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to determine background interference in the detection of
anti-rasburicase immunoglobulin. If the samples were
positive for anti-rasburicase antibodies on day 29, then
further blood samples were collected from the patient at
6 months (&2 weeks) and every 6 months (42 weeks)
thereafter until the sample was negative. Samples that were
antibody positive were analyzed for inhibition of rasburi-
case uricolytic activity. Anti-S. cerevisiae protein (SCP)
antibodies were also assessed by ELISA at baseline.

2.6 Pharmacokinetics

The pharmacokinetic assay was performed in 10 patients
(weight >10 kg) in each dose group at the following 10
timepoints: Day 1, before rasburicase administration
(within 10 min of the start of administration), at the end
of the first administration (within 10 min following
completion of administration), 4 and 8 h (£10 min) after
the start of administration; day 2, before rasburicase
administration (within 10 min of the start of administra-
tion); and day 5, before rasburicase administration (within
10 min of the start of administration), at the end of
administration, 4, 8, and 24 h (£10 min) after the last
administration. A total sample of 10 mL from each
patient was immediately centrifuged at <4°C and then
frozen until assay. Frozen samples were sent to the lab-
oratories (SBI-BIO, Paris, France), where they were
assayed concomitantly.

The following pharmacokinetic parameters were deter-
mined: area under the rasburicase plasma concentration—
time curve from 0 to 24 h (AUCy »4) on days 1 and 5;
minimum rasburicase plasma concentration observed
before treatment administration during repeated dosing
(Cmin) on days 1 and 5; plasma concentration of rasburi-
case at the end of infusion (C,;) on days 1 and 5; terminal
half-life (f,,,) on day 5; and accumulation ratio for
AUCq 24 and C,,; (defined as the ratio of day 5 to day 1 for
AUCy 4 and C.). Rasburicase plasma concentrations
were determined by ELISA.

2.7 Statistical analysis

All patients who received at least one dose of rasburicase
were evaluated for efficacy and safety. The RR, with 95%
exact binomial confidence intervals (Cls), was calculated
as the number of responding patients divided by the
number of evaluable patients multiplied by 100. Patients
who failed to complete days 1-5 of treatment, for reasons
other than hyperuricemia, were considered as nonevalu-
able for RR. Descriptive statistics were used to summa-
rize uric acid concentrations, and change from baseline
and the rate of plasma uric acid concentration decline
over time.

For the purposes of the statistical analysis, the study had
a planned sample size of 30 patients, i.e. 15 in each dose
group (0.15 and 0.20 mg/kg). Assuming that the true RR
would be 95% in each dose group, the probability of at
least one failure among 15 patients treated with each dose
of rasburicase would be 79%, with an expected lower 95%
CI of 71%. Based on a sample size of 15 patients per dose
group, it could therefore be concluded with 95% confi-
dence that the true RR would be at least 71%.

Pharmacokinetic parameters for rasburicase were
determined using WinNonlin Professional Edition software
(version 3.3 Pharsight Corp, Mountain View, CA, USA)
using a noncompartmental method. To assess drug accu-
mulation from day 1 to day 5, the parameters AUCq 4 and
C..; were analyzed using the linear mixed-effects model:

Log (parameter) = dose + day -+ dose x day
-+ patient (dose) + error

Fixed-effect terms included dose (0.15 and 0.20 mg/kg),
day (1 and 5), and the interaction term dose by day. The
random-effect term was patient within dose. The model
was estimated using generalized least squares (GLS) with
restricted maximum likelihood (REML) estimates of
random effects, using SAS® PROC MIXED.

The 95% Cls for the variance estimates were computed
using the simple chi-squared method for within-patient
variance, the Modified Large Sample procedure for
between-patient variance, and the Graybill-Wang proce-
dure for the total-patient variance [15].

3 Results
3.1 Patients

Between June 2005 and April 2006, 31 patients were
enrolled and 30 patients were subsequently randomized
and treated (rasburicase 0.15 mg/kg, n = 15; rasburicase
0.20 mg/kg, n = 15). One enrolled patient was not ran-
domized to treatment because of an ineligible ALT level.
This patient was excluded from the efficacy and safety
analyses.

