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The management of tumor lysis syndrome
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INTRODUCTION 
Tumor lysis syndrome (TLS) is characterized by 
rapid and massive destruction of tumor cells, 
which leads to a subsequent release of cellular 
breakdown products sufficient to overwhelm 
the excretory mechanism and the body’s normal 
functional capacity. This condition can result in 
severe impairment of various organs, including 
the heart, kidney, muscle and nervous system.1 The 
cardinal signs of TLS are hyper uricemia, leading 
to uric acid nephropathy, hyper phosphatemia and 
secondary hypocalcemia and hyperkalemia. TLS 
often manifests itself as a direct result of chemo-
therapy, radiotherapy or immunotherapy.2,3 
Some correlations between more-aggressive cyto-
toxic treatment and TLS have been reported, but 
these correlations probably reflect the biology of 
the disease rather than the treatment. Moreover, the 
syndrome can occur spontaneously in the absence 
of treatment, which contributes to a worse clinical 
outcome because there is no prophylaxis when 
TLS occurrence is spontaneous.4–7

Since 1870, various metabolic disturbances 
have been recognized in association with 
cancer therapy.8 In 1929 it was reported that, in 
patients with chronic leukemia, irradiation of 
bulky disease resulted in a marked increase in 
uric acid and an associated decrease in tumor 
mass.9 In 1977, a patient affected by advanced 
gastro intestinal carcinoma was the first reported 
case of the spontaneous form of the syndrome 
associated with acute renal failure (ARF) due 
to uric acid nephropathy.10 TLS is most often 
associated with the treatment of Burkitt’s 
lymphoma, acute lympho blastic leukemia and 
other high-grade lymphomas, but can also be 
associated with chronic leukemias and low-grade 
lymphomas.11–17 TLS has also been reported in 
patients with metastatic breast carcinoma,18–20 
small-cell lung carcinoma,21–23 non-small-cell 
lung carcinoma,6,24 seminoma,25 thymoma,26 
medulloblastoma,27 ovarian carcinoma,28 rhabdo-
myosarcoma,29 melanoma,1 vulvar carcinoma30 
and Merkel-cell carcinoma (Box 1).31 TLS onset is 
more frequent in hemato logic malignancies than 

The manifestation of tumor lysis syndrome (TLS) occurs when 
the destruction of tumor cells releases breakdown products that 
overwhelm the excretory mechanisms of the body. A cardinal sign 
is hyperuricemia, leading to uric acid nephropathy. Other signs are 
hyperkalemia, hyperphosphatemia and secondary hypocalcemia. 
Conventional management of TLS consists of aggressive intravenous 
hydration, diuretic therapy, urinary alkalization, and inhibition of 
urate production by high-dose allopurinol. Urate oxidase has been 
used in the management of patients at risk for TLS and recently the 
recombinant urate oxidase rasburicase was developed. Several data 
indicate that rasburicase is effective and well tolerated in the prevention 
and treatment of chemotherapy-induced hyperuricemia. Treatment 
options of hyperkalemia include sodium polystyrene sulfonate, hypertonic 
glucose and insulin, loop diuretics, and bicarbonate. Treatment of 
hyperphosphatemia reduces dietary phosphate intake and includes 
phosphate binders such as aluminum hydroxide and aluminum carbonate. 
When recurrent hypocalcemia is present, a continuous intravenous 
infusion of calcium gluconate can be initiated. Hemodialysis should be 
considered for every patient with excessively elevated uric acid, phosphate 
and/or potassium and in those patients with acute renal failure to control 
urinary volume and manage uremia.
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REVIEW CRITERIA
The information for this review was obtained by searching the PubMed 
and MEDLINE databases for articles published up until 30 December 2005. 
Electronic early-release publications were also included. Only articles published 
in English were considered. The search terms used included “hyperuricaemia” 
in association with other search terms: “tumor lysis syndrome”,  “hyperkalemia”, 
“hyperphosphatemia”,  “hypocalcemia”, “acute renal failure”, “allopurinol”, “urate 
oxidase”, and “rasburicase”. When possible, primary sources have been quoted. 
Full articles were obtained and references were checked for additional material 
when appropriate. 
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in solid tumors because surgical inter vention 
can reduce tumor load in the latter. TLS is more 
severe when there is a high tumor growth fraction 
and rapid tumor growth rates, and the syndrome 
is sensitive to chemotherapy.

