Editorials and Perspectives

Tumor lysis syndrome: current perspective
Jessica Hochberg and Mitchell S. Cairo

Morgan Stanley Children’s Hospital, New York Presbytetian, Columbia University, New York, NY, USA

E-mail: mc1310@columbia.edu

umor lysis syndrome is characterized by a

group of metabolic derangements caused by the

massive and abrupt release of cellular compo-
nents into the blood following the rapid lysis of malig-
nant cells. It is observed most frequently in patients
with hematologic malignancies such as acute lym-
phoblastic leukemia (ALL) and Burkitt’s lymphoma
after the initiation of chemotherapy, although it may
also occur in other malignancies, both hematologic
and solid tumors. These malignancies sharesthe chat-
acteristics of a high proliferative rate, large tumor bur-
den, or high sensitivity to cytotoxic therapy.' In some
cases, tumor lysis syndrome can ledd t¢ acute renal
failure and even death. The key to theimanagement of
tumor lysis syndrome includes awareness of its causes,
identification of high-risk patients, implementation of
appropriate prophylactie’ measures, vigilant monitor-
ing of electrolyte levels in patients undergoing
chemotherapy, and initiation of more active treatment
measures when necessary.

Pathophysiology

In tumors with a high proliferative rate, a relatively
large mass and a high sensitivity to cytotoxic agents,
the initiation of therapy often results in the rapid
release of intracellular anions, cations, and the meta-
bolic products of proteins and nucleic acids into the
bloodstream.*® The increased concentrations of uric
acid, calcium, phosphates, potassium, and urea can
overwhelm the body’s homeostatic mechanisms to
process and excrete these materials and result in the
clinical spectrum associated with tumor lysis syn-
drome." Hyperuricemia and its associated complica-
tions are the most frequently recognized manifesta-
tions of tumor lysis syndrome, and predispose to
many of the other clinical derangements. Hyper-
uricemia results from rapid release and catabolism of

intracellular nueleic’ acids. Purine nucleic acids are
catabolized to hypoxanthine, then xanthine, and final-
ly to uric«acid by xanthine oxidase (Figure 1).""

Hyperphosphatemia results from the rapid release of
intracellular phosphates from malignant cells, which
may contain as much as four times the amount of
organic and inorganic phosphates as normal cells.*"
Hyperphosphatemia can lead to the development of
acute renal failure after precipitation with calcium in
renal tubules during tumor lysis syndrome. The serum
concentration of calcium rapidly decreases as precipi-
tation with phosphate occurs. Hypocalcemia is one of
the most serious clinical manifestations of tumor lysis
syndrome and has been associated with the develop-
ment of severe muscle cramping, tetany, and cardiac
arthythmias. Hyperkalemia may also be a life-threat-
ening consequence of tumor lysis syndrome. Hyper-
kalemia results from the kidneys’ inability to clear the
massive load of intracellular potassium released by
lysed tumor cells. Neuromuscular signs and symptoms
may include muscle weakness, cramps, paresthesias,
and possible paralysis. Cardiac manifestations may
include asystole, ventricular tachycardia or fibrillation,
syncope, and possible sudden death.**

Increases in blood urea nitrogen and creatinine levels
occur as a result of renal impairment associated with
acute uric acid crystal nephropathy, calcium-phos-
phate crystals and nephrocalcinosis, or a combination
of both, leading to an acute obstructive uropathy syn-
drome. Acute clinical manifestations may include ure-
mia, edema, hypertension, congestive heart failure,
and exacerbations of metabolic disturbances.

Definition

While the set of metabolic abnormalities comprising
tumor lysis syndrome is generally agreed upon, there is
currently no universally accepted system for classifica-
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Figure 1. Purine catabolism pathway.

