Cancer Metastasis Treat 2019;5:79



Hypermagnesemia

✓ Treatment requires discontinuation of magnesium intake.

✓ In symptomatic patients presenting cardiac arrhythmias, 
respiratory depression, and hypotension, an intravenous 
infusion of calcium gluconate 10% is suggested.

✓ In severe cases, hemodialysis may be necessary.
✓ Berardi et al. J Cancer Metastasis Treat 2019;5:79
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