PATHOPHYSIOLOGY
Cell destruction that occurs with aggressive 
treatment of malignant diseases causes a rise in 
excreted waste products and is accompanied by 
metabolic disturbance. Increased purine meta-
bolism as a result of high tumor cell turnover 
leads to hyper uricemia. Cytolytic chemotherapy 

causes tumor cell breakdown and a rapid increase 
in plasma uric acid, potassium and phosphorus. 
These events together with hypocalcemia, which 
occurs as a consequence of increased phosphorus, 
are the major components of TLS.32 Development 
of acidosis can also be associated with TLS. 
Potassium, uric acid and phosphate are primarily 
excreted during renal clearance, and develop-
ment of renal failure can further aggravate this 
electrolyte imbalance.33

Normally, the urate is filtered by the glomerulus, 
partial proximal tubular reabsorption and distal 
renal tubular secretion of the kidney.34 The urate 
sometimes crystallizes in the distal tubule, where 
it can reach high concentrations as a result of 
active secretion and ongoing tubular acidification. 
The rate of urate clearance is highly dependent on 
the glomerular filtrate flow rate and may 
fall significantly if dehydration is present. 
Dehydration can occur as a consequence of tumor 
development or treatment, resulting in ureteral 
obstruction and other complications that further 
compound dehydration. Urate nephropathy 
develops as a result of the acid conditions and 
urate crystal formation in the renal tubules 
and collecting ducts. This condition can cause 
complications leading to renal insufficiency and 
therapy-related death; acute urate nephropathy 
associated with TLS results from pathological 
urate crystal deposition in the distal renal tubules. 
In certain patients, renal tumors may coexist with 
kidney pathology induced by TLS, which can 
manifest before the initiation of chemotherapy 
or up to 5 days after the chemotherapy, especially 
with tumors that are highly proliferative and 
sensitive to chemotherapy.12

CLINICAL FEATURES
TLS should be suspected in patients with tumor 
burden who develop ARF and have hyper-
uricemia, hyperphosphatemia and elevated 
lactate dehydrogenase. The severity of the meta-
bolic alterations (caused when uric acid levels 
are >594.8 μmol/l [>10 mg/dl], serum potassium 
levels are >6 mmol/l, and serum phosphorus levels 
are >1.62 mmol/l [>5 mg/dl]) is influenced by the 
dose of chemotherapy, the size of tumor mass, 
the number of lysed cells and the patient’s state 
of hydration and renal function. Specific clinical 
features of TLS are shown in Boxes 2 and 3. 

Hyperkalemia
A rise in serum potassium levels occurs 6–72 hours 
after the initiation of chemotherapy.35 Symptoms 

Box 1 Symptoms and types of cancer 
associated with tumor lysis syndrome.

Merkel-cell carcinoma
A rare but highly malignant type of skin cancer 
usually found on sun-exposed body areas (e.g. 
head, neck, arms or legs) characterized by a firm, 
painless, shiny lump that can be red, pink, or blue in 
color and varies in size from 0.5 to 5 cm in diameter.

Torsades des pointes 
A polymorphic ventricular tachycardia 
characterized by phasic changes in the amplitude 
and polarity of the ventricular complexes; often 
associated with a prolonged QT interval.

Anion gap
A measurement of the interval between the sum 
of ‘routinely measured’ cations and the sum of the 
‘routinely measured’ anions in the blood; a high 
anion gap indicates metabolic acidosis.

Thymoma
A rare tumor of the thymus gland, which is located 
in the anterior mediastinum. The most common 
disease in people with thymoma is one in which the 
muscles are weak, called myasthenia gravis. 

Medulloblastoma
Medulloblastoma is a highly malignant tumor 
representing the most common malignant posterior 
fossa tumor in the pediatric population. This tumor 
is characterized by the tendency to seed along the 
neuraxis, following cerebrospinal fluid pathways, 
and represents one of the few brain tumors to 
metastasize to extraneural tissues. Originally 
classified as a glioma, medulloblastoma is now 
referred to as a primitive neuroectodermal tumor.

Rhabdomyosarcoma
Rhabdomyosarcoma is a malignant soft tissue 
tumor found in children and it is believed to arise 
from a primitive muscle cell. The most common 
sites are the structures of the head and neck, the 
urogenital tract and the arms or legs.
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associated with hyperkalemia include lethargy, 
muscle weakness and paresthesia or paralysis, and 
electrocardiographic manifestations. The most 
common electrocardiogram abnormalities are 
peaked T waves in the precordial leads, prolonga-
tion of the PR interval, flattening or absence of the 
P wave, widening of the QRS complex, and a ‘sine 
wave’ appearance, which is associated with severe 
hyperkalemia.36 Increased serum potassium 
levels can cause ventricular arrhythmias and lead 
to sudden death; low serum calcium and acidosis 
can exacerbate this predisposition (Table 1). 
Nonspecific symptoms, such as nausea and 
vomiting, can result from hyperphosphatemia, 
hypocalcemia, hyperuricemia and especially 
renal failure. These symptoms are often poorly 
managed with antiemetic treatments, which 
should be used with caution in the presence of 
renal or hepatic failure.