tion and grading. Hande and Garrow developed a clas-
sification system based on defining laboratory (LTLS)
or clinical tumor lysis syndrome (CTLS)." This system
distinguishes between patients who do not require
therapeutic intervention versus those experiencing life-
threatening clinical abnormalities. In order to address
the shortcomings of this classification system, Cair¢
and Bishop developed a system for defining CTLS and
LTLS based upon modifications to the Hande-Garrow
classification.® Under this definition, LTLS is considered
to be present if two or more serum valuestof{uric acid,
potassium, phosphate or calcium are above or below
normal at presentation, or if they change by 25% with-
in 3 days before or 7 days after the'initiation of treat-
ment (Table 1). CTLS requires the presence of LTLS in
addition to one or more~of the following significant
clinical complications: ‘renal insufficiency, cardiac
arrthythmias/sudden death, and seizures (Table 2).
Under this system, LTLS is considered to be either pres-
ent or absent, while the grade of CTLS is defined by the
maximal grade of the clinical manifestation (Table 3).*

Risk factors

Certain intrinsic tumor-related factors have been
associated with an increased risk for the development
of tumor lysis syndrome, including high tumor cell
proliferation rate, large tumor burden, tumor chemo-
sensitivity, and increased lactate dehydrogenase (LDH)
levels.”"® However, the overall incidence of tumor
lysis syndrome is not well established and has been
closely studied only in high-grade non-Hodgkin’s lym-
phomas (NHL)."*"** In a retrospective study of 102
patients with high-grade NHL, the incidence of tumor
lysis syndrome was reported to be 42% as determined
by serial laboratory testing. The incidence of clinically
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Table 1. Cairo-Bishop definition of laboratory tumor lysis syn-
drome.*’

Uric acid 2476 pmol/L (8 mg/dL) or 25% increase from baseline

Potassium >6.0 mmol/L (6mEg/L) or 25% increase from baseline

Phosphorous >2.1 mmol/L (children) or >1.45 mmol/L (adults) or 25%
increase from baseline

Calcium <1.75 mmol/L or 25% decrease from baseline

Table 2. Cairo-Bishop definition of clinical tumor lysis syndrome.*’

(1) Creatinine: >1.5 ULN (age adjusted)
(2) Cardiac arrhythmia/sudden death

(3) Seizure

signicant tumor, lysis syndrome was only 6% in the
same grouphof'patients. It is extremely important to
recognize that tumor lysis syndrome can occur sponta-
neously, before any intervention.”*

Management

The identication of patients at risk for the develop-
ment of tumor lysis syndrome is the most important
aspect of management so that prophylactic measures
may be implemented before the initiation of therapy.
Most of the complications can be readily managed
when they are recognized early. However, delay in
recognition and initiation of treatment of tumor lysis
syndrome can be life-threatening. In addition, a recent
cost analysis looking at acute renal failure, length of
stay and total cost, demonstrated that those patients
who went on to develop acute renal failure requiring
dialysis had up to 2 to 3 times the length of stay and
more than 5 times the cost.**

Serum creatinine, blood urea nitrogen, sodium,
potassium, calcium, phosphorous, LDH and uric acid
levels should be determined before therapy and every
4-6 hours for the first 48-72 hours after the initiation of
tumor therapy. Patients should have a baseline electro-
cardiogram and continuous cardiac monitoring until
the completion of treatment. Ideally, all patients
should receive intravenous hydration 24-48 hours
before the initiation of tumor therapy.”

Fluids and hydration

Aggressive hydration and diuresis are fundamental
to the prevention and management of tumor lysis syn-
drome.?”* In general, patients should be hydrated with
approximately 3 L/m’/day. Administration of mannitol
may be considered if sufficient diuresis cannot be



achieved with intravenous hydration alone. The use of
sodium bicarbonate to alkalinize the urine has tradi-
tionally been recommended as part of tumor lysis syn-
drome prevention and management strategies.”
However, while alkaline urine promotes the excretion
of uric acid, it does not substantially increase the solu-
bility of xanthine and hypoxanthine.”* Moreover,
xanthine has low solubility (5 mg/dL at pH 5.0 and 13
mg/dL at pH 7.0).” In situations in which levels of
these metabolites are increased, such as after allopuri-
nol treatment, this can lead to the precipitation of xan-
thine crystals in renal tubules, potentially resulting in
xanthine obstructive uropathies. Based upon the
potential complications associated with alkalinization,
such as metabolic alkalosis and calcium phosphate
precipitation, and the lack of clear evidence of benefit,
the use of sodium bicarbonate for the prevention and
treatment of tumor lysis syndrome is currently not rec-
ommended.

