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Abstract: Management of tumor lysis syndrome (TLS) associated with cancer chemotherapy for ma-
lignant tumors is important because of its potentially fatal course. The use of rasburicase, a recom-
binant urate oxidase, is recommended for TLS; however, because rasburicase is an enzymatic drug,
one should be cautious of anaphylaxis during administration. Using claims data in Japan, we inves-
tigated the rate of rasburicase re-administration and the occurrence of anaphylaxis during re-ad-
ministration in patients with hematopoietic malignancies in a multicenter setting. Re-administration
of rasburicase was defined as administration after an interval of 21 days from the first dose. Of 373
patients, 18 were re-administered with rasburicase (re-administration rate: 4.8%). No patient devel-
oped anaphylaxis. The median number of days from the first to the last dose of rasburicase was
256.5 days (interquartile range: 138.8-455.8 days). The median daily dose was 7.5 mg (4.5-11.3 mg),
and the median total dose was 33.8 mg (19.1-64.1 mg). This claims database analysis revealed that
the re-administration rate of rasburicase was low in Japanese patients with hematopoietic malig-
nancies, suggesting that rasburicase was being used appropriately, and that associated anaphylaxis
was not observed.
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1. Introduction

The tumor lysis syndrome (TLS), induced by cancer chemotherapy for malignant tu-
mors, can lead to a fatal outcome; hence, its management is important [1]. TLS often occurs
in patients with hematopoietic malignancies (such as malignant lymphomas and acute
leukemia) and results from tumor cells that are highly sensitive to chemotherapy] decay
rapidly [2]. In addition to the uric acid production inhibitors allopurinol and febuxostat,
the use of recombinant urate oxidase rasburicase is recommended for the management of
TLS [1,2]. In the majority of adult patients with hematopoietic malignancies that are asso-
ciated with a high risk of TLS but who do not meet the diagnostic criteria for laboratory
or clinical TLS, TLS can be prevented by the administration of a single dose of rasburicase
and subsequent close monitoring [2].

Conversely, rasburicase is an enzymatic drug, and it is necessary to monitor for and
manage rasburicase-induced anaphylaxis appropriately. Japanese clinical trials have con-
firmed antibody production in 10% of the patients treated with rasburicase [3]. Allen et
al. conducted a retrospective analysis and reported anaphylaxis in 6.2% of the patients in
whom rasburicase was re-administered [4]. However, only a few studies have reported
the occurrence of anaphylaxis after re-administration of rasburicase, along with studies
on multicenter and claims data from Japanese patients [4,5]. In addition, according to the
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US Food and Drug Administration, the clearance rate of rasburicase in the Japanese pop-
ulation is approximately 40% lower than that in Caucasians; hence, it is necessary to verify
its safety among the Japanese [6].

Therefore, in this study, we aimed to survey the rate of re-administration of rasbu-
ricase and the occurrence of anaphylaxis during re-administration in patients with hema-
topoietic malignancies at multiple centers in Japan using claims data.

2. Materials and Methods
2.1. Study Design and Patients

In this retrospective cohort study, we used the JMDC database [7]. This is a nation-
wide epidemiological claims database in Japan that accumulates claims data (hospitaliza-
tion, outpatient, and dispensing) collected from multiple health insurance associations.
All patient data were encrypted before addition to the database. Data in the JMDC data-
base include disease codes (International Classification of Diseases-10 [ICD-10]), basic pa-
tient information, prescription history, and details of medical care.

Between January 2005 and September 2019, 21,489 patients with hematopoietic ma-
lignancies (ICD-10 codes C81-C96 and D46) had their data recorded in the database.
Among these patients, those aged 15 years or older who underwent rasburicase re-admin-
istration were included in this study.

2.2. Data Collection and Variable Definition

Patient data were collected following the administration of the first dose of rasbu-
ricase. In accordance with the definition provided by Allen et al., re-administration of ras-
buricase was defined as the administration of rasburicase after an interval of 21 days from
its initial administration [5]. The monitoring period for anaphylaxis extended from the
day of rasburicase re-administration to 3 days after exposure when biphasic anaphylaxis
was reported [8]. Anaphylaxis was defined as being assigned the ICD-10 codes for ana-
phylaxis, either T782 (unspecified anaphylactic shock) or T886 (anaphylactic shock as a
side effect of an appropriate drug or a drug properly administered), and being prescribed
adrenaline injections during this period [9,10].

