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CAUSES OF AKI IN CANCER PATIENTS



Serum calcium

❖Normal range

➢Total Ca:8.8 to 10.3 mg/dL (corrected for serum albumin)

➢Ionized Ca: 4.8 to 5.3 mg/dL or 1.20 to 1.40 millimol/L



Measurement  calcium concentration 

➢Total plasma or serum calcium concentration 

(colorimetric assays )

➢ Exploited in blood gas

➢Measure the ionized calcium



Hypercalcemia

❖Hypercalcemia as a laboratory value is defined as a serum total 
calcium level greater than 10.3 mg/dl (corrected for albumin)

➢Mild: Ca concentration = 10.4 to 11.9 mg/dL

➢Moderate: Ca concentration = 12.0 to 13.9 mg/dL

➢Severe (hypercalcemic crisis): Ca concentration = 14.0 to 

➢16.0 mg/dL







Laboratory Evaluation of Hypercalcemia

❖Confirm hypercalcemia:

✓Serum total calcium (recheck if only one measurement)

✓Serum corrected calcium equation

or

➢Ionized calcium (if total estimated calcium is believed to be 
unreliable)



Albumine effect

Serum total calcium concentration needs to be corrected 
based on patient's serum albumin level using the following 
formula: 

Adjusted total calcium (mg/ dL) = total calcium( mg/ dL) + 
0.8(4 – albumin(g /dL))



Acid-base effect



Laboratory Evaluation of Hypercalcemia

❖Laboratory evaluations after hypercalcemia is established:

✓Serum phosphorus

✓Creatinine with estimated GFR

✓PTH



Parathyroid hormone assay
• first generation PTH assays. starting from residues 34, 37, 41, and 43

• Second-generation PTH assays use two monoclonal antibodies: 

• 1-against the N-terminal region 

• 2-against the C-terminal region

This combination of antibodies recognizes PTH fragments lacking the N-terminal amino acids 1-4, such as PTH      
(7-84).

• Third-generation PTH assays 

• 1-polyclonal antibody that exclusively recognizes whole PTH (1-84) 

• 2- a combination of two monoclonal antibodies that recognize PTH (39-84) and the N-terminal amino acids 1-4 
of PTH



Calcium Receptor and PTH Release

Ca++

decreased cAMP

decreased PTH release increased PTH release



Laboratory Evaluation of Hypercalcemia

❖Additional laboratory evaluations to consider if diagnosis is still uncertain:

❖PTHrP

❖25(OH)D

❖1,25(OH)2D

✓SPEP, UPEP serum-free light chains, serum and urine IFE

✓Skeletal survey

✓Vitamin A levels





Cancer-Related Hypercalcemia

➢Hypercalcemia occurs in approximately 10% to 25% of patients with 
some cancer, especially during the last 4 to 6 weeks of life.

➢ It can be classified into four categories: 

1. humoral hypercalcemia of malignancy (HHM)

2. local osteolytic hypercalcemia (LOH)

3. 1,25(OH)2D-induced hypercalcemia

4. ectopic secretion of authentic PTH







Tumor Types Producing PTHrP



❖PTHrP is a large protein encoded by a gene on chromosome 12.

❖ It is similar to PTH only at the N terminus, where the initial eight 
amino acids are identical.

❖ PTHrP is widely expressed in a variety of tissues, including 
keratinocytes, mammary gland, placenta, cartilage, nervous system, 
vascul

❖Normal circulating levels of PTHrP are negligible; it is probably 
unimportant in normal calcium homeostasis. However, mice with a 
targeted disruption in the PTHrP gene show a lethal defect in bone 
development, which demonstrates its importance in normal 
development



Major Differences in the Effects of PTH and PTHrP on Their 
Target Organs





Treatment

❖The therapy for hypercalcemia must be tailored to the degree of 
hypercalcemia, the clinical condition, and the underlying cause

1. urinary excretion

2. augmenting net movement of calcium into bone

3. inhibiting bone resorption 

4. reducing intestinal absorption of calcium

5. removing calcium from the ECF by other means



Treatment

❖ Patients with mild hypercalcemia (<12 mg/dL) 

➢do not require immediate treatment. 

✓ stop any medications implicated in causing hypercalcemia

✓avoid volume depletion and physical inactivity

✓maintain adequate hydration. 

❖Moderate hypercalcemia (12 to 14 mg/dL), especially if acute and 
symptomatic, requires more aggressive therapy.

❖ Patients with severe hypercalcemia (>14 mg/dL), even without 
symptoms, should be treated intensively



Volume Repletion and Loop Diuretics

❖Correction of the ECF volume is the first and the most important step 
in the treatment of severe hypercalcemia from any causes. 

✓It can be achieved with infusion of normal isotonic saline at 200 to 
500 mL/hr, adjusted to obtain a urine output of 150 to 200 mL/hr and 
accompanied by appropriate hemodynamic monitoring.

✓ Volume repletion can lower calcium concentration by approximately 
1 to 3 mg/dL by increasing GFR and decreasing sodium and calcium 
reabsorption in proximal and distal tubules



Volume Repletion and Loop Diuretics

❖Once volume expansion is achieved, loop diuretics can be given 
concurrently with saline to increase the calciuresis by blocking the 
Na+-K+-2Cl– cotransporter in the TAL.



Volume Repletion and Loop Diuretics

❖Most commonly furosemide is used at a dosage of 40 to 80 mg every 
6 hours, and this treatment together with saline therapy may 
decrease serum calcium concentration by 2 to 4 mg/dL. 

❖Urinary losses of fluid, potassium, and magnesium should be 
evaluated at intervals of 2 to 4 hours and quantitatively replaced to 
prevent ECF volume contraction, hypokalemia, and hypomagnesemia.