Hyperphosphatemia and hypocalcemia
Hyperphosphatemia develops 24–48 hours 
following initiation of chemotherapy, and can cause 
many kinds of symptoms, including decreased 
mental status, weakness, cramps, hyperreflexia, 
tetany and renal failure. Hyperphosphatemia can 
also cause dys rhythmias, including polymorphic 
ventricular tachycardia and torsades de pointes 

(Box 1) due to a prolonged QT interval on the 
electrocardiogram.37 Physiologically, calcium 
influences neuromuscular excitability; therefore, 
hypocalcemia can cause muscle cramps, cardiac 
abnormalities, and pronounced blood coagu-
lation deficiency (Table 1).38 Hypocalcemia is 
not usually symptomatic, but symptoms such as 
neuromuscular irritability and tetany, anorexia, 
vomiting, carpopedal cramps, seizures and 
spasms can develop. Hypocalcemia also causes 
dys rhythmias and cardiac arrest in extreme 
cases.2,37 Hyperphosphatemia can also lead to 
calcium phosphate deposition in renal tubules.

Hyperuricemia
Hyperuricemia can develop within 48–72 hours 
of chemotherapy. Uric acid is an end product of 
purine metabolism and is excreted by the kidneys. 
Hyperuricemia can cause a myriad of abnormal 
physical symptoms, including nausea, vomiting, 
lethargy, oliguria, anuria, anorexia, and hematuria. 
Blood urea nitrogen and creatinine levels can rise, 
causing edema, acute acid nephro pathy and renal 
failure (Table 1).39 Uric acid exists in a soluble 
ionized form at pH 7.0, but its solubility decreases 
markedly as the urinary pH decreases in the renal 
collecting ducts and deep cortical and medullary 
vessels, where the luminal pH approaches pH 
5.0.40 At this low pH, uric acid is 13 times less 
soluble than it is at a pH of 7.0, and deposition 
of uric acid may lead to obstructive uropathy 
(Table 2).41–43 At uric acid levels of 594.8–
892.2 μmol/l (10–15 mg/dl), lethargy, nausea, 
and vomiting can occur, and signs of renal failure, 
such as hypertension and altered sensorium, may 
develop at uric acid levels above 1,189.6 μmol/l 
(20 mg/dl). Occasionally, TLS is accompanied by a 
coagulo pathy. The fractional excretion of uric acid 
can be calculated as the ratio between uric acid 
and creatinine clearances. The fractional excre-
tion is influenced by the extra cellular volume, 
in that expansion increases whereas contraction 
decreases the urate excretion. This process is 
independent of urine flow rate.44

Acute renal failure
The causes of ARF are multifactorial, and compli-
cations can result in multiple organ failure and 
death.45 Phosphate and uric acid precipitation is 
the principal cause of renal insufficiency associ-
ated with TLS, and can subsequently lead to renal 
calculi and ARF and metabolic acidosis (Figure 1). 
ARF is defined as a sudden loss of renal function 
(over several hours to several days), and perturbs 

Box 2 Risk factors associated with high risk 
of tumor lysis syndrome.

Elevated LDH 

Leukocytosis (>50,000 m3)

Elevated uric acid and calcemia on admission

Elevated creatinine levels (>141.4 μmol/l [>1.6 mg/dl])

Decreased glomerular filtrate rate

Box 3 Predisposing factors for tumor lysis 
syndrome.

Tumor characteristics
High tumor growth fraction
Advanced stage of malignancy
Rapid tumor growth rate 
Abdominal organ involvement
High sensitivity to chemotherapy

Patient characteristics
Compromised baseline renal function
Evidence of urinary tract obstruction via imaging
Polypharmacology 
Drug–drug interactions
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extracellular fluid balance, acid–base balance, 
electrolytes levels, and divalent cation regulation. 
An increased serum creatinine concentration, 
accumulation of other nitrogenous waste prod-
ucts, and often a decline in urinary output, are 
the hallmarks of this condition.46 Other end-
organ dysfunction can also ensue, such as acute 
respiratory distress syndrome.

