o8

With the exception of neuroblastoma (IVa), the survival
of many diagnostic groups in Osaka was lower than that in
England and Wales and in the USA, and the report suggested
that the reason for this was insufficient introduction and
practice of chemotherapy (22). Our study suggested that the
low centralization of patients is also related to the lower sur-
vival. Previous studies also suggested that the lower survival
will also related to the treatment volume in the field of
surgery or radiotherapy, although these subjects were adult
cancers (23,24). Therefore, to centralize childhood cancer to
specific hospitals and to perform a higher volume of pro-
cedures are important to ensure better survival. For the cen-
tralization of treatment, however, the burden children and
their families must deal within their daily lives would
increase. A social support system would be needed to
achieve and maintain centralization.

In our study, although the identification of treating hospi-
tals was the point, 997 cases did not have treating hospital
codes so that the diagnosing hospital code was alternatively
adopted. The bias derived from this substitution is assumed
minor, because the proportion of cases that the diagnosing
hospital code was same as the treating hospital one was
91.8% (3435 cases).

These data included newly diagnosed patients only, so that

- the specialists might feel that the small degree of centraliza-

tion would not reflect the realization for childhood cancer
treatment. Further study would be needed to investigate the
centralization taking into account the succession of treatment.
We confirmed that the hospitals that treated childhood
cancers decreased approximately by half during the 1990s,
because childhood cancer decreased because of a lower birth
rate. The degree of centralization seemed almost constant
from 1975 to 2002. The annual average number of cases per
hospital marginally increased, although it still was much
lower compared with European countries and the USA.
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Low-dose MTX for the treatment of acute and chronic graft-versus-host

disease in children
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We report the results of a retrospective analysis in 27
pediatric patients who received low-dose MTX as the
second-line treatment for steroid-refractory or -dependent
acute and chronic GYHD. Between July 2000 and May
2006, 10 patients with aGVHD and 17 with cGVHD were
treated with MTX at a dose of 3-10 mg/m? weekly. Seven
of ten patients (70%) with aGVHD responded well to
MTX, thus resulting in the achievement of either a
complete response (CR) or a partial response (PR). The
dose of prednisone could be reduced to equal to or lower
than 1mg/kg in the responding patients at the end of
MTX therapy. The median number of MTX administra-
tions was five (range, 1-7). Ten (58.8%) of seventeen
patients with cGVHD achieved CR or PR. The dose of
prednisone could be reduced to lower than 0.4 mg/kg in
16 of 17 patients and seven patients could discontinue
prednisone. The median duration of MTX administration
was 18 months (range, 1-68). The toxicities of grade III to
IV occurred in only six patients presenting cytopenias or
elevated levels of serum transaminases. Low-dose MTX
was tolerable and effective for the steroid-refractory or
-dependent GVHD in reducing the dose of steroid without
increasing the risk of opportunistic infection.
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Keywords: low-dose MTX; acute GVHD; chronic
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Introduction

GVHD is the most common complication after allogeneic
hematopoietic stem cell transplantation (HSCT).! Methyl-
prednisolone or prednisone have been mainly used as an
initial treatment for acute GVHD (aGVHD) and predni-
sone and CsA are considered as the first-line therapy for
chronic GVHD (cGVHD).2? Against steroid-refractory or
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-dependent GVHD, for which mortality is reported to be
very high,** the standard second-line treatment remains to
be established.

MTX has been widely used as the anti-inflammatory and
immunomodulatory agent for the treatment of patients
with rheumatoid arthritis and other inflammatory disorders
by weekly low-dose (7.5-25mg) administration and its
efficacy and safety have been documented in the litera-
ture.®'° In addition, low-dose MTX has been employed for
a long time as part of the prophylaxis for aGVHD after
HSCT.!'-'% On the other hand, MTX had also been used as
a part of a combined regimen for the treatment of acute
and chronic GVHD, however, there are a few published
data or prospective trials to evaluate the feasibility of MTX
in the treatment of GVHD. !¢

MTX is an antifolate and has been used as the high-dose
therapy for the treatment of malignancies since 1947.
During the 1980s, the use of low-dose MTX began for the

_ treatment of rheumatoid arthritis.®'® One of the mechan-

isms of the immunomodulatory effect of low-dose MTX is
mediated by increasing the release of adenosine which
inhibits production of tumor necrosis factor-a, IL-6 and
IL-8, in addition to promoting the secretion of IL-10
and IL-4 in vitro.%'” These cytokines are considered to play
an important role in the . initiation, propagation or
regulation of GVHD,'®! thus low-dose MTX should be
expected to control GVHD by regulating the cytokine
network.

