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Pathophysiology, Clinical Consequences, and
Treatment of Tumor Lysis Syndrome
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Tumor lysis syndrome is an oncologic emergency that is char-
acterized by severe electrolyte abnormalities and, frequently, by
acute renal failure. The syndrome typically occurs in patients
with lymphoproliferative malignancies, most often after initia-
tion of treatment. The pathophysiology involves massive tumor
cell lysis resulting in the release of large amounts of potassium,
phosphate, and uric acid. Deposition of uric acid and calcium
phosphate crystals in the renal tubules may lead to acute renal
failure, which is often exacerbated by concomitant intravascular
volume depletion. The kidney normally excretes these prod-
ucts, and consequently preexisting renal failure exacerbates the
metabolic derangements of tumor lysis syndrome. Standard

treatment aims to clear high plasma levels of potassium, uric
acid, and phosphorus; correct acidosis; and prevent acute renal
failure by way of aggressive intravenous hydration; lowering
serum potassium levels; use of allopurinol; urinary alkaliniza-
tion; or renal replacement therapy (if necessary). Allopurinol is
the standard of care for treating hyperuricemia of malignancy,
but is associated with drawbacks. Recombinant urate oxidase
(rasburicase), which recently became available in the United
States, provides a safe and effective alternative to allopurinol
for lowering uric acid levels and preventing uric acid
nephropathy. Am J Med. 2004;116:546-554. ©2004 by
Excerpta Medica Inc.

umor lysis syndrome is an oncologic emergency

that is characterized by severe metabolic derange-

ments. It typically occurs in patients with lympho-
proliferative malignancies who are exposed to chemo-
therapy, radiation, or corticosteroids, but can occur
spontaneously in the absence of treatment (1). The syn-
drome is associated frequently with acute renal failure;
this may be more frequent and predict worse clinical out-
comes in the spontaneous form of the syndrome than in
the treatment-related form (1-5). Patients with preexist-
ing acute or chronic renal insufficiency are predisposed to
developing the syndrome and are more vulnerable to its
effects.

Tumor lysis syndrome was first reported in 1929 in
patients with chronic leukemia (6). In 1977, Crittenden
and Ackerman described the first case of both spontane-
ous tumor lysis syndrome and acute renal failure due to
uric acid nephropathy in a patient with disseminated gas-
trointestinal carcinoma (1). Tumor lysis syndrome is
most commonly observed following chemotherapy for
high-grade lymphoproliferative malignancies such as

From the Departments of General Internal Medicine (MBD, ST, AW)
and Nephrology and Hypertension (JKH, MJS), The Cleveland Clinic
Foundation, Cleveland, Ohio; and the Ohio State University College of
Medicine and Public Health (NDB), Columbus, Ohio.

Requests for reprints should be addressed to Martin J. Schreiber, MD,
Department of Nephrology and Hypertension, The Cleveland Clinic
Foundation, 9500 Euclid Avenue, Cleveland, Ohio, or schreim@ccf.org.

Manuscript submitted June 9, 2003, and accepted in revised form
September 19, 2003.

546 © 2004 by Excerpta Medica Inc.
All rights reserved.

acute lymphocytic leukemia and Burkitt lymphoma (7—
10). It has also been reported in many different types of
solid tumors, including lung and breast carcinoma (2,11—
31). Risk factors include large tumor burdens, lactate de-
hydrogenase levels above 1500 IU, extensive bone mar-
row involvement, and high tumor sensitivity to
chemotherapeutic agents (7).

With increasingly effective antitumor regimens, there
is an increased likelihood of tumor lysis syndrome in a
wider range of malignant diseases. Various chemothera-
peutic agents have been implicated, including cisplatin,
etoposide, fludarabine, intrathecal methotrexate, and
paclitaxel (32—-34). In addition, rituximab (35), ionizing
radiation (36), interferon « (37), and endocrine therapies
such as corticosteroids and tamoxifen (18,38—40) have
been implicated. These agents increase renal risk because
of their increased antitumor activity, rather than a direct
toxicity of the renal tubules.

METABOLIC ABNORMALITIES AND
CONSEQUENCES

Hyperkalemia

Hyperkalemia may appear from 6 to 72 hours after the
initiation of chemotherapy (10) and is the most serious
manifestation of tumor lysis syndrome (Table 1). Potas-
sium is generally concentrated intracellularly. Cell lysis
results in the liberation of large amounts of intracellular
potassium into extracellular fluid. Chronic kidney dis-
ease, acute renal failure, or concurrent acidosis may ex-
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Table 1. Characteristic Electrolyte Abnormalities Encountered in Tumor Lysis Syndrome and Their Clinical Consequences

Electrolyte Pathophysiology Clinical Consequence Treatment Options

Potassium  Rapid expulsion of intracellular Adverse skeletal and cardiac Insulin/glucose, sodium bicarbonate,
K" into the circulation due to manifestations (e.g., ventricular inhaled beta-agonist, K-binding
cell lysis. arrhythmia, weakness, resins, dialysis, calcium gluconate

paresthesias)

Phosphate  Release of intracellular PO4~ due Muscle cramps, tetany, arrhythmias, — Dialysis, phosphate binders
to cell lysis. May be seizures
compounded by renal
dysfunction.

Calcium Precipitation of the calcium Muscle cramps, tetany, arrhythmias,  Calcium gluconate (treatment
phosphate complex due to the seizures, renal failure (acute should be reserved for those with
rapid increase in the nephrocalcinosis) neuromuscular irritability)
phosphorous concentration.

