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Etiology of Electrolyte Disorders in Malignancies 

The same as those seen in the general population 

Caused by the cancer  itself (ie, paraneoplastic syndromes) 

Caused by Anti-cancer treatment  



Hyponatremia 

Hypernatremia 

Hypokalemia 

Hyperkalemia 

Hypomagnesemia 

Hypermagnesemia 

Hypophosphatemia 

Hyperphosphatemia 

Hypocalcemia 

Hypercalcemia 

Types of Electrolyte Disorders in Malignancies 



Hyponatremia 

Hypernatremia 

Hypokalemia 

Hyperkalemia 

Hypomagnesemia 

Hypermagnesemia 

Hypophosphatemia 

Hyperphosphatemia 

Hypocalcemia 

Hypercalcemia 

Types of Electrolyte Disorders in Malignancies 



ÇHyponatremia is the most common electrolyte disorder encountered in 
patients with malignancy, occurring in up to 47 percent of hospitalized cancer 
patients. 
ÇApproximately 14 percent of hyponatremia cases seen in hospitalized patients 

are associated with an underlying malignancy. 
ÇHyponatremia in these patients is associated with increased hospital length of 

stay, increased mortality, and poor response to therapy 
ÇHalf of these cases occurs in the hospital setting 
ÇHospital length of stay is nearly doubled in patients with moderate to severe 

hyponatremia. 
ÇHyponatremia may affect patient response to therapy. 
ÇHyponatremia may limit the use of chemotherapeutic options that require 

extensive hydration.  

Hyponatremia 
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 Etiologies of Hyponatremia in Patients With Cancer 

AVP directly stimulate 
tumor growth factor 

Poor prognosis/poor 
response to therapy 

nausea/pain/medications Č 



 Malignancies and Therapies Associated With the Syndrome of Inappropriate Antidiuretic Hormone Secretion 

×10% -15% of patients are hyponatremic at presentation. 
×  70҈ ƻŦ ǇŀǘƛŜƴǘǎ ƘŀǾŜ ǎƛƎƴƛŬŎŀƴǘ ŜƭŜǾŀǘƛƻƴǎ ƻŦ !±tΦ  
×Mostly hyponatremia develops slowly and insidiously. 
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Distribution of water and solids in plasma and electrolyte exclusion effect in the MM 

93% Plasma water 

Normal Plasma/Serum 

7% solid  
(Non aqueous phase) 

Proteins& Lipids 

Reduced Plasma water 

Abnormal Plasma/Serum 

Increased Solids (Non 
aqueous phase) 

Proteins& Lipids 





Treatment of malignancy induced hyponatremia  
ÇTreatment of etiology 
ÇCorrection of hypoalbuminemia 
ÇHyponatremia inducible drugs should be minimized 
ÇFluid restriction (500cc lower than the daily urine volume) 
ÇHypertonic saline 3% 

Sudden (<48 hours) Severe (<110) Symptomatic 

Coma Confusion Convulsion 



 Tolvaptan improves the quality of life of these patients by relieving the 
burden of strict dietary modifications and prolonged hospitalization 
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Central DI Nephrogenic DI 

Lung cancer, leukemia,  
lymphoma, metastasis 

or neurosurgery for 
brain tumors. 

Hypercalcemia, or 
Hypokalemia in 
patients with 

cancer 

patient does not 
access to or can 
not drink water 

Hypernatremia in the Malignancies 



 Am J Case Rep, 2018; 19: 973-977  

×A case of 40-year-old female with stage IV breast cancer with skeletal and leptomeningeal 
metastasis. 
×Admitted with polyuria, polydipsia, and recent onset of confusion. 
×Found to have profound hypernatremia and severe hypercalcemia. 
×Treatment:  5% dextrose for rehydration, 1 dose of intravenous (IV) pamidronate, 1 dose of 
IV desmopressin, and 4 days of subcutaneous calcitonin 200 international units Q12H. 



 Am J Case Rep, 2018; 19: 973-977  

Diagnosis of DI 

̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬̬ 



Cancer patients with increased risk for hypernatremia 



 Journal of critical care 2013 

Factors contributing to ICU-acquired hypernatremia (including patients with malignancy) 



Malignancy Chronic Inflammation 

INTERNATIONAL JOURNAL OF ONCOLOGY  50:  1477-1481,  2017 

 Hypertonic saline Č induces Warburg-like effect by enhancing glucose transport and lactic acidosis in cancer cells  



INTERNATIONAL JOURNAL OF ONCOLOGY  50:  1477-1481,  2017 

 Enhanced Warburg-like phenomenon by high salt on cancer cells 



Management of Hypernatremia 
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Hypokalemia Associated Cancer 

ÇHypokalemia is the second most common electrolyte disorder encountered in the patient 
with cancer. 
ÇIn most cases, the etiology of hypokalemia is multifactorial. 
ÇHypokalemia is also commonly seen in conjunction with other electrolyte disorders such as 

hyponatremia and hypomagnesemia. 