Volume Repletion and Loop Diuretics

❖Care must be taken to monitor the patient’s volume status closely 
during the administration of large amounts of saline and diuretic, 
particularly in hospitalized patients with cardiac or pulmonary or 
renal disease. 



Inhibition of Bone Resorption

❖The increase in bone resorption, as the most common pathologic 
process leading to hypercalcemia, must be addressed concurrently 
with volume expansion and hydration. 

❖Bisphosphonates are currently the agents of choice in the treatment 
of mild to severe hypercalcemia, especially that associated with 
cancer. They are pyrophosphate analogs with a high affinity for 
hydroxyapatite and inhibit osteoclast function in areas of high bone 
turnover



Bisphosphonates
❖approved two bisphosphonates for treatment of hypercalcemia:

1. zoledronate (4 mg intravenously over at least 15 minutes) 

2. pamidronate (60 to 90 mg intravenously over 2 to 24 hours).

❖ The clinical response takes 48 to 96 hours and is sustained for up to 
3 weeks. 

❖Doses can be repeated no sooner than every 7 days.

❖ Both agents are effective in lowering calcium level. 

❖Zoledronate was slightly more efficacious than pamidronate in a 
randomized clinical trial

❖Other bisphosphonates such as clodronate and ibandronate are also 
approved.





Bisphosphonates

❖Fever is observed in about one fifth of patients taking 
bisphosphonates; 

❖Rare side effects include acute renal failure, collapsing 
glomerulopathy, and osteonecrosis of the jaw.

❖ The dosage of bisphosphonates should be adjusted in patients 

with preexisting kidney disease.

❖ The renal component of hypercalcemia, which includes increased 
distal tubular calcium reabsorption driven by PTH-PTHrP, does not 
respond to bisphosphonates.



Calcitonin

❖Calcitonin is also an effective inhibitor of osteoclast bone resorption.

❖ It has a rapid onset of action (within 12 hours), its effect is transient, 
and it has minimal toxicity.

❖ Calcitonin is usually given at a dosage of 4 to 8 U/kg subcutaneously, 
every 6 to 12 hours. 

❖Its role is mainly to provide initial treatment of severe hypercalcemia 
while waiting for the more sustained effect of bisphosphonates to 
begin.



Gallium nitrate

❖Gallium nitrate inhibits bone resorption by increasing the solubility of 
hydroxyapatite crystals. 

❖The usual dosage is 200 mg/m2 intravenously over 24 hours with 
adequate hydration for 5 consecutive days, and the hypocalcemic
effect is not generally observed until the end of this period. 

❖Gallium nitrate is effective, but can be nephrotoxic



Plicamycin

❖Plicamycin (mithramycin) (25 μg/kg intravenously every 5 to 7 days) 
may be used in patients with severe renal failure.

❖ Other therapies for hypercalcemia, such as chelation with 
ethylenediaminetetraacetic acid (EDTA) and intravenous phosphate, 
have adverse side effect profiles and are no longer recommended. 



Glucocorticoids

❖Glucocorticoids are useful therapy for hypercalcemia from a specific 
subset of causes. 

❖They are most effective in hematologic malignancies (multiple 
myeloma, Hodgkin’s disease) and disorders of vitamin D metabolism 
(granulomatous disease, vitamin D toxicity)



Hemodialysis

• In severely hypercalcemic patients who are comatose, have ECG 
changes, have severe renal failure, or cannot receive aggressive 
hydration, hemodialysis with a low- or no-calcium dialysate is an 
effective treatment.

• Continuous renal replacement therapy can also be used to treat 
severe hypercalcemia.

• The effect of dialysis is transitory, and it must be followed by other 
measures.



Denosumab

❖Denosumab is a fully human monoclonal antibody that binds to 
RANKL and inhibits osteoclast maturation, activation, and function . 

❖It is FDA approved for preventing skeletal-related events in patients 
with solid malignancy, as well preventing bone fractures in 
postmenopausal women with osteoporosis. 

❖. Denosumab is well tolerated, with arthralgias as the most common 
side effect 

❖Because RANKL is expressed on B and T cells, there was some 
concern that denosumab would increase the risk for serious 
infections.

❖Denosumab is not cleared through renal mechanisms and does not 
require dosing adjustments for renal impairment .



Denosumab

➢These patients had solid malignancies or myeloma and elevated 
corrected serum calcium levels (12.5 mg/dl) despite recent IV 
bisphosphonate therapy.

➢ Patients received denosumab, 120 mg subcutaneously, every 4 
weeks, with additional loading doses of 120 mg on days 8 and 15 of 
the first month

➢The primary end point was reaching a response defined as a 
corrected serum calcium level ≤11.5 mg/dl within the first 10 days 
after denosumab dosing



cinacalcet

• cinacalcet, an allosteric activator of CaSR, is approved for use in 
patients with inoperable parathyroid cancer to control hypercalcemia.

• In case of persistent hypercalcemia of malignancy, the administration 
of calcimimetic cinacalcet could be an additional effective therapeutic 
option. 

cinacalcet





Treatment approach for hypercalcemia of malignancy





Key Teaching Points

➢The most common cause of severe hypercalcemia in hospitalized patients 
is malignancy

➢Malignancy-associated hypercalcemia portends a worse prognosis 
because the underlying cancer usually is advanced

➢ Diagnosis relies on a structured approach using measurement of 
parathyroid hormone (PTH), PTH-related peptide, 1,25-dihydroxyvitamin D, 
and urine calcium /creatinine ratios

➢Emergent treatment includes aggressive volume expansion along with 
intravenous bisphosphonates

➢ Newer therapies that target bone resorption pathways , such as 
denosumab, hold promise