Determination of serum electrolytes offers 
valuable information, such as potassium levels, 
clues about volume status (e.g. high bicarbonate, 
elevated blood urea nitrogen:creatinine ratio, 
hypernatremia), acidosis, and anion gap (Box 1). 
Arguably, the most important laboratory test 
for a patient with ARF is urinanalysis. Both the 
urinary sediment and urinary indices in combi-
nation with serum values can often be extremely 
helpful in determining the cause of ARF. These 
indices are designed to determine whether 
tubular function is intact. A low sodium frac-
tional excretion (<1%) suggests that oliguria (and 
perhaps azotemia) is likely because of decreased 
renal perfusion, causing a decreased excretion of 
filtered sodium in the nephron, in an attempt to 
improve plasma volume and perfusion. 

CLASSIFICATION OF TUMOR LYSIS 
SYNDROME
Hande and Garrow attempted to qualify the clin-
ical and pathological characteristics of patients 
at risk of TLS.12 They classified TLS as either 
laboratory TLS or clinical TLS. This classifica-
tion has several limitations. The laboratory TLS 
requires a 25% increase in the baseline labora-
tory values and development of TLS beyond 
4 days of therapy, which include a 25% increase 
in the serum phosphate, potassium, uric acid, or 
urea nitrogen concentrations, or a 25% decline 
in the serum calcium concentration. Clinical TLS 
requires one or more clinical manifestations (i.e. 
renal, neurological, or cardiac). Recently, Cairo 
and Bishop developed a new version of this clas-
sification, which incorporates laboratory and 
clinical TLS.47 In this new classification, clinical 
TLS requires one or more clinical manifestations 
along with criteria for laboratory TLS. The clin-
ical TLS manifestation (i.e. renal, neurological, 
or cardiac) defines four grades of TLS. 

TREATMENT
TLS requires prompt diagnosis and staging 
before cancer treatment can be initiated. TLS 
can either be present prior to chemotherapy or 
develop during treatment. To prevent TLS, it is 

important to identify high-risk patients, such 
as those with a large tumor load in both rapidly 
growing lymphoproliferative malignancies and 
solid tumors with extensive metastases, and those 
with a rapid rise in serum lactate dehydro genase 
levels (Box 2). Tumor and drug characteristics, 
including the drug dose and density, should be 
taken into account (Box 3). Patients with TLS or 
who are at high risk of developing TLS should be 
evaluated with frequent clinical laboratory testing. 
In addition, it is necessary to monitor carefully 
the patient’s fluid intake and output, weight and 
blood pressure at frequent intervals. Before cyto-
toxic chemotherapy begins, metabolic stability 
should be achieved, using methods such as those 
described below and summarized in Table 3. 

Prophylaxis against tumor lysis syndrome
Conventional management to prevent ARF caused 
by TLS consists of aggressive intravenous hydration 
(which should commence 3 days before chemo-
therapy), diuretic therapy, urinary alkalization, 
inhibition of urate production by high-dose allop-
urinol (400–600 mg/day) initiated 2 days before 
chemotherapy, uric acid oxidase administration 
and the gradual introduction of chemotherapy.45 

Table 1 Clinical consequence of metabolic disturbances.

Clinical features Clinical consequences

Hyperkalemia Cardiac: arrhythmias, ventricular tachycardia, 
fibrillation, asystole, cardiac arrest
Neuromuscular: weakness, paresthesias, muscle 
cramps, ascending flaccid paralysis
Others: nausea, vomiting, diarrhea, anorexia

Hyperphosphatemia Renal precipitation: urine decreases or stop, rise 
in blood urea nitrogen and creatinine levels
Soft tissue precipitation 

Hypocalcemia Cardiovascular: hypotension, ventricular arrhythmias, 
heart block, electrocardiographic changes
Neurological: tetany, muscle twitches, cramping, 
carpopedal spasms, paresthesias, laryngospasm
Mental status: confusion, delirium, hallucinations, 
impaired memory, seizures

Hyperuricemia Renal: nausea, vomiting, oliguria, anuria, anorexia, 
hematuria, possible rise in blood urea nitrogen and 
creatinine levels, edema

Table 2 Solubility of purine analogs and calcium phosphate at pH 5.0 and 7.0.

Metabolite pH 5.0 pH 7.0

Uric acid (mg/l) 150 2,000

Xanthine (mg/l) 50 130

Hypoxanthine (mg/l) 1,400 1,500 

Calcium phosphate (mg/l) 104.47 16.55
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In patients who are at high risk of developing TLS, 
preventive measures such as vigorous hydration 
and uricolytic agent must be instituted, in order to 
obtain an increased diuresis. Diuretic therapy and 
urinary alkalization and hydration should also be 
given immediately after chemotherapy.