Uric acid Cell lysis leads to increased levels Renal failure (uric acid Hydration, dialysis, xanthine oxidase

of purine nucleic acids into the

nephropathy)

inhibitors, alkalization of urine,

circulation that are metabolized
to uric acid.

urate oxidase

acerbate hyperkalemia as the excretory capacity of the
kidney can be overwhelmed by transcellular shifts due to
potassium release from lysing cells as well as acidosis.
Symptoms of hyperkalemia include weakness, paresthe-
sias, muscle cramps, nausea, vomiting, diarrhea, and an-
orexia. Severe hyperkalemia (>7.0 mg/dL or delta K™
>2.0 mg/dL) can adversely affect skeletal and cardiac
muscle function. Electrocardiographic changes include
widening of the QRS complex and peaked T waves. Hy-
perkalemia must be corrected rapidly before potentially
fatal ventricular arrhythmias occur.

Hyperphosphatemia and Hypocalcemia

Hyperphosphatemia develops from 24 to 48 hours fol-
lowing initiation of chemotherapy (10). Release of intra-
cellular phosphate can exceed the renal threshold for
phosphate excretion, leading to hyperphosphatemia (Ta-
ble 1). Malignant hematologic cells may contain up to
four times more intracellular phosphate compared with
normal mature lymphoid cells (10). Additionally, acute
destruction of tumor cells during chemotherapy prevents
the rapid reuse of phosphate for newly synthesized tumor
cells. Precipitation of calcium phosphate occurs when the
solubility product of calcium and phosphate is exceeded,
possibly leading to hypocalcemia. Muscle cramps, tetany,
cardiac arrhythmia, and seizures can result. Acute
nephrocalcinosis, or precipitation of calcium phosphate
in the renal tubules with an inflammatory response, may
lead to acute renal failure. Calcium and phosphate abnor-
malities should be identified and treated early.

Hyperuricemia

Hyperuricemia develops from 48 to 72 hours following
initiation of treatment (10) (Table 1). Tumor cell lysis
releases purine nucleic acids, which are metabolized into

uric acid (Figure 1). Malignant cells carry a large burden
of nucleic acid products due to their high cellular activity
and turnover. The high turnover rate of neoplastic cells
leads to ongoing DNA catabolism. The breakdown of pu-
rine nucleotides yields high amounts of hypoxanthine.
Xanthine oxidase catalyzes the conversion of hypoxan-
thine into uric acid (Figure 1, step A). After spontaneous
or cytotoxic therapy—induced lysis, large amounts of uric
acid are produced, leading to rapid increases in plasma
and renal tubular concentrations.

The pathophysiology of acute renal failure in tumor
lysis syndrome is multifactorial. Two major synergistic
mechanisms are volume depletion and uric acid ne-
phropathy. In the presence of an acidic pH in the collect-
ing ducts and increasing concentration of uric acid (Fig-
ure 2C), the threshold at which uric acid precipitates into
crystals may be reached. These crystals obstruct urine
flow in the tubules, leading to uric acid nephropathy,
which is more common in patients with volume deple-
tion. Patients with malignancies are often volume de-
pleted from poor oral intake, vomiting, diarrhea, insen-
sible losses (from fever or tachypnea), or procedures
requiring fasting. Volume depletion is indicated by his-
tory and by several laboratory parameters, including an
elevated blood urea nitrogen:creatinine ratio, high urine
osmolality, and elevated urine specific gravity.

A decrease in intravascular volume leads to prerenal
state as well as an increase in tubular uric acid concentra-
tion. The normal kidney responds to volume depletion by
autoregulation to maintain intraglomerular flow and fil-
tration fraction. However, in patients with tumor lysis
syndrome, the high uric acid load and hyperphos-
phatemia may overwhelm the ability of the nephron to
autoregulate (Figure 2A). The resultant decline in tubular
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Figure 1. Purine nucleic acid degradation and the formation of uric acid. A: Uric acid formation is inhibited by allopurinol and its
metabolite oxypurinol by the inhibition of the enzyme xanthine oxidase. B: Rasburicase, an analog of the enzyme urate oxidase,
catalyzes the conversion of uric acid to allantoin. Reprinted with the permission of The Cleveland Clinic Foundation.

flow may precipitate uric acid, leading to uric acid ne-
phropathy. It should be noted, however, that the absence
of uric acid crystals in the urine does not rule out uric acid
nephropathy. In the setting of acute renal failure and sus-
pected uric acid nephropathy, the use of a random urine
measurement to determine the presence of uric acid ne-
phropathy may be appropriate (41). A uric acid:creati-
nine ratio greater than 1.0 is suggestive of uric acid ne-
phropathy, whereas a ratio less than 0.6 to 0.75 suggests
renal failure of another etiology. Acute tubular necrosis
should always be considered in the differential diagnosis
of acute renal failure in a patient with malignancy. Pa-
tients at risk of tumor lysis syndrome are also susceptible
to other forms of renal injury owing to prolonged periods
of hypotension or to exposure to nephrotoxic agents such
as antimicrobial agents, chemotherapy, or contrast me-
dia. Ischemic tubule cells exhibit disruption in the mech-
anisms involved in maintaining cell adhesion, polarity,
and solute transport. Damaged tubule cells may slough
off into the lumina, resulting in obstruction of nephron
flow (Figure 2B). These events further amplify the injury
resulting from tumor lysis syndrome—associated acute re-
nal failure. Early identification and treatment may limit
the spectrum of manifestations of the syndrome.

PREVENTION AND TREATMENT

The principles of management should address three crit-
ical areas: hydration, metabolic abnormalities, and sup-
portive treatment of renal failure.