Patient baseline characteristics were similar between the
rasburicase dose groups (Table 1). The median age was
8.8 years, and over half of the patients (53.3%) were aged
between 6 and 12 years. Overall median weight was
30.8 kg, and one patient weighed <10 kg. Most patients
had an ECOG performance status of 0 (40%) or 1 (40%). A
total of 43.3% of patients were hyperuricemic, and 73.3%
of patients had acute leukemia. All patients were classified
as high risk for TLS in accordance with the inclusion cri-
teria (i.e. had a newly diagnosed hematologic malignancy
with hyperuricemia or a high tumor burden).
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Table 1 Baseline

characteristics of randomized Rasburicase Total (n = 30)
patients 0.15 mg/kg (n = 15) 0.20 mg/kg (n = 15)

Age (years)

Median 11 7 9

Range 1-17 0-16 0-17

Age group, n (%)

<2 years 1(6.7) 1(6.7) 2(6.7)

2-5 years 2(13.3) 4 (26.7) 6 (20.0)

6-12 years 7 (46.7) 9 (60.0) 16 (53.3)

13-17 years 5(33.3) 1(6.7) 6 (20.0)

Male/female, n (%)
Weight (kg)

9/6 (60.0/40.0)

10/5 (66.7/33.3) 19/11 (63.3/36.7)

Median 44.7 25.5 30.8
Range 10.2-70.3 5.7-49.7 5.7-70.3
ECOG performance status, n (%)
0 7 (46.7) 5(33.3) 12 (40.0)
1 5(33.3) 7 (46.7) 12 (40.0)
2 0 (0.0) 3 (20.0) 3 (10.0)
3 3 (20.0) 0 (0.0) 3(10.0)
Hyperuricemic, n (%)*
ECOG Eastern Cooperative Yes 8 (53.3) 3 (33.3) 13433
Oncology Group No 7 (46.7) 10 (66.7) 17 (56.7)
? Defined as uric acid >7.5 mg/ Diagnosis, n (%)
dL in patients >13 years or uric Malignant lymphoma 6 (40.0) 2 (13.3) 8 (26.7)
acid >6.5 mg/dL in patients Acute leukemia 9 (60.0) 13 (86.7) 22 (73.3)

<13 years at baseline

3.2 Administration of rasburicase

Twenty-nine of 30 patients completed days 1-5 of treat-
ment; one patient in the rasburicase 0.20 mg/kg group
withdrew from the study on day 1 after the first adminis-
tration of rasburicase due to the lack of WBC count at
baseline. Another patient (0.15 mg/kg group) completed
5 days of treatment but withdrew from the study on day 8
to avoid life-threatening complications due to three con-
comitant grade 4 AEs (cerebral hemorrhage, brain edema,
and brain herniation). Fifteen patients in the 0.15 mg/kg
group and 14 patients in the 0.20 mg/kg group were
therefore evaluable for response.

3.3 Efficacy

The overall RR for all patients was 96.6% (95% CI 82.2—
99.9%) (Table 2). The RR was slightly higher in the ras-
buricase 0.20 mg/kg group than in the 0.15 mg/kg group
(100% [95% CI 76.8-100.0%] vs. 93.3% [95% CI 68.1-
99.8%1).

RRs for patients with hyperuricemia at baseline were
87.5 and 100.0% in the rasburicase 0.15 and 0.20 mg/kg
groups, respectively (Table 2).

@ Springer

Mean plasma uric acid concentrations by dose of ras-
buricase over time are presented in Fig. 1. Rasburicase
produced a rapid decrease in plasma uric acid concentra-
tions in both dose groups. Uric acid levels remained low
throughout treatment in all patients except one non-
responder in the 0.15 mg/kg group. Uric acid levels
declined rapidly within 4 h of the first rasburicase dose in
both dose groups and remained low up to 120 h after the
first administration of rasburicase (Fig. 1). Mean plasma
uric acid concentrations were reduced by 84.8% (95% CI
76.7-92.9%) and 92.9% (95% CI 88.7-97.0%) compared
with baseline at 4 h after the first rasburicase administra-
tion for the 0.15 and 0.20 mg/kg groups, respectively.
Reductions in the level of plasma uric acid were similar
between the two groups at 24 h after the last administration
of rasburicase on day 6 (approximately 88%).

3.4 Safety

Owing to the severity of the underlying disease, all patients
experienced at least one grade 3/4 AE, regardless of ras-
buricase treatment. The most common grade 3/4 AEs were
leukopenia (86.7% of patients), neutropenia (83.3%),
lymphocytopenia (80.0%), and increased ALT levels
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Table 2 Summary of efficacy

Rasburicase dose Total
0.15 mg/kg 0.20 mg/kg
Number of evaluable patients 15 14 29

Responders, n (%) [95% Cl]

CT confidence interval Hyperuricemic

# Measured on day 1, 4 h after Evaluable patients, n

administration of rasburicase.
The rate of uric acid inhibition
(%) was calculated as follows:
(plasma uric acid concentration
at baseline — plasma uric acid
concentration at each timepoint)
divided by (plasma uric acid
concentration at baseline)
multiplied by 100

