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five-daily doses in patients at risk for tumor lysis
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Background: Tumor lysis syndrome (TLS) is a life-threatening disorder characterized by hyperuricemia and
metabolic derangements. The efficacy of rasburicase, administered daily for 5 days, has been well established.

However, the optimal duration of therapy is unknown in adults.

Patients and methods: \We evaluated the efficacy of rasburicase (0.15 mg/kg) administered as single dose followed
by as needed dosing (maximum five doses) versus daily dosing for 5 days in adult patients at risk for TLS.
Results: Eighty of the 82 patients enrolled received rasburicase; 40 high risk [median uric acid (UA) 8.5 mg/dl; range,
1.5-19.7] and 40 potential risk (UA = 5.6 mg/dl; range, 2.4-7.4). Seventy-nine patients (99%) experienced normalization
in their UA within 4 h after the first dose; 84% to an undetectable level (<0.7 mg/dl). Thirty-nine of 40 (98%) patients in the
daily-dose arm and 34 of 40 (85%) patients in single-dose arm showed sustained UA response. Six high-risk patients
within the single-dose arm required second dose for UA >7.5 mg/dl. Rasburicase was well tolerated; one patient with
glucose-6-phosphate dehydrogenase deficiency developed methemoglobinemia and hemolysis.

Conclusions: Rasburicase is highly effective for prevention and management of hyperuricemia in adults at risk for TLS.
Single-dose rasburicase was effective in most patients; only a subset of high-risk patients required a second dose.
Key words: hematologic malignancy, hyperuricemia, rasburicase, tumor lysis syndrome

introduction

Tumor lysis syndrome (TLS) is a potentially life-threatening
complication resulting from massive lysis of malignant cells and is
most frequently observed in patients with rapidly proliferating,
bulky, and chemosensitive malignancies [1-3]. TLS is characterized
by rapid release of intracellular metabolites from lysed malignant
cells into the blood stream. The resulting metabolic derangements
include hyperuricemia, hyperkalemia, hyperphosphatemia, and
hypocalcemia and can lead to acute renal failure, cardiac
arrhythmias, seizures, and death [1-3]. Hyperuricemia, a common
manifestation of TLS, results from rapid catabolism of purine-
containing nucleic acids from tumor cells and can lead to renal
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insufficiency when uric acid (UA) precipitates into the renal tubules
and distal collecting system [3, 4].

The prevention and management of TLS include aggressive
hydration and reduction in the plasma UA levels by drugs that
decrease production or increase excretion of UA [3, 5, 6].
Allopurinol decreases the new production of UA by inhibiting
enzyme xanthine oxidase and blocking oxidation of xanthine
and hypoxanthine into UA [3, 7]. Therefore, following
allopurinol administration, there is a time lag for reduction in
UA levels. In contrast, rasburicase, a recombinant urate
oxidase, rapidly reduces UA by catalyzing the conversion of the
existing pool of UA into allantoin which is 5-10 times more
soluble in urine than UA [3, 7].

While the efficacy of rasburicase has been well established for
pediatric patients [8, 9], it has recently been approved in adult
patients at high risk for developing TLS, to be administered at
0.2 mg/kg dose once daily for up to 5 days [10, 11]. Although
activity has been seen with lower doses of rasburicase and
shorter duration of treatment including a single dose, in smaller
studies [12-20], the optimal dosing and duration of rasburicase
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has not been established for adults. Based on this rationale,
we designed a study to evaluate the efficacy of rasburicase
administered as a single dose as compared with fixed

5-day dosing in adults with hematologic malignancies at risk
for TLS.

patients and methods

patients

Patients with hematologic malignancies were eligible if they had Eastern
Cooperative Oncology Group (ECOG) performance status 0-3, life
expectancy of >3 months, and were at high risk or potential risk for TLS. High
risk was defined as presence of hyperuricemia (plasma UA levels >7.5 mg/dl)
or a diagnosis of very aggressive lymphoma or leukemia based on the Revised
European American Lymphoma classification [3, 10, 21, 22]. Potential risk
was defined as aggressive lymphoma or leukemia with lactate dehydrogenase
more than or equal to upper limit of normal, stage >3 disease or stage 1 or 2
disease with at least one lymph node/tumor >5 cm in size. Patients with
history of asthma, severe allergy, known glucose-6-phosphate dehydrogenase
(G6PD) deficiency, and use of allopurinol within 72 h were excluded. The
study was approved by the Institutional Review Board, and written informed
consent was obtained from all patients before study entry.