Hydration

Hydration should begin 2 days prior to, and continue 2 to
3 days after, chemotherapy. Volume expansion with iso-
tonic saline reduces serum concentrations of uric acid,
phosphate, and potassium (32,42). Excluding patients
who are at risk of volume overload, aggressive fluid ad-
ministration has been recommended in all patients pre-
sumed to be at risk of the syndrome (42—45). As a result
of increased renal blood flow, glomerular filtration rate,
and urine volume, the concentration of solutes in renal
tubules is decreased, making precipitation less likely.

Hyperkalemia

The major goals of the treatment of acute hyperkalemia
are cardiac membrane stabilization, intracellular shift of
potassium, and reduction of total potassium load. Mem-
brane stabilization is achieved with 10% calcium glu-
conate to prevent life-threatening cardiac arrhythmias
(8,9). Its duration of action, however, is short lived, and
treatment may need to be repeated. Insulin promotes the
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Figure 2. Potential mechanisms of renal injury in acute tumor lysis syndrome. A: The glomerulus. A reduction in glomerular
filtration rate mediated by preexisting volume depletion or cytokine-mediated alterations in renal perfusion. B: Renal tubules.
Ischemic acute tubular necrosis with impairment of solute transport, disruption of cell adhesions and polarity, and sloughing of cells
into lumina resulting in partial or total obstruction of nephron flow. C: Distal tubule/cortical collecting duct. Increasing urine
concentration and acidity in the distal portions of the nephron favor precipitation of uric acid crystals and monosodium urate
crystals that cause extensive obstruction of the renal collecting ducts. Reprinted with the permission of The Cleveland Clinic

Foundation.

intracellular shift of potassium, and is administered with
dextrose to prevent hypoglycemia. Inhaled beta,-agonists
may also produce an intracellular shift of potassium (46).
Isotonic sodium bicarbonate can be used to reduce met-
abolic acidosis and also to shift potassium intracellularly
(9). However, sodium bicarbonate should be adminis-
tered judiciously in patients with acute renal failure since
it can lead to inappropriate volume expansion. Net po-
tassium excretion can be achieved by several methods.
Diuretics facilitate the renal excretion of potassium. Po-
tassium-binding resins, such as sodium polystyrene sul-
fate, exchange sodium for potassium cations in the gas-
trointestinal tract (9,45). Since resins typically require a
longer time to effect removal, faster methods of lowering
potassium such as dialysis may be required, especially in
the setting of acute renal failure (11,42).

Hyperuricemia
The cornerstone of prevention and treatment of hyper-
uricemia includes both inhibiting the formation of uric
acid as well as increasing its renal clearance (Table 2).
Urinary alkalinization increases the solubility of uric
acid. At a physiologic pH, more than 98% of uric acid
exists in the plasma as its ionized salt, urate (42); in an
acidic urinary filtrate environment, uric acid will precip-

itate in the renal tubule (54). Alkalinization with sodium
bicarbonate increases uric acid solubility by increasing
the percentage of ionized uric acid in urine (55).

The goals of urinary alkalinization should be to raise
the urine pH to >7.0. Isotonic sodium bicarbonate in
0.45% normal saline with 5% dextrose should be infused
at a rate of 150 to 300 mL/h to achieve effective diuresis
and urinary alkalinization (56). Since calcium and phos-
phate can precipitate at an alkaline pH and worsen renal
failure (55,57), sodium bicarbonate should be adminis-
tered judiciously and discontinued when serum uric acid
normalizes. In some cases, increasing urinary flow rates
alone may be as effective as urinary alkalinization for de-
creasing the risk of uric acid nephropathy associated with
tumor lysis syndrome (58).

Xanthine oxidase catalyzes the formation of both hy-
poxanthine and xanthine (19) (Figure 1). Allopurinol
(Watson Laboratories, Corona, California) is a structural
analog of hypoxanthine and a competitive inhibitor of
xanthine oxidase (42). Rundles et al demonstrated the
effects of xanthine oxidase inhibitors on uric acid metab-
olism in patients with chronic granulocytic leukemia
(59). Subsequently, DeConti and Calabresi studied 33 pa-
tients with neoplastic disease (47). All of the 24 patients

April 15,2004 THE AMERICAN JOURNAL OF MEDICINE®  Volume 116 549



Tumor Lysis Syndrome/Davidson et al

Table 2. Experience Using Pharmacologic Agents to Prevent or Reverse Hyperuricemia in Tumor Lysis Syndrome

First Author
(Reference) Drug Study Description Types of Neoplasms Efficacy Adverse Events
DeConti (47)  Allopurinol 33 cases Myeloproliferative Consistent dose-related 2 patients developed
demonstrating a disorders, lymphomas,  drop in serum uric podagra. Acute renal
dose-related and chronic and acute  acid levels. failure in 1 patient.
reduction in uric leukemias
acid in patients
treated with
allopurinol.
Masera (48)  Nonrecombinant 30 pediatric patients ~ Acute leukemia Significant decrease in 5 patients from the
urate oxidase compared with uric acid levels by allopurinol group
(Uricozyme) matched historical urate oxidase vs. developed uric acid
controls treated allopurinol at day 2 nephropathy.
with allopurinol. (P <0.01) and
following two
courses of therapy
(P <0.0001).
Chua (49) PEG-uricase 1 patient with severe ~ Non-Hodgkin’s Demonstrated adrop  No adverse reactions.

Pui (50) Nonrecombinant
urate oxidase
(Uricozyme)

Smalley (51)  Intravenous
allopurinol

Pui (52) Rasburicase

Goldman (53) Rasburicase vs.
allopurinol

allopurinol allergy
and non-Hodgkin’s
lymphoma with
hyperuricemia.

126 pediatric patients
compared with
matched historical
controls treated
with allopurinol.

1176 patients over 21
years who could not
tolerate oral
allopurinol.

245 patients treated
with rasburicase for
prophylaxis or
treatment of
hyperuricemia.