The Charlson Comorbidity Index (CCI) score was based on the ICD-10 code reported
by Quan et al. [11,12]. CCI scores were extracted for the following comorbidities: myocar-
dial infarction, congestive heart failure, peripheral arterial disease, cerebrovascular dis-
ease, dementia, connective tissue disease, peptic ulcer disease, mild liver disease, moder-
ate or severe liver disease, diabetes with or without chronic complications, chronic pul-
monary disease, hemiplegia or paraplegia, renal disease, malignancies, metastatic solid
tumor, and acquired immunodeficiency syndrome/human immunodeficiency virus infec-
tion.

Patient characteristics were baselined at the first administration of rasburicase. Data
extracted included the age; sex; hematopoietic malignancies; CCI scores and associated
comorbidities; antineoplastic drugs; concomitant use of allopurinol and febuxostat (uric
acid production inhibitors); doses and number of courses and days of rasburicase admin-
istration; and number of days between the first and last rasburicase administration.

The rasburicase re-administration rate and incidence of anaphylaxis in the re-admin-
istered patients were calculated. Values are presented as the number of cases (%) or me-
dian (interquartile range [IQR]).

3. Results

There were 373 patients with possible re-administration of rasburicase; among these,
18 were actually re-administered with rasburicase (Figure 1).


https://doi.org/10.20944/preprints202212.0131.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 December 2022 d0i:10.20944/preprints202212.0131.v1

Patients with hematological malignancies registered in the
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Figure 1. Flow diagram of patient selection.

The rasburicase re-administration rate was 4.8%. No patient was assigned an ICD-10
code for anaphylactic shock. One patient was prescribed adrenaline injections (given the
ICD-10 code for septic shock) and also received antibiotics. Therefore, no patient devel-
oped anaphylaxis.

The median age at baseline was 56 years (36-59 years). The study population com-
prised 12 men (66.7%). Hematopoietic malignancies were mainly acute lymphocytic leu-
kemia in five cases (27.8%), acute myeloid leukemia in three cases (16.7%), and Mantle cell
lymphoma and non-Hodgkin's lymphoma in two cases (11.1%). The median CCI score
was 5.5 (3.8-9.3), and 12 patients (66.7%) had a CCI score >5; thus, the number of high-risk
patients was high. Comorbidities associated with the CCI score were mainly mild liver
disease in 13 cases (66.7%); peptic ulcer disease in nine cases (50%); congestive heart fail-
ure, diabetes without chronic complications, and chronic lung disease in eight cases
(44.4%); and metastatic solid tumors in five cases (27.8%). The following antineoplastic
drugs were administered: cytarabine (n = 9; 50.0%); cyclophosphamide, vincristine, and
doxorubicin (n = 6 each; 33.3%); and rituximab (n = 4; 22.2%). Allopurinol and febuxostat
were co-administered in four (22.2%) and two (11.1%) patients, respectively.

The median number of courses of rasburicase was 2 (2—4). Furthermore, the median
total days of rasburicase administration were 5.5 days (3.8-9.8 days). The median number
of days between the administration of the first and last doses was 256.5 days (138.8-455.8
days). The median dose administered per day was 7.5 mg (4.5-11.3 mg/day), while the
median total dose was 33.8 mg (19.1-64.1 mg). The patient characteristics are summarized
in Table 1.