study drug

Rasburicase was provided by Sanofi-aventis, in the vials of 1.5 mg of active
substance to be reconstituted in 1 ml of reconstitution solution. The
predetermined dose of rasburicase was mixed with 0.9% of sterile sodium
chloride to achieve the final volume of 50 ml.

study design

In this randomized, controlled open-label trial, the eligible patients were
stratified based on their risk for TLS (high risk or potential risk) and
randomized 1 : 1 into arm A or arm B. Rasburicase was administered at
a dose of 0.15 mg/kg i.v. over 30 min at least 4 h (no more than 24 h) before
initiation of anticancer therapy. Patients on arm A received a single dose on
day 1. Any subsequent doses (maximum five doses) were administered only
if plasma UA levels were >7.5 mg/dl. Patients on arm B received rasburicase
at the same dose daily for 5 days. Patients were monitored for adverse
events with frequent clinical assessments. Plasma samples for UA were
collected at baseline before rasburicase, 4- and 24-h post-rasburicase, and
daily during treatment. The blood samples for UA during the course of
treatment were collected in prechilled tubes containing heparin and
immediately immersed and transported on ice and analyzed within 4 h of
collection. Serum electrolytes, blood urea nitrogen, creatinine, calcium, and
phosphorous were monitored daily during this period.

study end points

The primary end point of the study was the plasma UA response rate,
defined as normalization of plasma UA levels within 48 h after the start of
study drug and maintaining within the normal range after the final drug
infusion on day 5. Secondary end points included evaluation of plasma UA
exposure as assessed by the area under curve (AUC) of UA over 5-day
period, the number of doses required (during days 2—5) to maintain plasma
UA within normal range in arm A, renal insufficiency, electrolyte
abnormalities, and clinical safety.

statistical analysis

This study was designed to estimate the UA response rate of arm A
(investigational arm). The control arm (arm B) was used to avoid selection
bias. Therefore, power calculations were based on exact binomial test for
the single proportion. Forty assessable patients in the arm A provide 95%
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power to positively detect 85% UA response rate against an assumed
response rate of 99% in arm B, also containing 40 patients, with a one-sided
confidence at the 0.05 significance level. Alternatively stated, with 40 patients
per arm, the 95% two-sided confidence interval of the difference in response
rate between the two treatment arms were predicted to have a width of 0.12,
assuming the UA response rate of the control arm being 0.99 and the
investigational arm reaching 0.85. The areas under the plasma UA
concentration versus time (days 1-5) curves were calculated using trapezoidal
rule [23]. Comparisons of total AUC between arm A and arm B were
conducted using standard #-test. All statistical analyses were conducted under
the intent-to-treat principle using SAS (SAS version 9.1.3; SAS Institute,
Cary, NC). All tests were two-sided at a significance level of 0.05.

results

patients

Eighty-two patients were enrolled between February 2008 and
February 2010 (Figure 1). Two patients withdrew consent and
80 patients were randomized; 40 to the arm A and 40 to the
arm B. The patients in both arms were balanced with regards to
gender, age, diagnosis, and their TLS risks (Table 1), with slightly
higher proportion of patients with ECOG performance status of
22 on arm A. About half the patients in each arm were classified
as high risk for TLS, and over one-third of the patients (35%—
38%) exhibited hyperuricemia at baseline. Over 90% of patients
had diagnosis of ‘aggressive’ or ‘very aggressive’ lymphoma/
leukemia and received anthracycline-based chemotherapy.

plasma UA response to rasburicase

All 80 patients received at least one dose of rasburicase and
were assessable for clinical safety and response to rasburicase.
The plasma UA levels rapidly declined within 4 h to
undetectable levels in the vast majority (84%) of patients and
normalized in all but one patient (n = 79, 99%) within 24 h
after the first dose (Figure 2). Plasma UA remained low during
the study period in 98% of patients (39 of 40) receiving daily
dosing of rasburicase (arm B). In the single-dose arm (arm A),
the UA also remained within normal range in 85% (34 of 40) of
patients, including all at potential risk and the majority of
patients in the high-risk group (Figure 2). The AUC (1-120 h
in mg/dl X h) for plasma UA was significantly lower in patients
in arm B than in arm A (90.7 = 5.3 versus 203.4 * 13.9,

P < 0.0001) as shown in Figure 2. Arm B patients experienced
a lower exposure of plasma UA as compared with arm A both
in the high-risk subgroup (101.7 = 10.3 versus 242.6 * 21.3,
P < 0.0001) and the potential-risk group (80.8 = 3.0 versus
157.7 = 9.3, P < 0.0001).