Since 2000, we have employed low-dose MTX treatment
for steroid-refractory or -dependent acute and chronic
GVHD including that of post donor lymphocyte infusion
(DLI). In this report, we show the results of retrospective
analysis in 27 patients receiving low-dose MTX as second-
line treatment for GVHD.

Patients and methods

Patients

Between July 2000 and May 2006, 27 pediatric patients
including 10 with aGVHD and |7 with cGVHD were
treated with low-dose MTX. One patient received MTX for
his acute and chronic GVHD, which occurred after DLI.
The reasons for the administration of MTX were that (1)
the clinical manifestations of GVHD did not improve, or
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deteriorated despite the treatment with steroids with or
without calcineurin inhibitor; (2) the improvement was
observed with first-line therapies but the dose-reduction of
prednisone was difficult because of the recurrence
of GVHD. Characteristics of aGVHD and c¢cGVHD
patients are shown in Tables 1 and 2, respectively.

Low-dose MTX administration

MTX was administered either intravenously or orally at a
dose of 3-10mg/m? weekly. The dose of MTX was
determined at each physician’s discretion for the first few
patients, and the majority of patients received MTX at a
dose of 5-10mg/m> Because only a few adverse events
related to the agent had been observed during this period,
we thereafter standardized the initial dose at MTX 10 mg/
m? from January 2002. Leucovorin was not administered to
all patients. Unless a toxicity of higher than grade III due
to MTX was observed, then the dose of the agent was
neither discontinued nor reduced.

Transplantation procedure

All 10 patients with aGVHD received BMT including one
from a matched related donor and nine from mismatched
related or matched unrelated donors. Seven were HLA-
matched while three were mismatched (one with one locus
mismatch and two with two locus mismatch) serologically.

. Thirteen of seventeen patients with cGVHD received BMT

and three received peripheral blood stem cell transplant-
ation, and another one received umbilical cord blood stem
cell transplantation. Fourteen were HLA-matched while
three were one locus mismatched serologically. The pre-
transplant conditioning regimen varied according to
diagnosis, disease status, stem cell source and HLA
disparities. All but one patient received a myeloablative-
conditioning regimen. The remaining one patient with
CML received a reduced-intensity conditioning regimen. In
case of HSCT from a matched unrelated or mismatched
related donor, all patients except three received tacrolimus
(FK506) plus short-term MTX 15mg/m? on day | and
10 mg/m? on days 3, 6, 11 as the prophylaxis for aGVHD.
The remaining three patients received CsA plus short-term
MTX. In case of matched related HSCT, CsA alone
was used.

Diagnosis and grading of GVHD
Diagnosis and grading of aGVHD were based on
established clinical criteria.?® Four patients with grade II
developed skin stage 3 only. Another six patients suffered
grade III including GVHD of the gut that were stage 2—4.

The onset forms and the types of cGVHD were
differentiated according to the published classifications.”
Fourteen of seventeen cases occurred as the quiescent form,
and the remaining three as the progressive form. There was
no patient with the de novo form of cGVHD in this series.
The types of ¢cGVHD included two limited and 15
extensive. The most frequently involved organs were the
oral mucosa, skin and liver.

Histological diagnoses were made in four of ten patients
with acute GVHD of the gut and in one with chronic
GVHD of the upper gastrointestinal tract. No other organs
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Characteristics and outcomes in acute GVHD patients

Table 1

At the end of MTX  Outcome (no.

No. of

cyvcles o

At the start of MTX

Prophylaxis

Sex Age  Disease  Donor HLA

UPN

of days follow-up)

of

disparity  for GVHD

Overall PSL and disease status
(mglkg)

MTX

PSL  Other

(mglkg) agent

aGVHD

response

Grade

Liver Gut

Skin

ive (1237), in CR
d (576) of relapse
Alive (1760), in CR

ive (1347), in CR
ive (1063)

ive (982), in CR

1CH

A
A
A
A
D

—_—S —~—o o

R A 2

FK
FK/Pulse
CsA/Pulse
FK/Pulse
None

FK/Pulse

M NN

FK506/sMTX
FK506/sMTX
FK506/sMTX
CsA

FK.506/sMTX
FK506/sMTX

—_o OO NO

240
245
257
263
180
214

Alive (447), in CR
Dead (77)

Dead (52)

Dead (145)

S e —

—t —

FK/Pulse
CsA/Pulse
FK/Pulse
CsA/Pulse

o NN

[ = |

FK506/sMTX
CsA/sMTX
CsA/sMTX
FK506/sMTX

ON— O

AML
CML
JMML
SAA

13
13

2
15

SSuw s

291
251
267
206

donor lymphocyte
non-Hodgkin’s lymphoma;

complete response; DLI

prednisone: NHL

Blackfan-Diamond anemia; CML = chronic myelogenous leukemia; CR

acute GVHD; BDA =

Abbreviations: SAA = severe aplastic anemia; aGVHD

infusion; F

partial response.; PSL
unique patient number; Was = Wiskott-Aldrich syndrome.

no response; PR =

male; NR=

female; FK506 = tacrolimus; JMML = juvenile myclomonocytic leukemia; M=

unrelated bone marrow; UPN

Pulse = steroid pulse therapy; RBM = related bone marrow; sMTX = short-term MTX; UBM
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of GVHD were histologically confirmed in the diagnosis of
either acute or chronic GVHD.