Comparison of 52
patients assigned
randomly to
allopurinol or
rasburicase.

lymphoma

Acute lymphoblastic

leukemia

39% non-Hodgkin’s
lymphoma, 34% acute
leukemia

71% acute leukemia

Leukemia or lymphoma
(at high risk of tumor
lysis)

in plasma uric acid
levels without
antigenicity and a
longer duration of
action than urate
oxidase.

Significant decrease in
uric acid levels by
urate oxidase vs.
allopurinol
(P <0.001).

Significant difference in
time to decrease in
uric acid by urate
oxidase vs.
allopurinol at day 1
(P <0.001).

Prevented an increase
in uric acid levels in
93% patients.

Partial or complete
return of uric acid
levels to normal in
91% of patients
treated.

Compared with
baseline values,
serum uric acid levels
decreased
significantly
(P <0.001) with
rasburicase.

Significant decrease in
uric acid levels by
rasburicase vs.
allopurinol
(P <0.0001) at 4
hours after the first
dose.

6 patients in the urate
oxidase group
developed allergic
reactions.

Renal function was
preserved
significantly better in
the urate oxidase
group with BUN
(P <0.001) and
creatinine (P <0.01).

10 patients developed
mild allergic
reactions to
allopurinol.

10 patients developed
uric acid
nephropathy despite
adequate intravenous
allopurinol therapy.

9 patients developed
mild allergic
reactions.

10 patients required
hemodialysis while
being treated with
rasburicase.

1 patient taken off
rasburicase when
hemolysis occurred.

Not powered to
determine differences
in renal failure or
need for dialysis.

BUN = Blood urea nitrogen; PEG = polyethylene glycol.
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who received allopurinol showed a consistent reduction
in uric acid levels. The dose of oral allopurinol for tumor
lysis syndrome ranges up to 800 mg/d. An intravenous
form is available for patients who either are unable to take
oral medications or have conditions in which intrave-
nous administration is preferred (45,51,60). Allopurinol
has a half-life of 60 to 180 minutes. Its active metabolite,
oxypurinol, is also an effective inhibitor of xanthine oxi-
dase and remains active for 18 to 30 hours (9). Since oxy-
purinol is cleared renally, its half-life can be prolonged
substantially in patients with renal insufficiency (42). In
addition, thiazide diuretics also delay excretion of oxy-
purinol (61). A decrease in plasma urate levels can be seen
by 2 to 3 days. It should be noted that inhibition of uric
acid synthesis by allopurinol increases plasma and uri-
nary xanthine levels (19). Since xanthine (pKa 7.4) is less
soluble in urine than uric acid (pKa 5.5), allopurinol ther-
apy may lead to precipitation of xanthine in the renal
tubules and renal failure (42,62). However, this potential
complication has rarely been reported in the literature.
In addition to its limiting production, uric acid can
also be converted to a more soluble form to facilitate ex-
cretion. Urate oxidase catalyzes the oxidation of uric acid
to allantoin, which is five times more soluble than uric
acid (Figure 1B) (63). This enzyme occurs in most species
except higher primates, due to a nonsense mutation (64).
Nonrecombinant urate oxidase has been used in Europe
since 1975 for the prophylaxis of acute tumor lysis syn-
drome (65). The use of urate oxidase was limited by a
high incidence of anaphylaxis, but the addition of poly-
ethylene glycol has reduced this risk (66). Subsequently, a
recombinant form of urate oxidase, rasburicase (Elitek;
Sanofi-Synthelabo Inc., New York, New York), was de-
veloped using a complementary DNA fragment from As-
pergillus flavus in Saccharomyces cerevisiae (67—69). Ras-
buricase has recently been approved in the United States.
Rasburicase is both efficacious and well tolerated
(53,70). In a randomized comparison with allopurinol in
52 pediatric patients at high risk of tumor lysis, Goldman
et al demonstrated that rasburicase significantly reduced
plasma uric acid levels within 4 hours after the first dose
(86% vs. 12% reduction, P <0.0001) (53). No renal fail-
ure requiring renal replacement therapy occurred in the
rasburicase group, and no antirasburicase antibodies
were detected at day 14 of treatment. Rasburicase does
not require adjustment with decreased creatinine clear-
ance (69,70). Although the Food and Drug Administra-
tion has warned about the risk of hypersensitivity reac-
tions, including anaphylaxis, a study showed that the risk
of hypersensitivity reaction (consisting of bronchospasm
and hypoxemia) was considerably lower with rasburicase
than with nonrecombinant urate oxidase (50). In patients
with glucose-6-phosphate dehydrogenase deficiency, he-
molytic anemia may occur due to the inability to metab-
olize hydrogen peroxide produced during the formation

of allantoin (Figure 1B) (52,69,71). Rare adverse drug
reactions such as nausea and vomiting have been re-
ported with rasburicase (50). Rasburicase may interfere
with serum uric acid estimation due to the continued
breakdown of uric acid following sample collection. This
may be avoided by promptly placing the blood sample in
an ice bath (69).

Hypocalcemia

Asymptomatic hypocalcemia should not be treated due
to the risk of exacerbating calcium phosphate precipita-
tion (72). Intravenous calcium gluconate is indicated for
symptomatic hypocalcemia. Hypocalcemia usually re-
solves with treatment of the concomitant hyperphos-
phatemia.

ACUTE RENAL FAILURE AND THE ROLE
OF RENAL REPLACEMENT THERAPY

Dialysis is indicated when the resolution of tumor lysis—
induced acute renal failure is unlikely, or whenever life-
threatening electrolyte disorders or volume overload oc-
curs. Renal replacement therapy must be instituted
promptly and aggressively once conservative measures
have been proven to be inadequate. General principles
include normalization of potassium, calcium, phospho-
rus, and uric acid levels to avoid further renal insults and
to reduce the likelihood of arrhythmias. Renal replace-
ment therapies may also reduce nitrogenous waste prod-
ucts and afford flexibility in management of nutrition
and fluid balance (56).