The UA response (i.e. normalization and maintenance within
the normal range during study) was seen in 39 of 40 patients
(98%) in arm B. The single patient who was classified as
‘nonresponder’ was removed from the study after first dose due
to development of a serious adverse event. Within arm B, UA
response rate was 100% (21 of 21 patients) in the potential-risk
group and 95% (18 of 19 patients) in the high-risk group.

The UA response in the single-dose arm (arm A) was
observed in 85% of patients (34 of 40 patients). The response
rate was 100% (19 of 19 patients) in the potential-risk group
and no patient required a second dose. In the high-risk group,
15 of 21 patients (71.4%) experienced a sustained UA
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Figure 1. CONSORT diagram. Patient enrollment and randomization.

response to a single dose; only 5 patients in this subgroup
required a second dose for UA >7.5 mg/dl (Figure 2) during
days 2-5 (2 patients on day 3, 1 patient on day 4, and 2
patients on day 5). All five patients had very aggressive
lymphoma and/or bulky disease and none of these patients
required more than two doses (Table 2). Furthermore, one
patient with baseline evidence of TLS, in whom chemotherapy
was delayed by 4 days, required two doses upon chemotherapy
initiation.

incidence of emergent TLS, renal insufficiency, and
clinical safety parameters

A small proportion of patients had evidence of spontaneous
laboratory TLS (12.5% on arm A and 2.5% on arm B) before
initiation of chemotherapy (Table 1). During the study period,
several patients developed evidence of clinical TLS (none on arm
A and 7.5% on arm B) and/or laboratory TLS (35% on arm A
and 27.5% on arm B) (Table 3). All patients with elevated
baseline serum creatinine levels (25% on arm A and 15% on arm
B) experienced decreases of serum creatinine levels toward
normal during rasburicase treatment; 75% (12 of 16 patients)
achieved serum creatinine within a normal range. Notably, only
two patients (one on each arm) required dialysis on the study.
One patient (arm A) with spontaneous TLS and baseline
plasma UA of 18.4 mg/dl responded to rasburicase with
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normalization of UA within 1 day; however, his chemotherapy
was delayed by 4 days after rasburicase. This patient developed
hyperkalemia (serum K, 7.1 meq/l) on day 2 of chemotherapy
and hyperuricemia (UA = 22.1 ng/ml) and required slow
low-efficiency dialysis (SLED) alternating with hemodialysis.
His UA levels became undetectable after two doses of
rasburicase and his electrolytes normalized.

Another patient (arm B), who presented with history of
hypertension and chronic renal insufficiency, high-tumor burden,
spontaneous TLS with hyperuricemia (UA = 16.1 ng/ml), and
elevated serum creatinine (2.3 mg/dl) at initial assessment. This
patient was placed on continuous SLED in anticipation of
worsening renal function. This patient’s UA normalized (UA = 3.9
ng/ml) within 4 h of first dose of rasburicase. However, he
subsequently developed methemoglobinemia (methemoglobin,
7.6%) and hemolytic anemia (hemoglobin, 9.2 g/dl) characterized
by hypoxia with O, saturation 80% that did not improve with
100% non-rebreathing O, mask. In this patient, rasburicase was
discontinued and methylene blue was administered, which resulted
in a decrease in the methemoglobin levels to 3.8%. However, the
treatment was associated with hemolysis as evidenced by a decline
in hemoglobin from 9.2 to 6.5 g/dl, increases in free hemoglobin
and urine hemosiderin, decrease in serum haptoglobin, and
peripheral smear showing precipitated hemoglobin in >80% of
erythrocytes. The patient was subsequently found to have
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Table 1. Patient characteristics

Arm A Arm B
(single dosing) (daily dosing)

Number of patients 40 40
Male/female (N) 30/10 30/10
Median age (range), years 62 (27-82) 58 (27-81)
ECOG >2 16 (40) 11 (27.5)
Diagnosis

Diffuse large B-cell lymphoma 27 (67.5) 23 (57.5)

Mantle cell lymphoma 7 (17.5) 9 (22.5)