Treatment prior to low-dose MTX

All but one of the 10 patients with aGVHD were treated
with calcineurin inhibitor and 2mg/kg prednisone at the
start of the low-dose MTX administration. Eight of these
patients received high-dose methylprednisolone (pulse)
therapies resulting in poor response prior to the low-dose
MTX. In one patient, aGVHD of grade III occurred after
DLI and prednisone of 2 mg/kg was administered prior to
low-dose MTX.

Ten of seventeen patients with ¢cGVHD received a
calcineurin inhibitor in combination with various doses of
prednisone and remaining seven patients including two
patients post DLI were with prednisone alone at the start of
low-dose MTX. No other immunosuppressive agents were
used prior to MTX for the treatment of acute or chronic
GVHD.

Evaluation of response and toxicity

We evaluated overall response in patients with acute and
chronic GVHD treated with low-dose MTX as follows; a
complete response (CR) was defined as the resolution of all
clinical manifestations of aGVHD. Partial response (PR}
was defined as an improvement in at least one involved
organ without deterioration in others nor the emergence of
other organs. Mixed response (MR) was defined as
improvement in at least one organ with deterioration in
another organ or the emergence of involvement of other
organs. No response (NR) was defined as no improvement
or deterioration of all affected organs. The manifestation of
each organ in acute and chronic GVHD after low-dose
MTX was estimated as resolution, improvement, stable or
progression.

The toxicity of low-dose MTX was graded based on the
Common Terminology Criteria for Adverse Events version
3.0, according to physical examination of patients and
laboratory findings including complete blood counts, liver
function tests and renal function tests.

Results

Responses

Responses and outcomes in patients with aGVHD are
shown in Table 1. The median number of low-dose MTX
administrations was five (range, 1-7). Seven of the ten
(70%) patients responded well to low-dose MTX and
achieved CR or PR. The dose of prednisone was success-
fully reduced to equal to or lower than 1mg/kg in these
seven responding patients at the end of the MTX therapy.
CR was achieved by three of the four patients with aGVHD
grade 1I with stage 3 cutaneous involvement without any
other involved organs, and two of six patients with grade
111 with skin and the gut involvement (one had skin stage 2,
gut stage 2 and the other skin stage 2, gut stage 3). In CR
and PR patients, signs of improvement of GVHD-related
symptoms appeared within median 4 (range, 2-7) days after
low-dose MTX administration without additional agents.
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No other MR patient was identified. Three NR patients
had aGVHD of grade III including gut involvement of
equal to or more severe than stage 3 and liver disease
of equal to or more severe than stage 2, either with or
without skin disease. They all died of infectious complica-
tions following the progression of aGVHD.

The responses and outcomes of the patients with
¢GVHD are shown in Table 2. The median duration of
low-dose MTX administration was 18 (range, 0-68)
months. CR was achieved in four patients, PR in six, MR
in two and NR in five patients, respectively. Two of
four CR cases had the limited disease and the other 2 cases
had the extensive disease, including cutaneous and oral
mucosal involvement. In these four CR patients, three
began low-dose MTX soon after the diagnosis of cGVHD
and the remaining patient began 25 days after the
diagnosis. At the time of the last contact, seven patients
discontinued prednisone and three of these patients were
free from any other immunosuppressive agent. In all
except one patient could the dose of prednisone be reduced
to lower than 0.4mg/kg, but four patients were treated
with an additional agent such as CsA or MMF. Although
the efficacy of low-dose MTX was not observed in
NR patients, in two (UPN 179 and 185) of five NR
patients, the dose of prednisone could be reduced to
lower than 50% of baseline dose after a long duration of
MTX administration. Three patients developed the
progressive forms of ¢cGVHD with skin involvement of
more than 50% of the body surface area. In two of these
three patients, cGVHD positively responded to MTX
therapy, thus resulting in CR and PR, respectively and
prednisone was therefore eventually discontinued. The
other patient did not respond to MTX, however, the dose
of prednisone could be reduced to 0.1 mg/kg at the time of
last contact, namely, 57 months after the start of MTX
administration.