Etiologies of Hypokalemia in the Patient With Cancer 

ČSmall cell ca, Thymoma, Carcinoid tumors, Thyroid medullary ca, 
Neuroendocrine tumors 
ČPatients with occult ectopic ACTH secretion need adrenalectomy 

Rapid separation of the plasma and storage at 4 C limits this issue 0 

× Up to 50% of AML (type4, 5) ŘŜǾŜƭƻǇƛƴƎ ǎƛƎƴƛŬŎŀƴǘ hypokalemia. 
× Hypokalemia in these patients is usually associated with other 

electrolyte disorders (hyponatremia, hypocalcemia, 
hypophosphatemia, hypomagnesemia. 

× Directly via renal tubular effects 
×  Indirectly via side effects of decreased appetite/ 

intake, vomiting, and diarrhea  

Shift of K into the cells 0 



True False 
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Transcellular Shift? 
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True False 

No 

Transcellular Shift? 
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Urine K<20 
mmol/L 

Extrarenal losses: 
ČDiarrhea 
ČVomiting 
ČGastric suction 

Spurious 
Hypokalemia 

Hypokalemia 



True False 

No 

Diabetic Ketoacidosis 
Diversion of colon 

DRTA 
Diamox 
Diarrhea 

Metabolic Acidosis 

Normal/High serum 
Bicarbonate 

Others: 
ČDrugs 
   Platinum 
   Aminoglycosides 
   Corticosteroids 
   Beta Adrenergic agonists 
Loop& Thiazide Diuretics 
ČAKI 
ČPostobstruction 

Urine K>20 
mmol/L 

Transcellular Shift? 

Check spot 
urine K 

Hypokalemia 

Spurious 
Hypokalemia 



Similar to the patients without an underlying malignancy  

Treatment for hypokalemia in patients with 
malignancy  

×Replacement of potassium deficit 
×Treatment of underlying cause 
×Treatment of co-associated electrolyte imbalance 
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ÇAKI 
ÇRhabdomyolysis 
ÇTumor lysis syndrome 
Ç!ŘǊŜƴŀƭ ƛƴǎǳŦŬŎƛŜƴŎȅ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŜǘŀǎǘŀǘƛŎ ŘƛǎŜŀǎŜ 
ÇDrugs such as ketoconazole, metapyrone, calcineurin inhibitors 

(stem cell transplant patients), nonsteroidal anti-ƛƴƅŀƳƳŀǘƻǊȅ 
agents, trimethoprim, and heparin 
ÇPseudo hyperkalemia, usually in the setting of marked leukocytosis 

or thrombocytosis. A serum-to-plasma potassium gradient greater 
than 0.4 mEq/L is diagnostic of pseudohyperkalemia. 

Causes of Hyperkalemia Associated Cancer 



Tumor Lysis Sy. 



The same as for other non malignant patients 

Therapy of malignancy induced hyperkalemia 

×Emergent  treatment 
Cardiac protection 
Potassium excretion by GI or Urine 
 
×Maintenance treatment 
 Prohibition of serum potassium accumulation 
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×Decreased intake 
ČDirect effect of Tumor 
ČSecondary to the drugs 
 

×Renal magnesium wasting 
ČDirect effect of Tumor 
ČSecondary to the drugs 

Etiology of Hypomagnesemia in the cancer patient  

A fractional excretion of 
magnesium>15% in a 
hypomagnesemic patient 
indicates renal wasting of Mg 



Absorption of magnesium from the tubular lumen is via an EGFR-dependent 
apical channel, TRPM6 



ÇReplacing magnesium as intravenous rout (Diarrhea is a dose-limiting adverse 
effect of oral magnesium) 
ÇStop excretion of Mg 

Treatment of malignancy induced hypomagnesemia 
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×Enema with magnesium (for reliving of constipation) 
×Renal failure (secondary to Drugs) 
×Severe hyperparathyroidism (Parathyroid malignancy) 
×Adrenal insufficiency (in the cases of metastasis to the 

adrenals or sudden corton withdrawal) 
 

Causes of malignancy induced hypermagnesemia 



ÇCessation of drugs containing Mg 
ÇRehydration with serum in the abcense of renal failure 
ÇFurosemide 
ÇCalcium gluconate in the presence of cardiac problems 
ÇHemodialysis in the presence of renal failure 
 

Treatment of severe hypermagnesemia 
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×Proximal tubular dysfunction:  (Fanconi syndrome).  
 