Dialytic support is used primarily to correct the meta-
bolic abnormalities seen in tumor lysis syndrome and
potentially limit further renal injury. There are many
forms of renal replacement therapy; each differs in its
efficiency in correcting fluid and electrolyte abnormali-
ties.

The concept of clearance is useful when attempting to
compare the efficacy of different forms or techniques of
dialytic support in various groups of patients. Clearance
can be defined as the volume of blood that is purified of a
solute per unit of time. The clearance of a solute depends
on a number of variables, both patient specific and tech-
nique dependent, which may vary greatly between patient
groups or between therapies. This heterogeneity makes
precise predictions of the potential effectiveness of any
one technique difficult. Although the final prescription of
dialysis therapy should be determined only with careful
consideration of the clinical situation, a general appreci-
ation of the differences achieved by each type of dialysis
support is useful. Interestingly, within each form of dial-
ysis therapy, the clearance of any particular solute ap-
pears similar in patients with tumor lysis syndrome and
in patients with other forms of renal failure (5,73-77).
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The solutes that are most often affected in tumor lysis
syndrome are cleared more efficiently with hemodialysis
than with peritoneal dialysis (73,78). Although intermit-
tent therapy is considered to be more efficient than con-
tinuous therapy per unit time, continuous therapies can
be more effective overall by virtue of the extension of
therapy over time afforded with these approaches (5,74).

Intermittent hemodialysis is a rapid means of address-
ing fluid and electrolyte perturbations, and in the United
States it is readily available in the hospital setting. Multi-
ple individual treatments utilizing high blood flow and
high dialysate flows, with laboratory-directed alterations
of potassium and calcium concentrations in dialysate
fluid, provide the best means of rapidly correcting elec-
trolyte levels (73). Absolute clearance rates vary and are
dependent on blood flow achieved, but generally reflect
those obtained in other patients with renal disease. Clear-
ance of uric acid ranged from 70 to 145 mL/min in one
report (73), which is similar to that observed in chronic
dialysis patients (77). Certain abnormalities (e.g., hyper-
phosphatemia) are relatively difficult to control with in-
termittent hemodialysis, even with the use of high flux
membranes and high blood flows. Therefore, it is recom-
mended that patients receive intermittent hemodialysis
every 12 to 24 hours depending on the initial magnitude
of derangement and the subsequent clinical course.

Peritoneal dialysis can be an alternative to intermittent
hemodialysis, although the need to place a peritoneal
catheter is a major obstacle in patients with abdominal
involvement of their tumor burden. Clearance rates with
peritoneal dialysis are lower than with hemodialysis; rates
of uric acid clearance ranged from 6.7 to 9.5 mL/min in
one report (73,78), similar to those observed in chronic
peritoneal dialysis patients (76) and substantially less ef-
ficient than rates obtained with intermittent dialysis (73).
The extended time available for treatment on continuous
peritoneal dialysis can somewhat compensate for this re-
duced efficiency, but can be a limitation in patients with
immediately life-threatening metabolic disorders.

The types of continuous renal replacement therapy in-
clude hemofiltration, hemodialysis, and hemodiafiltra-
tion, all of which require close monitoring, typically in an
intensive care unit. Clearance of solutes is highly variable
and depends on the specific prescription for each of these
methods. For comparative purposes, in patients with tu-
mor lysis syndrome, uric acid clearance has been reported
at 39 mL/min in continuous arteriovenous hemodialysis
and 45 mL/min in continuous veno-venous hemodiafil-
tration (5,79). These rates were observed in patients
treated with high dialysate or high replacement fluid flow
rates, and as such are higher than clearance estimates in
other patients treated with lower rates (74,80). Experi-
ence with continuous therapies in the treatment of tumor
lysis syndrome is generally favorable, although it is not
known if they are much more effective than intermittent
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therapy (5,79—-83). Continuous renal replacement ther-
apy has been utilized as a prophylactic adjunct to the
treatment of patients at high risk of tumor lysis syndrome
in select cases, with some encouraging results (44,84).

CONCLUSION

Tumor lysis syndrome is a life-threatening condition in
which rapid destruction of tumor cells leads to hyperuri-
cemia, hyperphosphatemia, hyperkalemia, hypocalce-
mia, or, often, acute renal failure. Early identification of
patients at risk and prevention of its development is crit-
ical. The syndrome is seen most frequently in patients
with lymphoproliferative malignancies, but also in those
with solid tumors. Tumor lysis syndrome is seen most
often following chemotherapy induction of tumor cells,
which initiates massive cell death and lysis of cell con-
tents. During chemotherapy, patients who are at risk of
the syndrome should be monitored closely through daily
weights and assessments of urine output. Uric acid, lac-
tate dehydrogenase, creatinine, potassium, phosphate,
and calcium levels should be measured frequently. Acute
renal failure may occur from intravascular volume deple-
tion or from deposition of uric acid and calcium phos-
phate crystals in the tubules, resulting in uric acid ne-
phropathy. The metabolic and electrolyte disturbances of
tumor lysis syndrome may be concurrently exacerbated
by renal failure. Patients may be treated with allopurinol,
hydration, urinary alkalinization, or hemodialysis. Ras-
buricase, which was recently approved in the United
States, may be more effective than allopurinol because it
oxidizes uric acid to the soluble product allantoin, pre-
venting or reversing nephropathy from uric acid or xan-
thine. Failure of medical therapies to control abnormali-
ties of the tumor lysis syndrome is an urgent indication
for renal replacement therapy. Without prompt and
proper management, derangements of the tumor lysis
syndrome can result in death. Early recognition and
treatment will decrease the risk of fatal complications.