The responses in each of the involved organs are
shown in Table 3. In the case of aGVHD, seven (88%) of
the eight patients with skin diseases showed favorable
response, resulting in resolution or improvement. On the
other hand, in the cases with aGVHD of the liver, only
one (25%) of four cases responded. In the cases with
aGVHD of the gut, responses were observed in three (50%)
of six cases. In cGVHD, resolution or improvement was
observed in 8 (57%) of 14 cases with the oral mucosa, 6
(55%) of 11 cases with the liver and 5 (42%) of 12 cases
with the skin,

Table 3 Response of involved organs
Site Acute GVHD Chronic GVHD
Skin Liver Gut Skin Oral mucosa Liver GI Eyes

n 8 4 6 12 14 1t 2
Resolution 5 0 2 3 7 2 1 1
Improvement 2 1 1 2 1 4 0 1
Stable I i 1 5 4 5.0 0
Progression 0 2 2 2 2 o 0 0

Abbreviation: GI = gastrointestine.



Table 4 Toxicity related to low-dose MTX
Hematological toxicity Liver toxicity
ANC Hb PLT AST ALT
Grade III 0 0 1 1 I
Grade IV { 0 2 0

Abbreviations: ALT = alanine aminotransferase; ANC = absolute neutro-
phil count; AST =aspartate aminotransferase; Hb =hemoglobin; PLT =
platelet count.

Toxicity

Severe toxicity greater than grade III was observed in six
patients (Table 4). As for any hematological adverse effect,
one patient developed grade IV neutropenia and three
patients developed grade III to IV thrombocytopenia. Both
neutropenia and thrombocytopenia occurred in one patient
(UPN 267) soon after the first dose of MTX. She suffered
from refractory aGVHD of grade III and her general
condition rapidly deteriorated with progressive pancyto-
penia before MTX.

Two patients had elevated levels of serum transaminase
up to grade III toxicity and improved after interruption of
MTX. Although the liver enzyme levels elevated in other
many patients, the levels were limited to grade I to II. No
other adverse effects of grade III or more were observed.
All instances of grade I and II toxicity, including the liver
and marrow, later resolved without any treatment.

One patient (UPN 263) with aGVHD developed hemor-
rhagic cystitis with BK virus occurring 6 weeks after the
beginning of MTX. Another patient (UPN 260) died
of pulmonary aspergillosis. He suffered from ¢cGVHD of
the skin, liver and lung for about 3 months. No other
infectious complications evidently related to MTX therapy
occurred.

Overall, the low-dose MTX therapy was well tolerated
and median duration of this therapy for cGVHD was 18
months (range, 0—68).

Survival

Overall, 4 of 10 patients with aGVHD died and the
probability of survival was 58.3% (95% CI 26.7-89.9%).
Three patients with aGVHD grade III died of infectious
complications following severe aGVHD and one died of
relapsed underlying disease. One of 17 -patients with
¢GVHD died of invasive pulmonary aspergillosis which
overlapped with steroid-refractory cGVHD and the prob-
ability of survival was 93.8% (95% CI 81.8-105.8%).

Discussion

Acute GVHD is one of the major causes of morbidity and
mortality after allogeneic HSCT. It has been reported that
only less than 50% of patients showed complete response to
initial treatment with steroid for aGVHD.>** A salvage
treatment is often required for patients who fail to respond
to steroid therapy but high mortality is reported in these
steroid-refractory cases.*> To date, many investigators
have demonstrated the poor outcome of patients treated
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with ATG for steroid-refractory aGVHD.>2¢28 In these
reports, the major causes of death were progressive
aGVHD, infectious complication or post transplant
lymphoproliferative disorder. Recently, efficacies of mono-
clonal antibodies to some inflammatory cytokines against
aGVHD were reported in many literatures. One of these
reports demonstrated that 13 (62%) of 21 patients who
received infliximab for steroid-refractory aGVHD experi-
enced complete response.?® However, high rates of
infections were also observed and the overall survival rate
was 38%. Others have shown similar associations between
the use of monoclonal antibodies and infections in aGVHD
patients.>®*3' Similarly, the use of MMF for steroid-
refractory aGVHD was reported to have relations to high
incidence of infectious complications.®? Pentostatin for the
treatment of 23 patients in steroid-refractory aGVHD as
phase 1 dose escalation study was reported in 2005.3
Although the response rate in that report was 78%, only
five patients were alive. Most patients died of refractory
GVHD, relapse of disease, or infectious complications.
These results showed that one of the most important
factors contributing to the lower survival rate after the
salvage therapy was the intensification of immunosuppres-
sion leading to the opportunistic infection.