Burkitt’s lymphoma 1(2.5) 2 (5)

Others 5 (12.5) 6 (15)
Risk for TLS

High risk 21 (51.5) 19 (47.5)

Potential 19 (47.5) 21 (51.5)
Baseline plasma uric acid

>7.5 mg/dl 15 (38) 14 (35)

<7.5 mg/dl 25 (62) 26 (65)
Baseline LDH > 2x ULN 11 (27.5) 12 (30)
Baseline creatinine elevated (>ULN) 10 (25) 6 (15)
Spontaneous TLS*

Laboratory TLS 5 (12.5) 1(2.5)

Anthracyclin-based chemotherapy 37 (92.5) 35 (87.5)

Values are given as N (%) unless stated otherwise.

*Presence of tumor lysis syndrome before initiating chemotherapy.
ECOG, Eastern Cooperative Oncology Group; TLS, tumor lysis syndrome;
LDH, lactate dehydrogenase; ULN, upper limit of normal.

previously unrecognized G6PD deficiency and was managed with
ascorbic acid and red cell transfusions.

In general, treatment with rasburicase was well tolerated. The
most frequent (experienced by >10% of patients) adverse
events reported were gastrointestinal in origin, in these patients
that were also receiving chemotherapy. These side-effects were
mild to moderate in severity and lower in frequency in the
single-dose arm as compared with the daily-dosing arm, with
nausea (12.5% versus 32.5%), constipation (15% versus
32.5%), diarrhea (5% versus 12.5%), and vomiting (0% versus
15%). The incidence of hypersensitivity reactions was low; two
patients had skin rash/pruritus, three patients experienced
shortness of breath during infusion, nonetheless, no patient
developed anaphylactic reactions. In addition, one patient with
no prior history of gout experienced an acute episode of gouty
arthritis of right elbow 10 days after a dose of rasburicase;
this was during rising UA level after UA had been undetectable
for 5 days. The diagnosis of gout was confirmed by the presence
of urate crystals in the fluid aspirated from elbow joint.

discussion

TLS and hyperuricemia are serious complications with
significant morbidity and potential mortality in patients with
hematologic malignancies undergoing anticancer therapy
[1-4]. Allopurinol has been used for many years in the
prevention and management of TLS-related hyperuricemia.
However, allopurinol should be administered for >3 days for
the achievement of significant reduction in UA levels.
Rasburicase offers potential advantage over allopurinol by its
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Figure 2. (A) Plasma uric acid (UA) levels (mean = SEM) during the
study period. Left panel shows plasma UA profile over the study period in
arm A stratified by the risk group. Right panel shows plasma UA profile
over the study period in arm B stratified by the risk group. (B) Timing of
a second dose of rasburicase in a subset of high-risk patients within arm A
requiring additional therapy. Five patients needed a second dose of
rasburicase during the study period (days 2-5). Two patients on day 3, one
patient on day 4, and two patients on day 5.

rapid onset of action, reducing preexisting pool of UA within
few hours [3].

Rasburicase was initially approved by the US Food and Drug
Administration (FDA) for the management of TLS in the
pediatric setting, based on a randomized controlled phase III
clinical trial whereby rasburicase (0.15 or 0.2 mg/kg) was
administered for five consecutive days [8, 9]. This drug was also
used in adult patients in an ‘off label’ manner for several years,
based on unmet medical need mainly for the management
of adults with TLS. More recently, rasburicase at a dose of
0.2 mg/kg for up to 5 days was FDA approved in adult
patients based on phase III study involving multiple-day
dosing [10, 11]. However, several smaller noncontrolled
studies involving retrospective case series have suggested shorter
duration of treatment to minimize the cost [12-20]. Our study
was focused on patients who have intermediate risk or high risk
for TLS in which debate persists on the usage of single versus
multiple doses of rasburicase. The results of our randomized
study showed that single dose of rasburicase was effective in
maintaining the UA levels within the normal range in the vast
majority of patients and only small subset with aggressive disease
and high-risk features required a second dose.