REFERENCES

1. Crittenden DR, Ackerman GL. Hyperuricemic acute renal failure in
disseminated carcinoma. Arch Intern Med. 1977;137:97-99.

2. Jasek AM, Day HJ. Acute spontaneous tumor lysis syndrome. Am J
Hematol. 1994;47:129—-131.

3. Alkhuja S, Ulrich H. Acute renal failure from spontaneous acute
tumor lysis syndrome: a case report and review. Ren Fail. 2002;24:
227-232.

4. Feld J, Mehta H, Burkes RL. Acute spontaneous tumor lysis syn-
drome in adenocarcinoma of the lung: a case report. Am J Clin
Oncol. 2000;23:491-493.

5. Agha-Razii M, Amyot SL, Pichette V, et al. Continuous veno-ve-
nous hemodiafiltration for the treatment of spontaneous tumor
lysis syndrome complicated by acute renal failure and severe hyper-
uricemia. Clin Nephrol. 2000;54:59—63.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tumor Lysis Syndrome/Davidson et al

. Bedrna J, Polcak J. Akuter Harnleiterverschluss nach Bestrahlung

chronischer Leukdmien mit Rontgenstrahlen. Med Klin. 1929;25:
1700-1701.

. Cohen LF, Balow JE, Magrath IT, et al. Acute tumor lysis syndrome:

a review of 37 patients with Burkitt’s lymphoma. Am ] Med. 1980;
68:486—491.

. Altman A. Acute tumor lysis syndrome. Semin Oncol. 2001;

28(suppl 5):3-8.

. Jeha S. Tumor lysis syndrome. Semnin Hematol. 2001;38(suppl 10):

4-8.

Flombaum CD. Metabolic emergencies in the cancer patient. Semin
Oncol. 2000;27:322-334.

Sewani HH, Rabatin JT. Acute tumor lysis syndrome in a patient
with mixed small cell and non-small cell tumor. Mayo Clinic Proc.
2002;77:722-728.

Kalemkerian GP, Darwish B, Varteraisan ML. Tumor lysis syn-
drome in small cell carcinoma and other solid tumors. Am ] Med.
1997;103:363-367.

Persons DA, Garst J, Vollmer R, et al. Tumor lysis syndrome and
acute renal failure after treatment of non-small-cell lung carcinoma
with combination irinotecan and cisplatin. Am J Clin Oncol. 1998;
21:426-429.

Zigrossi P, Brustia M, Bobbio F, et al. Flare and tumor lysis syn-
drome with atypical features after letrozole therapy in advanced
breast cancer. A case report. Ann Ital Med Int. 2001;16:112-117.
Rostom AY, El-Hussainy G, Kandil A, Allam A. Tumor lysis syn-
drome following hemi-body irradiation for metastatic breast can-
cer. Ann Oncol. 2000;11:1349—-1351.

Sklarin NT, Markham M. Spontaneous recurrent tumor lysis syn-
drome in breast cancer. Am J Clin Oncol. 1995;18:71-73.

Stark ME, Dyer MC, Coonley CJ. Related fatal acute tumor lysis
syndrome with metastatic breast carcinoma. Cancer. 1987;60:762—
764.

Cech P, Block JB, Cone LA, et al. Tumor lysis syndrome after ta-
moxifen flare. N Engl ] Med. 1986;315:263-264.

Drakos P, Bar-Ziv ], Catane R. Tumor lysis syndrome in nonhema-
tologic malignancies. Am J Clin Oncol. 1994;17:502-505.

Hain RD, Rayner L, Weitzman S, et al. Acute tumour lysis syn-
drome complicating treatment of stage IVS neuroblastoma in in-
fants under six months old. Med Pediatr Oncol. 1994;23:136—139.
Tomlinson GC, Solberg LA Jr. Acute tumor lysis syndrome with
metastatic medulloblastoma. A case report. Cancer. 1984;53:1783—
1785.

Yokoi K, Miyazawa N, Kano Y, et al. Tumor lysis syndrome in
invasive thymoma with peripheral blood T-cell lymphocytosis.
Am ] Clin Oncol. 1997;20:86—89.

Khan J, Broadbent VA. Tumor lysis syndrome complicating treat-
ment of widespread metastatic abdominal rhabdomyosarcoma. Pe-
diatr Hematol Oncol. 1993;10:151-155.

Khalil A, Chammas M, Shamseddine A, et al. Fatal acute tumor lysis
syndrome following treatment of vulvar carcinoma: case report.
Eur ] Gynaecol Oncol. 1998;19:415-416.

Shamseddine Al, Khalil AM, Wehbeh MH. Acute tumor lysis syn-
drome with squamous cell carcinoma of the vulva. Gynecol Oncol.
1993;51:258 -260.

Dirix LY, Prove A, Becquart D, et al. Tumor lysis syndrome in a
patient with metastatic Merkel cell carcinoma. Cancer. 1991;67:
2207-2210.

Pentheroudakis G, O’Neill V], Vasey P, et al. Spontaneous acute
tumour lysis syndrome in patients with metastatic germ cell tu-
mours. Report of two cases. Support Care Cancer. 2001;9:554—557.
Barton JC. Tumor lysis syndrome in nonhematopoietic malignan-
cies. Cancer. 1989;64:738-740.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Bilgrami SF, Fallon BG. Tumor lysis syndrome after combination
chemotherapy for ovarian cancer. Med Pediatr Oncol. 1993;21:521—
524.