Intravenous hydration 
Excluding patients who are at risk of volume over-
load, such as elderly patients or those with heart 
failure, aggressive fluid administration has been 
recommended in patients at risk of TLS.2,48,49 
Intravenous hydration should begin 2 days before 
chemotherapy and continue until 2–3 days after 
completion of treatment. Aggressive intravenous 
hydration increases intravascular volume and 
helps correct electrolyte disturbances by diluting 
extracellular fluid, thereby reducing serum potas-
sium, uric acid and phosphate concentration. 
Increased intravascular volume via hydration 
also enhances renal blood flow, glomerular filtra-
tion rate and urinary volume, thereby decreasing 
the solute concentration in the distal nephron 
and medullary microcirculation, and possibly 
avoiding the need for dialysis (Figure 2).46,47,50 
Patients should receive 2–3 times the maintenance 
fluid volume administered as 5% dextrose in a 
0.2% sodium chloride solution.51 

Diuretic therapy
Diuresis may be assisted with mannitol, furo-
semide or acetazolamide if adequate fluids are 
administered. Mannitol induces osmotic diuresis 
and is used when hydration alone is insuffi-
cient to maintain adequate diuresis. Diuretics 
can facilitate the renal excretion of potassium, 
but furosemide is not very effective if the renal 
tubules are affected by urate precipitation. In 
these instances, mannitol can be used. To induce 
alkaline diuresis, furosemide or acetazolamide 
can be used. To avoid a further increase of this 
electrolyte, it is important that potassium is not 
added to intravenous fluids. Diuretic therapy is 
not recommended unless volume overload from 
overhydration is present, which would necessitate 
temporary termination of intravenous fluids, and 
would also help avoid hyperkalemia. 

Urinary alkalization
To reduce the risk of uric acid crystallization, 
it is important to increase the urinary pH to 
prevent uric acid nephropathy. The pH alkaliza-
tion can be obtained by adding sodium bicarbo-
nate to a hydrating physiologic solution, via oral 
administration of bicarbonate tablets, or by giving 
oral acetazolamide, but these approaches are only 
successful in patients without risk of systemic 
acidosis.52 Isotonic 0.45% sodium bicarbo-
nate in normal saline with 5% dextrose should 
be infused at a rate of 150–300 ml/h to achieve 
effective diuresis and urinary alkalization at a 

HyperkalemiaCell death

Steroids
Cytotoxic

immunotherapy Radiotherapy

Purine release Hyperphosphatemia

Hypocalcemia

Hypoxanthine

Xanthine

Uric acid Precipitate in
renal tubules

Renal failure

Calcium phosphate
precipitation in soft tissue

Figure 1 Metabolic imbalances due to TLS. Hyperuricemia, hyperkalemia, and 
hyperphosphatemia result from rapid destruction of malignant cells and release 
of intracellular ions, nucleic acids, proteins and their metabolites leading to ARF.

Table 3 Tumor lysis syndrome management. 

Treatment Indication

Aggressive 
hydration

Prior to cytotoxic therapy (24 h before starting 
chemotherapy)
Through the duration of treatment

Therapy of 
hyperkalemia

Cation exchange resins binding potassium (such as sodium 
polystyrene sulfonate infused [10–30 ml] over 1–5 min)
Calcium gluconate
Sodium bicarbonate to correct acidosis
Hypertonic dextrose and insulin
Diuretics
Inhaled β-agonist
Dialysis 

Therapy of 
hyperphosphatemia 
and hypocalcemia

Oral phosphate binders such as aluminum hydroxide 
or aluminum carbonate 30 ml four times daily
Hypertonic dextrose and insulin
Calcium gluconate (reserved for treating neuromuscolar 
irritability)
Dialysis 

Therapy of 
hyperuricemia

Sodium bicarbonate to alkalize urine (75–100 mEq/l); 
maintain urine pH >7.0
Allopurinol (600–800 g/m2/day orally for adults; 
300 mg/m2/day orally for children)
Urate oxidase
Dialysis 
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pH of 7.0–7.3,53 permitting efficient excretion of 
uric acid in soluble form because of uric acid’s 
increased solubility at this pH.