Responders, n l(%)
Nonhyperuricemic
Evaluable patients, n
Responders, n (%)
Inhibitory rate (%)*
Evaluable patients, n
Mean [95% CI]

14 (93.3) [68.1-99.8%]

14 (100) [76.8-100%] 28 (96.6) [82.2-99.9%]

8 5 13
7 (87.5) 5 (100) 12 (92.3)
7 9 16
7 (100) 9 (100) 16 (100)
15 14 29

84.8 [76.7-92.9]

92.9 [88.7-97.0] 88.7 [84.1-93.3]

—— Rasburicase 0.15 mg/kg

Rasburicase 0.20 mg/kg

Uric acid concentration {mg/dL)

T T T T T d

Baseline 4 24 48
Time (hours)

Fig. 1 Mean plasma uric acid concentration by dose over time.
Patients aged <18 years with newly diagnosed hematologic malig-
nancies with hyperuricemia, or newly diagnosed hematologic malig-
nancies presenting with a high tumor burden regardless of uric acid
level, were randomly allocated (based on stratification by weight {<10
or >10 kg]) to receive rasburicase (SR29142) administered at either
0.15 or 0.20 mg/kg/day for 5 days, followed by chemotherapy
starting from 4 to 24 h after the first infusion of rasburicase

(70.0%). All of these AEs occurred with a similar fre-
quency in both dose groups, with the exception of neu-
tropenia (rasburicase 0.15 mg/kg, 93.3%; rasburicase
0.20 mg/kg, 73.3%). The majority of AEs reported during
the study period were judged by the investigators to be
related to the underlying malignancies and/or chemother-
apy. There was no difference in the safety profiles of ras-
buricase 0.15 mg/kg/day for 5 days and rasburicase 0.20
mg/kg/day for 5 days.

The three grade 4 AEs (cerebral hemorrhage, brain
edema, and brain herniation) experienced by one patient in
the rasburicase 0.15 mg/kg group who withdrew from the
study on day 8, were judged by the investigators to be

unrelated to rasburicase treatment. The patient died after
withdrawal from the study. No other deaths were reported
during the study.

Drug-related AEs occurred in six patients (n = 4 in the
rasburicase 0.15 mg/kg group; n = 2 in the 0.20 mg/kg
group). One patient in the rasburicase 0.20 mg/kg group
experienced grade 3/4 hemolysis; the patient did not have
G6PD deficiency. The risk of rasburicase-induced hemo-
lysis, possibly leading to hemolytic anemia and methe-
moglobinemia, is greater in patients with G6PD deficiency
because of the accumulation of hydrogen peroxide [13].
However, rare cases of rasburicase-induced methemoglo-
binemia have been reported in patients without G6PD
deficiency [12, 16]. Two rasburicase-related AEs occurred
after the administration of rasburicase but before the start
of chemotherapy (grade 1/2 hypersensitivity in the ras-
buricase 0.15 mg/kg group and grade 3/4 anemia in the
rasburicase 0.15 mgtkg group).

Hypersensitivity reactions (all grades) were reported in
8 patients (53.3%) in the 0.15 mg/kg group and 12 patients
(80.0%) in the 0.20 mg/kg group. Grade 3/4 events were
only reported in two patients in the 0.15 mg/kg group: one
patient completely recovered from the hypersensitivity
reaction by day 6, although the other patient experienced
persistent drug hypersensitivity until day 32. However,
these grade 3/4 hypersensitivity reactions were judged to
be unrelated to rasburicase. Only two AEs (hypersensitivity
[grade 1/2] and hemoglobin decreased [grade 1/2]),
observed before chemotherapy, were considered to be
related to rasburicase. Anti-rasburicase antibodies or anti-
SCP antibodies were not observed in any patients with
hypersensitivity reactions.

A slight decrease in serum creatinine levels from base-
line was observed. The mean values (zstandard deviation)
of serum creatinine were 52.3 pumol (+22.6) at baseline,
43.6 umol (16.3) on day 3, and 33.5 pmol (+11.5) on
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day 36 for the 0.15 mg/kg rasburicase group; and
44.4 ymol (£19.1) at baseline, 36.7 pmol (£11.8) on day
3, and 27.1 pmol (£7.1) on day 36 for the 0.20 mg/kg
group. No clinically significant changes were observed for
the other renal function parameters (potassium, phospho-
rous, and calcium) during the study period.

3.5 Antibodies

Anti-SCP antibodies were detected in one patient before
administration of rasburicase 0.20 mg/kg. Anti-rasburi-
case antibodies were detected in another patient in this
group on day 29 and the patient tested negative for
antibodies 6 months after the first administration. Neither
patient experienced a hypersensitivity reaction during the
study.