Habib GS, Saliba WR. Tumor lysis syndrome after hydrocortisone
treatment in metastatic melanoma: a case report and review of the
literature. Am J Med Sci. 2002;323:155-157.

Stoves ], Richardson D, Patel H. Tumour lysis syndrome in a pa-
tient with metastatic melanoma treated with biochemotherapy.
Nephrol Dial Transplant. 2001;16:188—-189.

Razis E, Arlin Z, Ahmed T, et al. Incidence and treatment of tumour
lysis syndrome in patients with acute leukaemia. Acta Haematol.
1994;91:171-174.

Montalban C, Liano F, Aguilera A. Tumour lysis syndrome after
treatment of chronic lymphocytic leukaemia with fludarabine.
Postgrad Med ]. 1994;70:651-652.

Castro MP, Van Auken J, Spencer-Cisak P, et al. Acute tumor lysis
syndrome associated with concurrent biochemotherapy of meta-
static melanoma. Cancer. 1999;85:1055—-1059.

Dillman RO. Infusion reactions associated with the therapeutic use
of monoclonal antibodies in the treatment of malignancy. Cancer
Metastasis Rev. 1999;18:465—471.

Fleming DR, Henslee-Downey PJ, Coffey CW. Radiation induced
acute tumor lysis syndrome in the bone marrow transplant setting.
Bone Marrow Transplant. 1991;8:235-236.

Fer MF, Bottino GC, Sherwin SA, et al. Atypical tumor lysis syn-
drome in a patient with T-cell ymphoma treated with recombinant
leukocyte interferon. Am | Med. 1984;77:953-956.

Coutinho AK, de O Santos M, Pinczowski H, et al. Tumor lysis
syndrome in a case of chronic lymphocytic leukemia induced by
high-dose corticosteroids. Am | Hematol. 1997;54:85-86.

Malik IA, Abubakar S, Alam F, et al. Dexamethasone-induced tu-
mor lysis syndrome in high-grade non-Hodgkin’s lymphoma.
South Med ]. 1994;87:409—411.

Sparano J, Ramirez M, Wiernik PH. Increasing recognition of cor-
ticosteroid-induced tumor lysis syndrome in non-Hodgkin’s lym-
phoma. Cancer. 1990;65:1072—-1073.

Kelton J, Kelley WN, Holmes EW. A rapid method for the diagnosis
of acute uric acid nephropathy. Arch Intern Med. 1978;138:612—
615.

Lorigan PC, Woodings PL, Morgenstern GR, et al. Tumour lysis
syndrome, case report and review of the literature. Ann Oncol. 1996;
7:631-636.

Sondheimer JH, Migdal SD. Toxic nephropathies. Crit Care Clin.
1987;3:883-907.

Jones DP, Mahmoud H, Chesney RW. Tumor lysis syndrome:
pathogenesis and management. Pediatr Nephrol. 1995;9:206—212.
Sallan S. Management of acute tumor lysis syndrome. Sermin Oncol.
2001;28(suppl 5):9-12.

Singer GG, Brenner BM. Fluid and electrolyte disturbances. In:
Braunwald E, Fauci AS, Kasper DL, et al, eds. Harrison’s Principles of
Internal Medicine. 15th ed. New York, New York: McGraw-Hill;
2001:271-283.

DeConti RC, Calabresi P. Use of allopurinol for prevention and
control of hyperuricemia in patients with neoplastic disease. N Engl
] Med. 1966;274:481-486.

Masera G, Jankovic M, Zurlo MG, et al. Urate-oxidase prophylaxis
of uric acid-induced renal damage in childhood leukemia. J Pediatr.
1982;100:152-155.

Chua CC, Greenberg ML, Viau AT, Nucci M, Brenckman WD Jr,
Hershfield MS. Use of polyethylene glycol-modified uricase (PEG-
uricase) to treat hyperuricemia in a patient with non-Hodgkin lym-
phoma. Ann Intern Med. 1988;109:114—-117.

Pui CH, Relling MV, Lascombes F, et al. Urate oxidase in preven-
tion and treatment of hyperuricemia associated with lymphoid ma-
lignancies. Leukemia. 1997;11:1813-1816.

April 15,2004 THE AMERICAN JOURNAL OF MEDICINE®  Volume 116 553



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

554 April 15,2004 THE AMERICAN JOURNAL OF MEDICINE®  Volume 116

Tumor Lysis Syndrome/Davidson et al

Smalley RV, Guaspari A, Haase-Statz S, et al. Allopurinol: intrave-
nous use for prevention and treatment of hyperuricemia. J Clin
Oncol. 2000;18:1758-1763.

Pui C, Mahmoud HH, Wiley JM, et al. Recombinant urate oxidase
for the prophylaxis or treatment of hyperuricemia in patients with
leukemia or lymphoma. J Clin Oncol. 2001;19:697-704.

Goldman SC, Holcenberg JS, Finklestein JZ, et al. A randomized
comparison between rasburicase and allopurinol in children with
lymphoma or leukemia at high risk for tumor lysis. Blood. 2001;97:
2998-3003.

Wilcox WR, Khalaf A, Weinberger A, et al. Solubility of uric acid
and monosodium urate. Med Biol Eng. 1972;10:522-531.

Conger JD, Falk SA, Guggenheim SJ, Burke TJ. A micropuncture
study of the early phase of acute urate nephropathy. J Clin Invest.
1976;58:681-689.

Arrambide K, Toto RD. Tumor lysis syndrome. Semin Nephrol.
1993;13:273-280.

MonballyuJ, Zachee P, Verberckmoes R, et al. Transient acute renal
failure due to tumor-lysis-induced severe phosphate load in a pa-
tient with Burkitt’s lymphoma. Clin Nephrol. 1984;22:47-50.
Conger JD, Falk SA. Intrarenal dynamics in the pathogenesis and
prevention of acute urate nephropathy. J Clin Invest. 1977;59:786—
793.