The ways to achieve urinary alkalization are 
controversial. Conger and Falk reported that 
alkalization does not improve the abnormali-
ties induced by hyperuricemia.54 The urinary 
alkalization might increase precipitation of 
calcium phosphate in the renal micro vasculature 
and tubules, especially in patients with hyper-
phosphatemia (Table 3).55 This increase leads to 
obstructive nephropathy and a further decrease 
in glomerular filtration rate, exacerbating the 
risk of ARF.56 Systemic alkalization with sodium 
bicarb onate strengthens calcium–phosphate 
bonding and also reduces the concentration of 
ionized calcium, inducing a hypocalcemic state. 
Moreover, urinary alkalization may decrease 
the solubility of xanthine and increase the risk 
of xanthine nephro pathy. If alkalosis occurs, 
bicarbonate should be stopped and the patient 
managed according to the degree of alkalosis 
present. A 0.9% sodium chlor ide solution can be 
injected intravenously, and potassium chlor ide 
can be administered if there is hypo kalemia. 
Severe alkalosis can be accompanied by hyper-
irritability or tetany, and these symptoms can be 
controlled by calcium gluconate. An acidifying 
agent such as ammonium chloride might also be 
indicated in severe alkalosis.

Hyperuricemia treatment with allopurinol 
and urate oxidase
Allopurinol is a synthetic structural analog of 
hypoxanthine and competitively inhibits xanthine 

oxidase, thereby blocking the conversion of hypox-
anthine and xanthine into uric acid. Since 1966, 
allopurinol combined with alkaline hydration has 
represented the standard treatment for malignancy- 
associated hyperuricemia,57 and allopurinol is 
also used in the management of patients at risk 
for TLS. Allopurinol administration reduces renal 
uric acid load, preventing its further production, 
but it does not affect existing uric acid.58 

Allopurinol has a half-life of 60–180 minutes; 
the active metabolite of this agent, oxypurinol, 
is also an effective inhibitor of xanthine oxidase 
and remains active for 18–30 hours. Since 
oxy purinol is cleared in the kidney, its half-life can 
be prolonged in patients with renal insufficiency. 
Allopurinol can be administered intravenously at 
a recommended dose of 200–400 mg/m2/day. Skin 
rashes and hypersensitivity are the most frequent 
side effects of allopurinol, which is a less potent 
inhibitor of xanthine than oxypurinol, and in 
rare instances these symptoms can be life threat-
ening.59 If allergic side effects occur, allopurinol 
treatment should be discontinued immediately. 
Because high uric acid can exist before allo purinol 
treatment is initiated, a period of 2–3 days is 
generally necessary for uric acid levels to decrease 
after initiation of allo purinol treatment. 

Although allopurinol is effective in the reduc-
tion of hyperuricemia, it has some dis advantages, 
including the need to delay chemotherapy, 
unfavorable drug interactions, the need for 
dose reduction in patients with impaired renal 
function, allergic side effects, and induction of 
xanthine nephropathy.60,61 Allopurinol does not 
directly alter the level of circulating uric acid, and 

Figure 2 Uric acid load at various part of the kidney in the normal and diseased states. In patients with gout an increase of serum level 
and a decrease of urate transport in the nephron is observed. Uric acid of both normal patients and those with gout is filtered freely at the 
glomerulus and nearly all of this acid is reabsorbed before entering the distal convoluted tubule. The majority of uric acid in the urine is 
the result of secretion. Secretion and post-secretory reabsorption are thought to occur in the proximal tubule. Abbreviation: FEu, fractional 
excretion of urate (renal clearance of urate/glomerular filtration rate).

Reabsorption
(distal convoluted tubule)

Reabsorption 
(loop of Henle)

Secretion
(proximal tubule)

Glomerular filtration of
urate (glomerulus)

FEu 100% urate

Presecretory reabsorption
(proximal tubule)

Postsecretory reabsorption
(proximal tubule)

Urinary excretion
FEu 10% urate
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nephropathy can develop because of renal over-
load of the uric acid precursor. If cellular lysis 
persists, xanthine and hypoxanthine cannot be 
converted into uric acid, and high quantities of 
these agents enter the renal tubules, where they 
can crystallize and produce xanthine nephro-
pathy.60 Xanthine has a lower solubility than uric 
acid, and there have been case reports of xanthine 
stone formation.62,63 It is necessary to main-
tain neutral or slightly alkaline urinary pH and 
urinary excretion of 2 liters/day at least in adult 
patients, to avoid xanthine crystalluria. 

Urate oxidase (also known as uricase), a proteo-
lytic enzyme not present in humans and other 
primates, oxidizes uric acid in water-soluble 
allantoin. Since allantoin is readily water soluble, 
its elimination by urinary excretion is less prob-
lematic than seen with xanthine or uric acid. In 
fact, the kidneys readily excrete allantoin, and 
its reactive by-product, hydrogen peroxide, is 
neutralized by catalase to oxygen and water. 
Hydrogen peroxide, produced as a result of 
uric acid breakdown, caused kidney complica-
tions such as ARF in patients with leukemia 
and lymphoma.64 Non-recombinant urate 
oxidase derived from cultures of Aspergillus 
flavus has been used in Europe since 1974 as a 
short-term adjunct to cytolytic therapy for child-
hood leukemia and other myelo proliferative and 
lympho proliferative dis orders.2,61,65 The use of 
non-recombinant urate oxidase is limited by 
potential immunogenicity and declining efficacy 
caused by production of antiuricase antibodies, 
and side effects such as allergic rash, ana phylaxis, 
and bronchospasm.66 Recently, the recom-
binant urate oxidase ras buricase (Fasturtec®; 
Sanofi–Aventis, Paris, France) was developed 
to overcome these problems associated with the 
non- recombinant product. 