Table 1. Baseline patient characteristics.

n=18
Age [years], median (IQR) 56 (36-59)
Sex, male n (%) 12 (66.7)
Hematological malignancies, n (%)
Acute lymphoblastic leukemia 5(27.8)
Acute myeloid leukemia 3(16.7)
Mantle cell lymphoma 2 (11.1)
Non-Hodgkin lymphoma 2(11.1)
Mixed leukemia 1(5.6)

Myelodysplastic syndrome 1(5.6)
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Plasmablastic lymphoma 1(5.6)
Burkitt lymphoma 1(5.6)
Plasma cell myeloma 1(5.6)
Malignant lymphoma 1(5.6)
Charlson Comorbidity Index score, median (IQR) 5.5 (3.8-9.3)
Charlson Comorbidity Index score of >5, n (%) 12 (66.7)
Charlson Comorbidity Index Comorbidities, n (%)
Malignancies 18 (100)
Mild liver disease 13 (72.2)
Peptic ulcer disease 9 (50.0)
Congestive heart failure 8 (44.4)
Diabetes without chronic complications 8 (44.4)
Chronic pulmonary disease 8 (44.4)
Metastatic solid tumor 5(27.8)
Others 6 (33.3)
Chemotherapy regimens, n (%)
Cytarabine 9 (50.0)
Cyclophosphamide 6 (33.3)
Vincristine 6 (33.3)
Doxorubicin 6 (33.3)
Etoposide 5 (27.8)
Rituximab 4(22.2)
Methotrexate 4(22.2)
Mitoxantrone 4(22.2)
Others 11 (61.1)
Concomitant use of anti-hyperuricemia drugs, n (%)
Allopurinol 4(22.2)
Febuxostat 2 (11.1)
Rasburicase administrations, median (IQR)
Number of courses 2 (2-4)
Days of administration for each course 2 (1.5-4.5)
Total days of administration 5.5 (3.8-9.8)
Days from first administration to last administration 256.5 (138.8-455.8)
Dose (mg/day) 7.5 (4.5-11.3)
Total dose (mg) 33.8 (19.1-64.1)

IQR: interquartile range

4. Discussion

To the best of our knowledge, this is the first survey performed to verify the re-ad-
ministration rate of rasburicase and the associated incidence of anaphylaxis using claims
data. This survey was conducted at 23 facilities, a number that is approximately three
times larger than the number of facilities involved in clinical trials in Japan [3].

The JMDC database comprises real-world medical practice data, including infor-
mation on medical fee statements. All medical fee claims at insurance medical institutions
are collected by the insurer; thus, even if a patient receives treatment at multiple medical
institutions, all medical treatment details can be obtained using the database [7]. Rasbu-
ricase is an expensive drug and its usage is covered by health insurance. Because the
JMDC database can track the prescription history of rasburicase, it is considered a suitable
database for verifying the safety of re-administration. In addition, rasburicase is adminis-
tered infrequently; the number of days of administration is limited to five (seven in Japan),
and re-administration is not recommended [6]. Therefore, collection of re-administration
cases for analyses is a difficult task. Hence, we conducted this study using the claims da-
tabase.

TLS is caused by the destruction of tumor cells; nucleic acids are metabolized to xan-
thine and subsequently uric acid, resulting in hyperuricemia. In addition, hyperphos-
phatemia and hyperkalemia occur concurrently. When blood pressure decreases and
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inflammation occurs due to cytokines, acute renal failure develops. Subsequently, the
amounts of uric acid, potassium, and phosphorous exceed the urinary excretion capacity,
and large amounts of these materials suddenly enter the blood and are released into the
body. This can lead to various TLS pathologies, including renal failure, arrhythmia, sei-
zures, and even death [1]. Rasburicase is a recombinant urate oxidase that metabolizes
uric acid to allantoin. This metabolism is rapid; because the urinary solubility of allantoin
is extremely high as compared with that of uric acid, the blood uric acid concentration is
lowered rapidly. Therefore, rasburicase is recommended in patients at a high risk of TLS
[2]. Conventional uric acid production inhibitors, such as allopurinol, are incapable of
lowering pre-existing elevated uric acid levels in the presence of acute kidney injury,
thereby making rasburicase an important drug in such conditions [1]. However, although
urate oxidase is an endogenous enzyme commonly found in most mammalian species, it
is absent in humans due to the acquisition of nonsense mutations in the coding region
during human evolution. Therefore, administration of rasburicase may lead to the pro-
duction of antibodies, which may induce anaphylaxis [13]. However, the mechanism of
anaphylaxis development during re-administration of rasburicase has not yet been eluci-
dated.