Allopurinol

In addition to hydration, it is necessary to adminis-
ter a hypo-uricemic agent, either allopurinol or rasburi-
case, before the initiation of therapy. Allopurinol is a
potent inhibitor of xanthine oxidase and blocks the
conversion of hypoxanthine and xanthine to uric
acid.” Although allopurinol prevents new uric acid fors
mation, it does not reduce the amount of uric acid
already present. Thus, allopurinol needs to be initiated
2-3 days before the initiation of cytotoxie~therapy.
Allopurinol is generally given at a dose of atleast 300
mg/m’day.® It is known to interfere with-the degrada-
tion of 6-mercaptopurine, 6-thioguanine,(and azathio-
prine through inhibition of the p450ypathway. Thus
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Figure 2. Uric acid AUC 0-96hr mg/dL/hr by treatment comparing
all patients versus a subgroup with hyperuricemia.

the dose of allopurinolsshould be reduced 50-75% in
patients receiving these chemotherapeutic agents.

Recombinant urate oxidase (Rashuricase)

An alternative to inhibiting uric acid formation is to
promote the,catabolism of uric acid to allantoin by uric
acid oxidase. Allantoin is 5 to 10 times more soluble in
the urine than uric acid. The gene encoding urate oxi-
dase has now been cloned from Aspergillus flavus,
allowing production and purification of the recombi-
nant enzyme (rasburicase). Although initial studies
were performed using rasburicase daily for 5-7 days,
subsequent studies have demonstrated that less fre-
quent dosing is sufficient. A median of three doses
were administered per patient on the North American
compassionate use trial.”

In a multicenter trial, 52 pediatric patients with

Table 3. Cairo-Bishop grading/system.for tumor lysis syndrome.

Grade 0% Grade | Grade Il Grade Il Grade IV Grade V
LTLS - + + + + +
Creatinine’ 1.5x ULN 1.5x ULN >1.5-3.0 x ULN >3.0-6.0 x ULN >6.0 UNL Death®
Cardiac arrhythmia*  None Intervention Non-urgent medical Symptomatic and Life-threatening Death’
not indicated intervention indicated incompletely controlled (e.g. arrhythmia

medically or controlled associated with CHF,

with device hypotension, syncope,

(e.g. defibrillator) shock)
Seizure?! None One brief generalized Seizure in which consciousness  Seizure of any kind which ~ Death®

seizure; seizure(s) well
controlled by anti-

convulsants or infrequent
focal motor seizures not

interfering with ADL

is altered; poorly controlled
seizure disorder; with
breakthrough generalized
seizures despite

medical intervention

is prolonged, repetitive
or difficult to control
(e.g. status epilepticus,
intractable epilepsy)

*No laboratory TLS; *Not directly or probably attributable to a therapeutic agent; *Attributive probably or definitely to CTLS. TLS=tumor lysis syndrome; LTLS=labora-
tory tumor lysis syndrome; ULN=upper limit of normal; CHF=congestive heart failure; ADL=activities of daily living; CTLS=clinical tumor lysis syndrome. ©Cairo MS,
Bishop M. Tumour lysis syndrome: new therapeutic strategies and classification (2004). Originally published in British Journal of Haematology, Blackwell Publishing

Ltd. 127, 3-11.
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hematologic malignancy at high risk for tumor lysis
syndrome were randomly assigned to receive allopuri-
nol or rasburicase. Uric acid levels significantly
decreased by 85% with rasburicase compared with
12% with allopurinol within 4 hours of drug adminis-
tration. The mean area-under-the-curve (uric acid plas-
ma concentration versus time) was significantly lower
for patients treated with rasburicase (128 mg/dL/hour
+70) compared to those receiving allopurinol (329
mg/dL/hour+129) (p<0.0001), for a 2.6 fold decrease in
uric acid exposure in the rasburicase versus allopurinol
treatment groups (Figure 2)."