The primary advantage of recombinant urate 
oxidase is its rapid onset of action. Urate oxidase 
has been used in the management of patients at 
risk for TLS;66–72 the drug is used widely to treat 
TLS in Europe, and was approved for this purpose 
by the US FDA in 2002. Urate oxidase can rapidly 
decrease serum levels of uric acid with associated 
diuresis. The efficacy and safety of rasburicase is 
currently being tested and compared with that 
of allopurinol in a phase III clinical trial.65 The 
interim results showed that rasburicase induced 
a decrease in uric acid concentration in all 
pediatric and adult patients who received this 
treatment, and this therapy appears to be well 
tolerated.68 Rasburicase has some advantages 

over allo purinol in that it does not require alka-
lization, meaning that phosphorus excretion is 
facilitated. Moreover, a retrospective compar-
ison of ras buricase and allopurinol showed that 
the former was significantly more effective at 
reducing uric acid levels, and also improved renal 
function as demonstrated by lower blood urea 
nitrogen and creatinine levels.61,67 

The pegylated form of urate oxidase, PEG-
uricase, reduces plasma uric acid levels without 
antigenicity. Two groups detected antibodies 
to rasburicase in 17 of 121 patients and in 7 of 
97 patients using an enzyme-linked immuno-
sorbent assay.61 The detection of antibodies to the 
pegylated urate oxidase was not associated with 
the clinical status of the patients or the occur-
rence of adverse events; this agent also has a 
longer duration of action than unmodified urate 
oxidase without an adverse reaction.73,74 Several 
data suggest that rasburicase is effective and well 
tolerated in the prevention and treatment of 
chemotherapy-induced hyper uricemia, whereas 
hypersensitivity reactions were observed in nearly 
5% of patients treated with non- recombinant urate 
oxidase.65 The first studies to demonstrate that the 
efficacy of recombinant urate oxidase is superior to 
that of allopurinol was in childhood leukemia.65,75 
Guidelines for the use of rasburicase are still being 
developed, but owing to the agent’s high cost there 
is controversy surrounding its usage. A significant 
advantage of rasburicase is that chemotherapy can 
be promptly initiated with a significant reduction 
in the risk of renal dys function requiring dialy sis. 
It would seem reasonable to use this drug to treat 
patients who are at high risk of TLS but cannot 
ingest oral allopurinol or are allergic to this drug, 
which accounts for approximately 2% of patients 
treated with allopurinol, particularly elderly 
patients with renal insufficiency.76,77 Rasburicase 
is also indicated in patients who present with hyper-
uricemia, high tumor burden, or renal problems. 
Although rasburicase prevents renal uric acid accu-
mulation, it causes phosphate reabsorption, and 
calcium phosphate deposition remains a concern. 
Rasburicase may also be used to spare the costs and 
complications of cyto reductive procedures.74

Hyperkalemia treatment
Treatment options of hyperkalemia are 
directed primarily at counteracting the effect 
on myo cardium, stabilizing cardiac membrane 
(calcium gluconate) and preventing life-
 threatening cardiac arrhythmias; another inter-
vention (glucose with insulin, sodium bicarb onate, 
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inhaled β-agonist, potassium-binding resins, 
and dialysis) is aimed at reducing the potassium 
level. Moderate hyperkalemia can be treated 
with Kayexalate® (sodium polystyrene sulfonate; 
Sanofi Pharmaceuticals, Inc., New York, NY), but 
the effects of this agent are not immediate, partly 
because it functions as an ion-exchange resin 
in the gastrointestinal tract.49 Recent data have 
demonstrated colonic necrosis associated with the 
use of sodium polystyrene sulfonate in critically 
ill and unstable patients;78 therefore, use of this 
agent is not indicated for the treatment of acute 
toxicities, such as life- threatening arrhythmias. For 
severe cardiac toxicities, calcium gluconate may 
be used; membrane stabilization is achieved with 
10% calcium gluconate to prevent life- threatening 
cardiac arrhythmias.79,80 While cardiac protection 
may be immediate, the effects are transient and 
should be used only in patients with significant 
electrocardiographic changes. Other treatment 
modalities for severe hyperkalemia with or without 
electrocardiographic changes include hypertonic 
glucose and insulin, loop diuretics, and bicarb-
onate. There is evidence that bicarbonate will not 
result in lowering of serum potassium unless there 
is a severe metabolic acidosis.45 