Allen et al. reported that the incidence of anaphylaxis after re-administration of ras-
buricase was 6.2%; however, anaphylaxis did not occur in any patient in our study [4]. In
Japan, the re-administration rate of rasburicase is as low as 4.8%, which indicates that it is
being administered appropriately. Allen et al. reported that multiple myeloma and acute
leukemia accounted for 47.4% and 22.7% of the cases of hematopoietic malignancies in
their study, respectively, and that five of the six patients who developed anaphylaxis had
multiple myeloma. Conversely, no patients with multiple myelomas were included in our
study, while 44.4% of the patients had acute leukemia. The recommended dosage of ras-
buricase on the label is 0.20 mg/kg [6]. The daily dose in the present study was 7.5 mg
(4.5-11.3 mg); conversely, Allen et al. reported daily doses of 3.5 mg (3-6 mg) and 3.07 mg
(3—4 mg) for the anaphylaxis and non-anaphylaxis groups, respectively (which were more
than twice the dose in our study) [4]. The JMDC database does not contain information on
the patients’ weights; however, according to Japanese health statistics, the average
weights of men and women aged 50-59 years in 2018 were 70.4 kg and 55.2 kg, respec-
tively [14]. Allen et al. reported mean body weights of 86.85 kg (55.6-124.6 kg) and 85.7
kg (47.3-164 kg) in the anaphylaxis and non-anaphylaxis groups, respectively. Therefore,
we believe that the dosage per body weight was higher in our study than in the study by
Allen et al. The total dose was 33.8 mg (19.1-64.1 mg) in this study, while Allen et al.
reported a total dose of 6-18 mg in the anaphylaxis group in their study; therefore, the
dose was higher in our study [4]. In addition, it has been reported that rasburicase clear-
ance in the Japanese is approximately 40% lower than that in Caucasians [6]. Based on
these findings, the amount of exposure to rasburicase in this study is considered to be
much higher than that reported by Allen et al.; however, anaphylaxis did not occur. Thus,
we speculate that the incidence of anaphylaxis after re-administration of rasburicase may
be lower in Japanese individuals than in Caucasians [4].

In this study, four out of 18 patients received rasburicase at multiple centers; three
and one patients received rasburicase at two and three centers, respectively. It is unclear
whether the treatment histories of these patients were shared between the centers. In or-
der to prevent anaphylaxis due to rasburicase, it is necessary to understand the admin-
istration history. Therefore, it is important to interview the patients, prepare medical in-
formation documents, and direct medical personnel to provide support to ensure that the
patients themselves can maintain their treatment history.

In clinical practice, it is assumed that rasburicase re-administration may be required
during repeated courses of cancer chemotherapy in patients at a high risk of TLS. In a
Japanese clinical trial, the antibody measurement test revealed no antibody production
from the start of rasburicase administration (0.20 mg/kg) to day 8 after administration.
However, antibodies were confirmed in 12% and 8% of the patients on day 29 and at 6
months (+2 months) after administration, respectively [3]. The risk of immunogenicity is
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known to increase with higher doses and longer treatment periods; thus, strict monitoring
for anaphylaxis is still necessary while re-administering rasburicase to Japanese patients
[15]. Consideration of premedication with antihistamines and corticosteroids, preparation
of adrenaline injections, establishment of a system that can quickly undertake respiratory
and circulatory management, and continued strict monitoring can prevent the occurrence
of anaphylaxis. Preparation in advance is important.

This study has some limitations. First, the number of patients was small. Second, rig-
orous verification by weight-equivalent dosage was not possible due to the lack of infor-
mation on the patients’ body weight. Third, the JMDC database is mainly limited to data
on employees of large companies and their families under the age of 75 years; hence, the
development of anaphylaxis in the elderly, employees of small and medium enterprises,
and self-employed people and their families has not been evaluated.

5. Conclusions

Claims database analysis revealed that the re-administration rate of rasburicase was
low in patients with hematopoietic malignancies in Japan; anaphylaxis was not observed
following rasburicase re-administration.
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