Pui et al. administered rasburicase IV at doses up to
0.2 mg/kg in 131 pediatric patients with newly diag-
nosed leukemia or lymphoma. They found rapid
decrease in uric acid levels from 9.7 to 1 mg/dL within
4 hours of treatment in patients with hyperuricemia
and a further decrease to 0.5 mg/dL within 24 hours
after rasburicase administration. Serum phosphorous
and creatinine concentrations also decreased signifi-
cantly within 1-3 days."***

The Groupe d’Etude des Lymphomes de 'Adulte Trial on
Rasburicase Activity in Adult Lymphoma (GRAAL1) study
evaluated the efficacy and safety of prophylactic ras-
buricase therapy in 100 adult patients with aggressive
NHL during the first course of chemotherapy.®
Rasburicase was given to all subjects and uric acid lev-
els were then measured at 4 hours. All of the patients
responded to rasburicase with normalization of uric
acid and none exhibited increased creatinine levels or
required dialysis.

Additional management

Attempts should be made to correct fluid overload,
dehydration, electrolyte and acid:base abnormalities,
and to establish adequate urinary” output before the
initiation of therapy. Hyperkalemia and hyperphos-
phatemia should be treated/expediently according to
standard measures. Treatment of asymptomatic hypo-
calcemia is generally not recommended. In patients
with symptomatic hypocalcemia, intravenous calcium
gluconate (50-100 mg/kg per dose) may be adminis-
tered to correct the clinical symptoms. However, this
may increase the risk of calcium phosphorus deposi-
tion and acute obstructive uropathy. For patients who
have acute renal failure, signicant uremia, or severe
electrolyte abnormalities associated with tumor lysis
syndrome, hemodialysis should be initiated as soon as
possible. Continuous hemofiltration has been used to
correct fluid overload and electrolyte abnormalities
associated with tumor lysis syndrome in children.’®
Any delay in starting hemodialysis for acute renal fail-
ure may turn a potentially reversible clinical situation
into an irreversible one.®
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Future considerations

In this issue of the journal, Montesinos et al. have
published a single center review analyzing the inci-
dence and outcomes of tumor lysis syndrome in 130
adult patients with AML.* This is the largest study to
date of this population and highlights the importance
of continuing to recognize patients outside the usual
defined risk groups. In their review, 17% of the
patients had tumor lysis syndrome, 5% meeting crite-
ria for CTLS. Importantly, their data shows that 25%
of the patients met laboratory or clinical criteria prior
to the initiation of chemotherapy, emphasizing the
wider recognition of spontaneous tumor lysis syn-
drome as a significant entity.

The authors go on to develop a predictive model to
identify high-risk patients who need more aggressive
measures, such as rasburicage ‘and/or hemodialysis.
This scoring system is bagedyupon the definitions of
LTLS and CTLS alreadyproposed here, but with signif-
icant changes. Mest(importantly, the authors suggest
that creatinine >14 be Used as a criteria for LTLS rather
than CTLS and that only oliguria or hemodialysis be
used as clinical criteria for renal complications. In fact,
care must-be~taken in limiting renal complications to
oligtrie renal failure as many patients with high output
renal failure may be missed. Additionally, a rise in cre-
atinine above baseline is often the earliest clinical indi-
cator of worsening renal dysfunction. Therefore,
patients with significant changes above baseline should
be considered as having CTLS and managed according-
ly. This is supported by the presented data that elevat-
ed creatinine is an equal risk factor for both LTLS and
CTLS. In addition, their data supports the need to iden-
tify CTLS early as this was shown to increase induction
mortality rates among patients. Their findings, that ele-
vated LDH and uric acid levels at presentation remain
important risk factors for CTLS, corroborate previous-
ly published data linking high uric acid with the devel-
opment of renal impairment.® It is important that
groups continue to examine risk factors and outcomes
for tumor lysis syndrome, especially in the age of ras-
buricase when complications from tumor lysis syn-
drome should remain limited.

Summary

Successful management and treatment of tumor lysis
syndrome is highly dependent on the prompt identica-
tion of clinical and laboratory characteristics, signs and
symptoms of patients at risk. Establishment of vascu-
lar access and the initiation of prophylactic measures,
especially hydration and administration of allopurinol
or rasburicase, are vital. The early recognition and
treatment of metabolic abnormalities usually prevents
the severe and life-threatening complications associat-
ed with tumor lysis syndrome.
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