In this study, all patients except for one normalized their UA
within 4 h, including high-risk patients and those with
laboratory evidence for TLS. In fact, UA declined to
undetectable levels in 84% following a single dose and
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Table 2. Clinical features of five high-risk patients requiring two doses of rasburicase (arm A)

Patient Sex Age Diagnosis Ki-67%

Acc No. (years) positive Cells*
20 F 71 DLBCL (high grade) >95%

21 M 61 DLBCL (transformed) 80%-90%

28 M 27 Burkitt-like lymphoma 100%

39 M 58 DLBCL (high grade) 95%

71 M 51 Burkitt lymphoma >95%

C-MYC** Baseline uric Baseline Baseline
acid (mg/dl) creatinine (mg/dl) LDH (IU/1)

I 8.9 1.1 4867

+ 13.9 1.4 1994

+ 11.6 1.1 2931

+ 12.1 0.9 1356

+ 7.1 0.9 687

LDH, lactate dehydrogenase; DLBCL, diffuse large B-cell lymphoma; F, female; M, male.

*Proliferative index by immunohistochemical stain for Ki-67.

**C-MYC gene rearrangement positive by fluorescence in situ hybridization studies.

Table 3. Incidence of tumor lysis syndrome and renal events

Arm A Arm B
(single dosing),  (daily dosing),
N (%) N (%)
Number of patients 40 (50) 40 (50)
Clinical tumor lysis syndrome [7] 0 (0) 3 (7.5)
Laboratory tumor lysis syndrome [7] 14 (35) 11 (27.5)
Hyperuricemia 13 (32.5) 11 (27.5)
Hyperphosphatemia 16 (40) 12 (30)
Hypocalcemia 28 (70) 20 (50)
Hyperkalemia 1(2.5) 1(2.5)
Renal events
Increased serum creatinine 0 (0) 4 (10)
Renal events requiring dialysis® 1(2.5) 1(2.5)

“Both patients had preexisting chronic renal insufficiency.

remained undetectable in the daily-dosing arm. Although
persistently high-UA levels are associated with renal
insufficiency [4, 24, 25], the potential advantage of
undetectable UA levels, if any, are unknown at present. In this
study, serum creatinine normalized in 12 of 16 patients who
presented with elevated levels. Despite evidence for
laboratory TLS in about one-third, only two patients
required dialysis, one due to history of chronic renal
insufficiency and multiple comorbidities and the other due to
the emergence of clinical TLS with his chemotherapy being
delayed by 4 days post-rasburicase. Thus, rasburicase
appeared to be effective in preventing renal complications by
controlling UA; this is consistent with previous observations
of the suggested ability of rasburicase to prevent or reverse
acute kidney injury in pediatric patients at risk or with TLS
8, 26].

The treatment with rasburicase was generally well tolerated
with minimal gastrointestinal toxicity, observed in daily dosing
slightly more than in the single-dose arm. The serious adverse
events were equal in both arms and were mostly related to
the treatment of the underlying disease. A similar pattern of
adverse events were observed in the prior studies [8—10].

One patient with previously unknown glucose-6-phosphate
deficiency, in the daily-dosing arm, developed
methemoglobinemia and hemolysis that was exacerbated with
methylene blue. The use of rasburicase is contraindicated in
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G6PD-deficient patients since their erythrocytes cannot
generate nicotinamide adenine dinucleotide phosphate
efficiently [11]. Although it is reccommended to screen patients
at higher risk for G6PD deficiency (e.g. patients with African
or Mediterranean ancestry) before rasburicase, it is not
practical to wait for the test results and delay therapy in high-
risk patients. In clinical studies, the incidence of
methemoglobinemia and/or hemolysis is very low (<1%)
[27-30]. However, the treatment with methylene blue in
G6PD-deficient patients is contraindicated as it may
precipitate hemolysis due to increased oxidative stress, as was
seen in our patient. In addition, we observed acute episode of
gouty arthritis in a patient with no prior history of gout,
during rising UA level. It is well known that sudden changes in
UA levels in patients with gouty diathesis can precipitate an
acute attack of gout [31, 32]. To our knowledge, this is the
first report describing this phenomenon in patients receiving
rasburicase, suggesting the need for careful monitoring of UA
over time.

In summary, the results of our randomized study
demonstrate that rasburicase is a highly effective uricosuric
agent for the prevention and management of hyperuricemia
associated with TLS. All patients at potential risk and majority
of high-risk patients responded to a single dose, indicating
that in appropriately monitored patients single dose followed
by dosing as needed can be cost saving. In patients with high-
risk features and/or the presence of TLS, several doses may be
necessary as per the clinical judgment, based on the biological
abnormalities. Methemoglobinemia and hemolysis are rare,
yet important toxic effects that need prompt diagnosis and
management.
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