Chronic GVHD is also the major cause of non-relapse
mortality in patients surviving more than 2 years after
allogeneic transplantation.® One prospective cohort study
demonstrated that response rates to combination therapy
with steroid, CsA and azathioprine were 61, 53 and 50% at
6 months, 1 year and 2 years, respectively and the overall
survival rate was 39% at 10 years.** In addition, cGVHD is
associated with substantial deficits of the quality of life such
as decreased physical and functional status, sexual inactiv-
ity and frequent infection.> The long-term treatment with
prednisone, which is one of the agents in the first-line
treatments for cGVHD, may enhance this compromised
quality of life in patients with ¢cGVHD. As a result,
mortality in chronic GVHD is largely attributable to
infection.>>3* As the secondary or salvage treatment for
c¢GVHD, a number of trials have been published. Most of
them reported a success rate of 25 to 50% using a variety
of agents such as MMF, a monoclonal antibody to the
inflammatory cytokines and rituximab with possibility of
increasing risk of infection.?-*6-7

Considering the circumstances mentioned above, one of
the most important strategies for the treatment of acute and
chronic GVHD is to lessen the risk of infection. Because it
is considered that low-dose MTX has little impact for
immunosuppression leading to the risk of infectious
complications, the agent may be beneficial for patients
with fower immune function by prior intensive immuno-
suppressive treatment. In the present study, many patients
with acute and chronic GVHD was able to reduce the dose
of prednisone after the initiation of low-dose MTX without
increasing the risk of opportunistic infection and other
complications caused by long-term prednisone treatment.
In addition, only 1 of 27 patients demonstrated a relapse of
an underlying disease, thus suggesting that low-dose MTX
does not increase the risk of relapse.

The results of the present study indicate that low-dose
MTX might be ineffective in cases of aGVHD with stage 4
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disease of the gut or multiple organ involvement. For these
patients, a more immunosuppressive agent might thus be
needed. In seven patients with aGVHD who responded to
this treatment regimen, an improvement of GVHD-related
symptoms appeared within median 4 (range, 2-7) days after
the initiation of low-dose MTX without any additional
agents. It seems that if a sign of the improvement of
aGVHD is observed within a week after the first dose of
MTX, then a good response may be expected in aGVHD.
Low-dose MTX seemed to be effective for cGVHD of the
liver, oral mucosa and skin involvement. Depending on
the responding organs, the manifestations of the oral
mucosa and skin tended to improve within a few weeks
after the initiation of MTX treatment while it might take a
long time for the findings of liver function tests to
normalize. In fact, most of the observed responses in
c¢GVHD of the liver demonstrated either an improvement
or stable disease. Many other medications or complications
after HSCT might also influence the resolution process of
liver disease. Sixteen of seventeen patients were alive at last
follow-up either with or without a small dose of pre-
dnisone. Given the long-term usage of prednisone influence
to morbidity and mortality, this result suggested that low-
dose MTX might have a potential to lessen mortality, thus
possibly improving the quality of life of patients with
c¢GVHD. The number of cases investigated in this study
was too small to draw any definitive conclusions, and
therefore further large-scale analyses are required.

Severe toxicities occurred only in a few patients present-
ing cytopenias or elevated levels of the serum transami-
nases. Most of these adverse events developed in advanced
aGVHD patients. Because these patients were extremely ill
and were on many medications that have myelo- and/or
hepatotoxicity, it was difficult to evaluate whether these
toxicities were related to MTX alone. There were no
episodes of severe infectious complications obviously
related to MTX. No other well-described adverse event
such as gastrointestinal symptoms, immune-mediated
pneumonitis, renal impairment and secondary malignancies
were seen even in the patients with long-term follow up.
These results suggested that low-dose MTX might therefore
be safe and well tolerated for long-term use over a period of
several years, even in the post transplant setting.

There are two published reports, which evaluated the
feasibility of MTX in the treatment of GVHD. Giaccone
et al.'® demonstrated the possible steroid-sparing effect of
low-dose MTX for patients with long-standing, severe
chronic GVHD. Despite the fact that 12 of 14 patients in
this retrospective study had at least one high-risk feature
such as scleroderma, fasciitis or thrombocytopenia, the
disease could be successfully controlled in 10 patients with
prednisone at doses below 1 mg/kg every other day without
the addition of other agents. On the other hand, Huang
et al.'® reported the result of a clinical study using low-dose
MTX to treat patients with acute and chronic GVHD.
Most patients in this study were not in the advanced stages
of GVHD and the response rate was very high for both
acute and chronic GVHD including post DLI GVHD. In
addition to the efficacy of low-dose MTX, these two reports
showed the safety and tolerability of this agent and our
present study supported and confirmed the more long-term
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use of MTX over a period of several years even for
children.