Rundles RW, Wyngaarden JB, Hitching GH, Elison GB, Silberman
HR. Effects of xanthine oxidase inhibitor on thiopurine metabo-
lism, hyperuricemia, and gout. Trans Assoc Am Phys. 1963;76:126—
140.

Feusner J, Farber MS. Role of intravenous allopurinol in the man-
agement of acute tumor lysis syndrome. Semin Oncol 2001 (suppl
5):13-18.

Allopurinol  [prescribing information].
Watson Laboratories; June 2002.

Band PR, Silverberg DS, Henderson JF, et al. Xanthine nephropathy
in a patient with lymphosarcoma treated with allopurinol. N Engl
] Med. 1970;283:354-357.

Brogard JM, Coumaros D, Franckhauser ], et al. Enzymatic
uricolysis: a study of the effect of a fungal urate-oxydase. Rev Eur
Etud Clin Biol. 1972;17:890-895.

Yeldandi AV, Yeldandi V, Kumar S, et al. Molecular evolution of
the urate oxidase-encoding gene in hominoid primates: nonsense
mutations. Gene. 1991;109:281-284.

Patte C, Sakiroglu O, Sommelet D. European experience in the
treatment of hyperuricemia. Semin Hematol. 2001;38(suppl 10):9—
12.

Rozenberg S, Koeger AC, Bourgeois P. Urate-oxydase for gouty
arthritis in cardiac transplant recipients. | Rheumatol. 1993;20:
2171.

Leplatois P, Le Douarin B, Loison G. High-level production of a
peroxisomal enzyme: Aspergillus flavus uricase accumulates intra-
cellularly and is active in Saccharomyces cerevisiae. Gene. 1992;122:
139-145.

Corona, California:

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Bayol A, Capdevielle J, Malazzi P, et al. Modification of a reactive
cysteine explains differences between rasburicase and Uricozyme, a
natural Aspergillus flavus uricase. Biotechnol Appl Biochem. 2002;
36(pt 1):21-31.

Elitek (rasburicase) [prescribing information]. New York, New
York: Sanofi-Synthelabo Inc.; July 2002.

Pui CH. Rasburicase: a potent uricolytic agent. Exp Opin Pharma-
cother. 2002;3:433—452.

Brant JM. Rasburicase: an innovative new treatment for hyperuri-
cemia associated with tumor lysis syndrome. Clin J Oncol Nurs.
2002;6:12—-16.

Goldsmith RS, Ingbar SH. Inorganic phosphate treatment of hyper-
calcemia of diverse etiologies. N Engl ] Med. 1966;274:1-7.
Kjellstrand CM, Campbell DC, von Hartitzsch B, et al. Hyperurice-
mic acute renal failure. Arch Intern Med. 1974;133:349—-359.
Davies SP, Kox WJ, Brown EA. Clearance studies in patients with
acute renal failure treated by continuous arteriovenous haemodi-
alysis. Contrib Nephrol. 1991;93:117-119.

Jeffrey RF, Khan AA, Prabhu P, et al. A comparison of molecular
clearance rates during continuous hemofiltration and hemodialysis
with a novel volumetric continuous renal replacement system. Artif
Organs. 1994;18:425-428.

Procaccini DA, Querques M, Tappi A, Strippoli P. Peritoneal clear-
ances. Long term study. ASAIO Trans. 1988;34:437—440.
Descombes E, Perriard F, Fellay G. Diffusion kinetics of urea, cre-
atinine and uric acid in blood during hemodialysis. Clinical impli-
cations. Clin Nephrol. 1993;40:286-295.

Duke M. Peritoneal dialysis in leukemia and uric acid nephropathy.
Am ] Med Sci. 1963;245:426-431.

Pichette V, Leblanc M, Bonnardeaux A, et al. High dialysate flow
rate continuous arteriovenous hemodialysis: a new approach for
the treatment of acute renal failure and tumor lysis syndrome. Am J
Kidney Dis. 1994;23:591-596.

Schelling JR, Ghandour FZ, Strickland TJ, et al. Management of
tumor lysis syndrome with standard continuous arteriovenous
hemodialysis: case report and a review of the literature. Ren Fail.
1998;20:635-644.

Heney D, Essex-Cater A, Brocklebank JT, et al. Continuous arterio-
venous haemofiltration in the treatment of tumour lysis syndrome.
Pediatr Nephrol. 1990;4:245-247.

Sakarcan A, Quigley R. Hyperphosphatemia in tumor lysis
syndrome: the role of hemodialysis and continuous veno-venous
hemofiltration. Pediatr Nephrol. 1994;8:351-353.

Jaing TH, Hsueh C, Tain YL, et al. Tumor lysis syndrome in an
infant with Langerhans cell histiocytosis successfully treated using
continuous arteriovenous hemofiltration. J Pediatr Hematol Oncol.
2001;23:142-144.

Saccente SL, Kohaut EC, Berkow RL. Prevention of tumor lysis
syndrome using continuous veno-venous hemofiltration. Pediatr
Nephrol. 1995;9:569-573.



	Pathophysiology, Clinical Consequences, and Treatment of Tumor Lysis Syndrome
	METABOLIC ABNORMALITIES AND CONSEQUENCES
	Hyperkalemia
	Hyperphosphatemia and Hypocalcemia
	Hyperuricemia

	PREVENTION AND TREATMENT
	Hydration
	Hyperkalemia
	Hyperuricemia
	Hypocalcemia

	ACUTE RENAL FAILURE AND THE ROLE OF RENAL REPLACEMENT THERAPY
	CONCLUSION
	REFERENCES