Hyperphosphatemia and hypocalcemia treatment
Treatment of hyperphosphatemia should take 
into consideration the underlying biological 
alterations (e.g. phosphorus levels >1.62 mmol/l 
[>5 mg/dl] that suggest the need for medical 
intervention. A mild asymptomatic hyper-
phosphatemia in patients with chronic renal 
failure can be corrected with a reduced dietary 
phosphate intake; phosphate binders such as 
aluminum hydroxide or aluminum carbonate 
(30 ml taken four times daily) will decrease the 
absorption of phosphate in the gout.49 The long-
term use of aluminum compounds is not recom-
mended, especially in patients with advanced 
chronic kidney disease, because aluminum is 
toxic. A severe hyper phosphatemia in patients 
with end-stage renal failure can be corrected 
by hemodialysis or peritoneal dialysis. Usually, 
treatment of hyperphosphatemia will also 
correct any related hypocalcemia.80 Calcium 
itself should not be administered as it might 
precipitate metastatic calcifications.81 Treatment 
of hypocalcemia consists of parenteral calcium 
(e.g. calcium gluconate) administered intra-
venously over 10 minutes. If calcium gluconate 
is injected, however, severe arrhythmias can 
occur. When recurrent hypo calcemia is present, 

a continuous intravenous infusion of calcium 
gluconate can be initiated. 

Acute renal failure treatment
Although the biochemical and clinical abnor-
malities associated with TLS are usually revers-
ible when recognized and treated appropriately, 
studies showed that 40% of patients died during 
the acute episode of TLS.12,21,82 Intravascular 
volume expansion (i.e. 3 liters/m2/day) with 
hydration and forced diuresis has played a crit-
ical prophylactic role in the prevention of ARF. 
Despite these pro phylactic efforts, hemodialysis 
should be considered for every patient with 
excessively elevated uric acid, phosphate and/or 
potassium, and in patients with ARF to control 
volume and manage uremia. Data comparing 
the various dialytic modalities (hemodialysis, 
peritoneal dialysis and continuous dialysis 
hemofiltration) are lacking. Furthermore, 
initiation of hemodialysis before severe patho-
physiologic deterioration occurs has been 
suggested to benefit patients with multiorgan 
failure and ARF.83 In general, hemo dialysis is 
the preferred treatment, as it can rapidly correct 
any life-threatening electrolyte changes. Dialysis 
should be performed every 12 hours until 
renal/hepatic function and urinary volume are 
restored. Dialysis every 12–24 hours may also 
be necessary in patients presenting with a large 
phosphate burden. Peritoneal dialysis is much 
less efficient than hemodialysis in correcting 
metabolic abnormalities, and hemodialysis 
affords much higher clearance of both uric acid 
and phosphorus.7,84,85

CONCLUSION
TLS is an oncologic emergency, and as more-
aggressive and more-highly-targeted therapies, 
high doses of cytotoxic agents and biologic 
response modifiers have become a standard 
therapy, TLS will be more frequently encoun-
tered.85 The recognition and treatment of TLS 
arising in patients with cancer is very important, 
and clinicians should not only treat the metabolic 
abnormalities of the acute TLS and its complica-
tions, but, for preventive measures to be put in 
place, identify patients at risk as early as possible. 
The potential for TLS in patients with bulky 
treatment-sensitive tumors who present with 
renal insufficiency, dehydration, hyperuricemia 
and elevated serum lactate dehydrogenase levels 
must be recognized, to allow for appropriate 
monitoring after treatment and early initiation 
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of therapeutic measures if necessary. As advances 
are made in the treatment of patients with these 
common tumors, it will become increasingly 
important for physicians to recognize the risk 
factors and biochemical abnormalities associated 
with TLS.21

KEY POINTS
■ The rapid and massive destruction of tumor 

cells caused by cancer therapy can lead to 
release of cellular breakdown products

■ The characteristic signs of TLS are 
hyperuricemia, hyperphosphatemia, 
hyperkalemia and hypocalcemia

■ Aggressive intravenous hydration, diuretic 
therapy, pH alkalization and the correction 
of electrolytic balance are the basis of 
prophylaxis therapy

■ Rasburicase, a recombinant urate oxidase, 
prevents renal uric acid accumulation and 
plays a prophylactic role in ARF
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