In conclusion, low-dose MTX is less toxic, easy to
administer and effective to the steroid-refractory or
-dependent GVHD, in addition, reducing the dosage and
duration of steroid therapy. Low-dose MTX is worthy of
further evaluation as second-line treatment of severe
GVHD.
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Abstract Tumor lysis syndrome (TLS), including
hyperuricemia, is a frequent serious complication in
patients with hematologic malignancies. This study in
Japanese patients evaluated the efficacy, safety, and phar-
macokinetic profile of rasburicase in pediatric patients with
hematologic malignancies. Patients aged <18 years at high
risk for TLS, with newly diagnosed hematologic malig-
nancies, were randomized to intravenous rasburicase
0.15 mg/kg/day (n = 15) or 0.20 mg/kg/day (n = 15) for
5 days. Chemotherapy was started 4-24 h after the first
rasburicase dose. Response was defined as a reduction in
plasma uric acid to <6.5 mg/dL (patients <13 years) or
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<7.5 mg/dL (patients >13 years) by 48 h after the first
administration, lasting until 24 h after the final adminis-
tration. Response rates were 93.3 and 100% with rasburi-
case 0.15 and 0.20 mg/kg/day, respectively. Uric acid
levels declined rapidly within 4 h of starting rasburicase
administration in both groups. Most adverse events were
related to the underlying chemotherapy regimens. Two
hypersensitivity reactions, including grade 1/2 pruritus,
were considered to be related to rasburicase. Rasburicase is
effective and well tolerated for the management of
hyperuricemia in Japanese pediatric patients at high risk of
developing TLS.
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1 Introduction

Patients with hematologic malignancies are usually treated
with aggressive chemotherapy regimens that result in the
rapid destruction of tumor cells and the release of purine
metabolites into the circulation [1]. This may lead to the
development of tumor lysis syndrome (TLS), which is
characterized by severe hyperuricemia, hyperphosphate-
mia, hyperkalemia, and hypocalcemia [2, 3]. Moreover, as
a consequence of hyperuricemia, crystals of uric acid may
form in the renal tubules and distal collecting system,
leading to renal insufficiency and acute renal failure [4].
Patients with malignancies that have a high proliferation
rate or a large tumor burden, such as acute lymphoblastic
leukemia or Burkitt’s lymphoma, have a particularly high
risk of developing TLS. The metabolic disturbances
resulting from TLS may lead to acute renal failure and
rapidly become life threatening in pediatric patients.
Appropriate management for metabolic abnormalities in
these patients is therefore essential in order to reduce the
risk of developing acute renal failure [S-7].

The cumrent treatment of hyperuricemia in Japan
includes urinary alkalinization, hydration, and allopurinol.
Allopurinol inhibits xanthine oxidase and thus prevents the
formation of uric acid and controls plasma uric acid levels
during purine catabolism [4]. Allopurinol, however, cannot
reduce the level of pre-existing uric acid and causes
increases in serum levels of xanthine and hypoxanthine,
which may lead to xanthine nephropathy [8, 9]. In addition,
urinary alkalinization can cause renal precipitation of cal-
cium phosphate [4].

Rasburicase is a recombinant form of the endogenous
enzyme urate oxidase. It is produced following the proteo-
lytic hydrolysis of Aspergillus flavus urate oxidase, which
permits the formation of oligodeoxynucleotide probes that
are used to obtain DNA fragments from Aspergillus flavus
¢DNA and genomic libraries [10]. Rasburicase is approved
for the prevention and treatment of hyperuricemia in
children with leukemia or lymphoma in the USA and the
EU. This agent oxidizes uric acid, converting it to allan-
toin, a substance that is approximately 510 times more
soluble than uric acid and is easily excreted in the urine [8].
Rasburicase is administered intravenously, making it more
convenient to administer to patients with chemotherapy-
associated gastrointestinal toxicities than the oral drug
allopurinol. Moreover, rasburicase can reduce pre-existing
uric acid levels [11].

In a US open-label, randomized study in 52 children
with leukemia or lymphoma at high risk for TLS,

administration of rasburicase (0.20 mg/kg/day) for
5-7 days during induction chemotherapy achieved signifi-
cantly more rapid control of uric acid and lower levels of
plasma uric acid than allopurinol (300 mg/m%day) for
5-7 days [12]. This led the investigators to conclude
that rasburicase is a safe and an effective alternative to
allopurinol during initial chemotherapy in pediatric
patients.

The aim of this study was to investigate the efficacy,
safety, and pharmacokinetic profile of rasburicase as a
single agent in Japanese pediatric patients with hemato-
logic malignancies at high risk for TLS. In particular, the
safety of rasburicase administered before chemotherapy
was evaluated in this patient population.

2 Materials and methods
2.1 Stady design and patients

This was a multicenter, open-label, randomized, parallel-
group study of repeated doses of rasburicase in Japanese
pediatric patients with newly diagnosed hematologic
malignancies at high risk of developing TLS.