3.6 Pharmacokinetics

Blood samples to determine plasma concentrations of ras-
buricase were collected from 20 patients, 10 in each dose
group. One patient in the 0.20 mg/kg dose group was
excluded due to only two samples having been collected on
day 1 of the study. Therefore, 19 patients were evaluable
for AUCy 4 on day 1 and Cpyin, Ceoiy AUCq. 24, and ty2, on
day 5.

The pharmacokinetic profile of rasburicase is summa-
rized in Table 3. Increase in exposure to rasburicase over
days 1-5, as measured by AUCy,4 and C.,;, was dose
proportional. For the 1.33-fold increase in dose from 0.15
to 0.20 mg/kg, AUCy o4 increased 1.13-fold and 1.30-fold
on days 1 and 5, respectively, while C.; increased 1.21-
fold and 1.23-fold on days 1 and 5, respectively.

Rasburicase accumulated slightly on day 5, as assessed
by AUCg_»4 and C.,;. The accumulation ratios of AUCq 54
and C,; (defined as the ratio of day 5 to day 1 for AUCq o4
and C.;) were 1.13 (95% CI 1.02-1.25) and 1.17 (95% CI
1.09-1.27), respectively, indicating slight accumulation.
Mean t,, was comparable for both dose groups.

4 Discussion

The data from this study show that administration of ras-
buricase 0.15 or 0.20 mg/kg before the start of chemo-
therapy is well tolerated in Japanese pediatric patients with
acute leukemia or non-Hodgkin’s lymphoma. A rapid
reduction in plasma uric acid levels to <7.5 mg/dL in
patients >13 years or <6.5 mg/dL .in patients <13 years
within 48 h after the start of the first rasburicase adminis-
tration occurred and lasted until 24 h after the last ras-
buricase administration on day 5 in 28 of 29 patients
(96.6%). Moreover, 12 of 13 patients with hyperuricemia
at baseline responded to treatment. A high overall RR of
96.6% was observed, indicating the efficacy of rasburicase
for both the prophylaxis and treatment of hyperuricemia in
pediatric patients receiving chemotherapy.

Notably, all evaluable patients in the rasburicase
0.20 mg/kg group achieved a response and only one
evaluable patient in the 0.15 mg/kg group did not respond.
In addition, there was a greater reduction in plasma uric
acid concentrations from baseline at 4 h with the higher
dose of rasburicase (92.9 vs. 84.8%), further demonstrating
the greater efficacy of the rasburicase 0.20 mg/kg dose.

These findings add further credence to the results of the
randomized US study conducted by Goldman et al. [12],

Table 3 Pharmacokinetic parameters after once-daily intravenous administration of rasburicase over 30 min (5-day treatment)

Rasburicase dose group (mg/kg) Day 1

Day 5

AUCqg 24 (ng /mL)  Ceo; (ng/mlL)

AUC0—24 (ng h-/mL) Ceoi (ng/mL) 4733 (h) Cmin (ng/mL)

0.15

n 10 10

Mean (SD) 28,200 (7,270) 2,160 (512)
CV (%) 26 24

0.20*

n 9° 10

Mean (SD) 31,500 (4,540) 2,580 (432)
CV (%) 14 17

10 10 10 10
29,700 (6,460) 2,490 (373) 11.6 (5.0) 536 (218)
22 15 43 41
9* 9° 9* 9
38,100 (5,640) 3,050 (383) 11.2 (3.1) 780 (335
15 13 27 43

* One patient in the rasburicase 0.20 mg/kg dose group had only two pharmacokinetic samples taken on day 1 because the patient withdrew from
the study due to a low white blood cell count on day 1 after the first administration of rasburicase

AUCy o4 area under the rasburicase plasma concentration—time curve from 0 to 24 h, C.,; plasma concentration of rasburicase at the end of
infusion, C,,;, minimum rasburicase plasma concentration, CV coefficients of variation, GM geometric mean, SD standard deviation, #;,2,,

terminal half-life
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which demonstrated more rapid control of uric acid and a
lower plasma uric acid concentration during the first 96 h of
therapy with rasburicase 0.20 mg/kg/day compared with
5-7 days of treatment with allopurinol in pediatric patients
with high risk for TLS. In addition, several single-arm
studies conducted in Europe, North America, Australia, and
Asia have evaluated the 0.20 mg/kg dose of rasburicase for
up to 7 days in pediatric and adult patients with high risk for
TLS [17-21]. In line with our findings and those of
Goldman et al. [12], these studies also reported numerically
greater response rates (based on normalization of uric acid
concentration) of 97-100% with rasburicase 0.20 mg/kg.