×The syndrome of tumor-induced osteomalacia or oncogenic osteomalacia: 
 
Tumor produces FGF-23                                                  Renal phosphate wasting 

Hypophosphatemia Associated Cancer 

chondrosarcoma 
Osteoblastoma 

Hemangiopericytoma  

A fractional excretion of Po4 >5% in a 
hypo-phosphtemic patient indicates 

renal wasting of Po4 

Most neoplasms associated with TIO are found in the limbs or sinuses 



Mechanism of Oncogenic Osteomalacia 



PET scan is a sensitive procedure for diagnosis. 

 h1 hydroxylase antagonist 

Vit D deficiency 

Phosphate resistancy 

The mainstay of therapy for this syndrome is tumor resection 



Pseudo-hypophosphatemia should be excluded in patients containing 
paraproteins (MM).  

Samples are analyzed after removal of serum proteins by ultrafiltration 



Phosphorus Replacement Therapy 
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ÇTLS  
ÇHyper catabolic states associated AKI 
ÇPseudohyperphosphatemia: Multiple myeloma and Waldenström 

macroglobulinemia, circulating monoclonal proteins can interfere 
with the laboratory measurement of phosphate, resulting in 
spuriously elevated serum phosphate levels 
(pseudohyperphosphatemia).  

Hyperphosphatemia associated Malignancy  
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Malignancy induced Hypocalcemia 

ÇMalignancies with Osteoblastic activity (prostate, and Breast) 
ÇMetastatic malignancies to bone may find osteoblastic activity. 
ÇTumor lysis syndrome is an important cause of hypocalcemia. 
ÇHypocalcemia in the presence of malignancy should be 

suspicious for septicemia 
 



Diagnosis& treatment of 
hypocalcemia in malignancy 
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Malignancy-associated hypercalcemia 

CJASN October 2012, 7 (10) 1722-1729 



The causes of Hypercalcemia The types of Tumors 

Release of PTHrP Squamous-cell carcinomas of the lung, cervix, and 
esophagus  
Certain lymphomas 
Renal cell carcinoma 
Adenocarcinoma of the breast, prostate, and ovary  

Release of PTH Pulmonary, ovarian, thyroid, and pancreatic 

×Direct metastatic tumor cells to cause 
local osteolysis 

×By releasing factors such as 
prostaglandins or PTHrP. 

Metastatic breast cancers 
Metastatic lung cancers 
Extensive multiple myeloma 

Activation of vitamin D by the tumor itself Hodgkin lymphoma and non-Hodgkin lymphoma. 
Multiple myeloma 

Malignancy induced Hypercalcemia 
20%-30% of cancer patients experience hypercalcemia during the 
course of their malignancy and this is predictive of poor prognosis 



×Serum Phosphorus 
×1,25(OH)2D 
×PTHrP 
×Alkaline phosphatase 
×Whole body scan 
×Serum and urine protein electrophoresis looking for light-

chain disease (An abnormal total serum calcium 
concentration in the presence of a normal ionized calcium 
concentration (pseudohypercalcemia) can occur in patients 
with multiple myeloma 

Further Tests for Malignancy Induced Hypercalcemia 



Therapy of Malignancy induced Hypercalcemia 

Depends on the mechanism by which hypercalcemia develops 

Short term ČAggressive intravenous hydration with 0.9% saline, usually at 

200 to 500 mL/hour, is the initial regimen suggested to establish a kidney urine output of 
more than 75 mL/hourČ addition of furosemide If ƘȅŘǊŀǘƛƻƴ ǊŜǎǳƭǘǎ ƛƴ ŜȄŎŜǎǎƛǾŜ ƅǳƛŘ 
retention and potentially cardiac compromiseČ Furosemide dosage is increased only 
after vigorous hydration has been achieved 

To increase Calcium excretion To decrease Calcium resorption 

 
Long-termČ (1) Anti-resorptive drugs: RANKL inhibitor: Denosumab 

ČBisphosphonates include: Pamidronate, Zolendronic acid, and Ibandronate 
 (2) Anti 1 alpha Hydroxylase: Hydrocortisone 200-300 mg/d for 5 days Č reduce to oral 
prednisolone 10-30mg/D 
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Caused by Anti-cancer treatment  



Anticancer drugs, type of nephrotoxicity, 
mechanism and prevention of renal 
adverse events 