The study protocol was approved by the institutional
review boards of all participating centers. Written informed
consent was obtained from the legally authorized repre-
sentative of each patient before randomization to one of
two doses of rasburicase (0.15 or 0.20 mg/kg).

Japanese pediatric patients (aged <18 years) were eligi-
ble for study entry if they had newly diagnosed hematologic
malignancies with hyperuricemia (uric acid >7.5 mg/dL for
patients aged >13 years; uric acid >6.5 mg/dL for patients
aged <13 years) or newly diagnosed hematologic malig-
nancies presenting with a high tumor burden, regardless of
uric acid level [defined as non-Hodgkin’s lymphoma (NHL)
stage IV; NHL stage III with at least one lymph node or mass
>5 cm in diameter or lactate dehydrogenase (LDH) three or
more times the upper limit of normal (ULN)]; or acute leu-
kemia with a white blood cell (WBC) count >50,000/mm>
and LDH three or more times ULN. Patients were required to
have a performance status of 3 or less on the Eastern Coop-
erative Oncology Group (ECOG) scale (or 30 or more on the
Lansky score) and a minimum life expectancy of 45 days.
Patients received induction chemotherapy between 4 and
24 h after the first administration of rasburicase.

Exclusion criteria included the administration of allo-
purinol within 72 h before the start of rasburicase admin-
istration; known history of severe allergy and/or severe
asthma; low birth weight (<2,500 g) or gestational age
(<37 weeks); previous therapy with urate oxidase; known
positive tests for hepatitis B surface antigen, hepatitis C
virus antibodies, or HIV-1 or HIV-2 antibodies; severe
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disorders of the liver or kidney [alanine aminotransferase
(ALT) levels more than five times ULN, total bilirubin
more than three times ULN, creatinine more than three
times ULN]; or uncontrollable infection (including viral
infection). The enzymatic conversion of uric acid to
allantoin by rasburicase produces hydrogen peroxide [13].
This can lead to methemoglobinemia and hemolysis in
certain “at-risk” populations such as those with glucose-6-
phosphate dehydrogenase (G6PD) deficiency, and hence
G6PD deficiency contraindicates the use of rasburicase.
Therefore, patients with a known family history of G6PD
deficiency, and known history of methemoglobinemia and
hemolysis, were also excluded.

Randomization was performed centrally, and patients
were stratified by baseline weight (<10 or >10 kg) until 15
patients had been enrolled in each dose group. To ensure
the exact evaluation of pharmacokinetics, at least. 10
patients weighing >10 kg were included in each dose
group. The protocol did not require that a minimum
number of patients weighing <10 kg should be enrolled.

2.2 Treatment

Rasburicase (SR29142) was supplied by sanofi-aventis
(Tokyo, Japan). Patients were randomized to one of two
dose groups of rasburicase (0.15 or 0.20 mg/kg). Rasburi-
case 0.20 mg/kg has been approved in 50 countries
worldwide, but in the USA, the doses of rasburicase 0.15
and 0.20 mg/kg have been approved. Given that the effi-
cacy of rasburicase 0.15 and 0.20 mg/kg was recently
demonstrated in a previous study in adult Japanese patients
[14], both these doses were selected for use in this pediatric
trial. Rasburicase was administered intravenously for
30 min once daily for 5 consecutive days.

Chemotherapy, including cytoreductive corticosteroids,
was started 4-24 h after the first dose of rasburicase.
Separate lines were used for administration of chemo-
therapy and infusion of rasburicase to prevent drug—drug
interactions. When this was not possible, the line was
flushed with isotonic saline (>15 mL) before and after
infusion of rasburicase. Other anti-hyperuricemic agents
(e.g. allopurinol) or treatment with sodium bicarbonate
for urine alkalization were not permitted until the final
blood sampling for plasma uric acid was completed on
day 6.

2.3 Efficacy assessments

The primary efficacy endpoint was response rate (RR), as
determined by assays of plasma uric acid concentration.
Treatment was considered to be successful and the patient
considered to be a responder if the plasma uric acid level
decreased to <7.5 mg/dL in patients aged >13 years or
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<6.5 mg/dL in patients aged <13 years by 48 h after the
start of the first rasburicase administration, and lasting until
24 h after the start of the final rasburicase administration
(day 5).

Secondary endpoints included plasma uric acid con-
centration and change in concentration from baseline. The
rate of plasma uric acid inhibition over time versus baseline
was also evaluated at 4 and 48 h after the first rasburicase
administration and at 24 h after the last rasburicase
administration. The rate of uric acid inhibition (%) was
calculated as the concentration of plasma uric acid at
baseline minus the concentration of plasma uric acid at
each timepoint divided by the concentration at baseline
multiplied by 100. Blood samples were collected for the
plasma uric acid levels <10 min before and 4 h (10 min)
after the first rasburicase administration on day 1; samples
were also collected before rasburicase administration
(10 min) on days 2-5, and 24 h (10 min) after the last
rasburicase administration on day 6.