This is the first report to comprehensively assess ras-
buricase-related AEs occurring before the start of chemo-
therapy in pediatric patients. The majority of AEs reported
during the treatment period were judged to be related to the
underlying malignancies or chemotherapy by the investi-
gators, with a low incidence of rasburicase-related AEs.
Only two rasburicase-related AEs, including one hyper-
sensitivity reaction, were observed before the start of
chemotherapy in the rasburicase 0.15 mg/kg group. Most
rasburicase-related AEs observed after the start of che-
motherapy had a similar profile to those related to the
underlying malignancies or chemotherapy. Patients who
receive chemotherapy for hematologic malignancies are
often exposed to risk of renal dysfunction. In the present
study, renal parameters such as serum creatinine were not
aggravated until completion of chemotherapy, suggesting
that rasburicase might preserve renal function during
induction chemotherapy.

Interestingly, new guidelines regarding the management
of patients at risk of developing TLS and its prevention
have recently been published [22]. Prevention strategies,
including hydration and prophylactic rasburicase in high-
risk patients, hydration plus allopurinol or rasburicase for
intermediate-risk patients, and close monitoring for low-
risk patients, are advised [22]. In addition, the guidelines
advise aggressive hydration and diuresis plus allopurinol or
rasburicase for hyperuricemia as primary management of
established TLS.

An observational study has shown that treatment with
rasburicase according to this new guideline is effective in
preventing and controlling hyperuricemia and TLS in
children with hematologic malignancies [23]. The study
reported that the duration of rasburicase treatment should
be tailored to the duration and intensity of tumor cell lysis
in the patient by closely monitoring clinical chemistry. The
superiority of rasburicase in comparison with allopurinol
for the prophylaxis and treatment of hyperuricemia in
children with leukemia and lymphoma has been demon-
strated [24]. Rasburicase, administered at a dose of 0.20
mg/kg for 5 consecutive days, resulted in a rapid and sig-
nificant decrease in uric acid levels after 4 h [24], in line

with the findings reported in the current study. Rasburicase
was also a more potent and more rapid uricolytic agent than
allopurinol.

As rasburicase is a recombinant protein, antibodies can
be produced against this agent. However, the clinical
implication of such anti-rasburicase antibodies is unknown.
In this trial, anti-rasburicase antibody production was
reported in one patient on day 29, however, this patient did
not experience a hypersensitivity reaction during the study.
None of the patients had any anti-rasburicase antibodies on
day 8. In previous studies in which rasburicase was
administered to patients with cancer, although a small
number of patients were shown to have anti-rasburicase
antibodies, production of the antibody was not associated
with the clinical status of the patients or the occurrence of
AEs, including hypersensitivity reactions [25]. Goldman
et al. [12] reported no cases of rasburicase antibody pro-
duction in the US pediatric study using rasburicase
0.20 mg/kg, whereas Pui et al. [26] reported antibody
production in 17 of 121 children and young adults treated
with rasburicase 0.15 or 0.20 mg/kg. Other studies evalu-
ating rasburicase did not assess rasburicase antibody pro-
duction [18-21]. The production of anti-SCP antibody was
also reported in one patient before the first administration
of rasburicase. In this patient, a hypersensitivity reaction
was not experienced during this study. This suggests that
there was no correlation between the presence of anti-ras-
buricase or anti-SCP antibodies and the occurrence of
hypersensitivity reactions in this study. However, because
of the limited number of patients with antibody production
in the current study, further studies are required in order to
confirm this finding.

The pharmacokinetic data obtaifled in this study support
the premise of dose proportionality of rasburicase, with only
slight drug accumulation during 5 days of treatment. These
data are consistent with the known pharmacokinetic profile
of rasburicase in Western populations [26], suggesting that
there is no ethnic variation in terms of the pharmacokinetic
profile of rasburicase. Based on the results presented here, a
daily rasburicase dose of 0.20 mg/kg might be recom-
mended, particularly for patients who are more seriously ill
and at high risk of developing TLS. However, as only a
small sample size was studied in the present study and no
comparator or placebo arm was included for comparison,
further studies are needed to confirm the optimal dose of
rasburicase for patients in different risk categories.

In conclusion, this study provides further evidence that
rasburicase is highly effective in the control of hyperuri-
cemia, a component of TLS, in pediatric patients under-
going chemotherapy for non-Hodgkin’s lymphoma or acute
leukemia. The study also demonstrates that rasburicase is
safe and well tolerated when administered before the start
of chemotherapy in this group of patients.
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