2.4 Safety assessments

Safety was assessed by clinical observations (including
vital signs), standard laboratory tests, and the occurrence of
adverse events (AEs). AEs were summarized by type of
event and toxicity grade according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events version 3.0 (translated into Japanese by the Japan
Clinical Oncology Group/Japan Society of Clinical
Oncology). These events were classified by each investi-
gator as either rasburicase-related or other (related to
underlying hematologic malignancies or chemotherapy).
Rasburicase-related AEs were defined as all events
excluding events due to the underlying disease or chemo-
therapy. Renal function (creatinine, potassium, phosphorus,
and calcium levels) was also assessed at baseline (7 days
before starting the first administration of rasburicase), and
on day 3, 5, 8§, 15, 22, 29, and 36.

2.5 Evaluation of anti-rasburicase antibodies

To evaluate the relationship between hypersensitivity
reactions and the appearance of anti-rasburicase antibodies,
the antibodies were assessed by qualitative enzyme-linked
immunosorbent assay (ELISA) at baseline and on day 29.
The results were expressed qualitatively due to the lack of
immunopurified reference human antibody directed against
rasburicase, with the conventional properties of antibodies
utilized to detect antibodies directed against rasuburicase.
The range of anti-human immunoglobulin calibration was
between O and 1,000 ng/mL and plasma samples from
healthy volunteers were used as reference controls. Plasma
collected from healthy volunteers was assayed by ELISA
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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 (42 weeks) and every 6 months (+2 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
(Cumin) 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
AUCg_,4 and C.,; (defined as the ratio of day 5 to day 1 for
AUCy 54 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 (CIs), 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 AUCg_»4 and
C.o; 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 thie 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

patients

Rasburicase Total (n = 30)
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) 267

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

612 years 7 (46.7) 9 (60.0) 16 (53.3)

13-17 years 5(333) 167 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(3.3) 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(20.09) 0 (0.0) 3 (10.0)
Hyperuricemic, n (%)*
ECOG Eastern Cooperative Yes 833 3 (33.3) 13¢33)
Oncology Group No 7 (46.7) 10 (66.7) 17 (56.7)
2. 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% C1 76.8-100.0%] vs. 93.3% [95% CI 68.1-
99.8%]).

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% CI]

CI confidence interval Hyperuricemic

14 (93.3) {68.1-99.8%]

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

* Measured on day 1, 4 h after Evaluable patients, n 8 5 13
administration of rasburicase. Responders, n (%) 7 (87.5) 5 (100) 12 (92.3)
The rate of uric acid inhibition Nonhyperuricemic

E%;) was cqlculg:ied as f"ltlrthYS: Evaluable patients, n 7 9 16
plasma uric acid concentration

at baseline — plasma uric acid Responders, n (%) 7 (100) 9 (100) 16 (100)
concentration at each timepoint)  Inhibitory rate (%)*

divided by (plasma uric acid Evaluable patients, n 15 14 29

concentration at baseline)

M
multiplied by 100 ean [95% ClI

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)

Baseline 4 24 48 72 96 120
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 S 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 mg/kg 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 (+standard deviation)
of serum creatinine were 52.3 pmol (£+22.6) at baseline,
43.6 ymol (£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 pmol (£19.1) at baseline, 36.7 umol (£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 AUCO_24 on day 1 and Cmim Ceoia AUC()_24, and ti/22 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, AUCq o4 increased 1.13-fold and 1.30-fold
on days 1 and 35, 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 AUCq 4 and C.;. The accumulation ratios of AUCq o4
and C,,; (defined as the ratio of day 5 to day 1 for AUCy_54
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

AUCg 4 (ng WmL)  Cooi (ng/ml)  AUCy o4 (ng WmL)  Ceoi (ng/mL) 1y, () Cinin (ng/mL)

0.15

n 10 10 10 10 10 10

Mean (SD) 28,200 (7,270) 2,160 (512) 29,700 (6,460) 2,490 (373) 11.6 (5.0) 536 (218)
CV (%) 26 24 22 15 43 41

0.20*

n 9° 10 9* 9? 9* 9?

Mean (SD) 31,500 (4,540) 2,580 (432) 38,100 (5,640) 3,050 (383) 11.2 (3.1) 780 (335)
CV (%) 14 17 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

AUCq 54 area under the rasburicase plasma concentration-time curve from 0 to 24 h, C.,; plasma concentration of rasburicase at the end of
infusion, Cy,;, minimum rasburicase plasma concentration, CV coefficients of variation, GM geometric mean, SD standard deviation, ¢,,,

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 obtained 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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