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Abstract

Background—Glucarpidase rapidly reduces methotrexate plasma concentrations in patients
experiencing methotrexate-induced renal dysfunction. Debate exists regarding the role of
glucarpidase in therapy given its high cost. The use of reduced-dose glucarpidase has been
reported, and may allow more institutions to supply this drug to their patients. This report explores
the relationship between glucarpidase dosage and patient outcomes in pediatric oncology patients.

Methods—The authors evaluated data from 26 patients who received glucarpidase after high-
dose methotrexate. Decrease in plasma methotrexate concentrations and time to renal recovery
were evaluated for an association with glucarpidase dosage, which ranged from 13 to 90 units/kg.

Results—No significant relationship was found between glucarpidase dosage (units/kg) and
percent decrease in methotrexate plasma concentrations measured by TDx (P >0.1) or HPLC (P
>0.5). Patients who received glucarpidase dosages <50 units/kg had a median percent reduction in
methotrexate plasma concentration of 99.4% (range, 98—-100) measured by HPLC compared to a
median percent reduction of 99.4% (range, 77.2-100) in patients who received =50 units/kg. Time
to SCr recovery was not related to glucarpidase dosage (P >0.8).

Conclusions—The efficacy of glucarpidase in the treatment of HDMT X-induced kidney injury
was not dosage-dependent in this retrospective analysis of pediatric oncology patients. Pediatr
Blood Cancer 2015;62:1518-1522.
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INTRODUCTION

High-dose methotrexate, defined as dosages =1 gm/m?2, remains a mainstay component of
conventional chemotherapy for multiple malignancies, both hematologic and non-
hematologic. Despite supportive care measures such as, aggressive alkalinized hydration,
patients receiving high-dose methotrexate are at risk for methotrexate-induced renal
dysfunction [1-9]. The development of impaired renal function and subsequent delayed
methotrexate excretion also puts patients at greater risk for other severe or life-threatening
toxicities, such as, mucositis, myelosuppression, and liver dysfunction [1,10,11].

Glucarpidase (Voraxaze®), a recombinant carboxypeptidase G2 enzyme that hydrolyzes
antifolates such as, methotrexate to inactive metabolites, was approved by the US FDA in
January 2012 for the treatment of methotrexate concentrations >1 mmol/l in patients with
delayed methotrexate clearance due to impaired renal function [12]. Glucarpidase is
currently supplied from the manufacturer as single-use vials containing 1,000 units per vial
as lyophilized powder. The manufacturer’s dosing recommendations state that glucarpidase
should be given as a single intravenous injection of 50 units/kg [13].

Although glucarpidase has been shown to be effective in rapidly reducing methotrexate
plasma concentrations [2-9,12,14-27], the pharmacoeconomic impact of its use is
substantial. The current average wholesale price (AWP) of glucarpidase is $27,000 per
1,000 unit vial. Therefore, one dose of glucarpidase in a 70 kg patient (i.e., four vials needed
to supply 3,500 units) may cost >$100,000 if dosed per the FDA approved dosage. While
this cost must be weighed against the cost of other interventions such as, dialysis and/or
prolonged hospitalization, justification for such drug expenditures may be challenging.
Current Centers for Medicare and Medicaid Services guidelines allow for reimbursement of
two glucarpidase vials per administration [28]. The successful use of reduced-dose
glucarpidase has been reported [22,29,30]. This has led some clinicians to question whether
choosing a lowerdose of glucarpidase or capping the dose at a full vial size would be a more
cost-effective approach to treating patients with methotrexate induced renal dysfunction.
This report explores the relationship between glucarpidase dosage and patient outcomes in
pediatric oncology patients, and provides perspective on the potential cost-savings of a
capped-dose (i.e., maximum of 2,000 units) approach.

METHODS

A retrospective chart review was performed examining all patients who received
glucarpidase after high-dose methotrexate at St. Jude Children’s Research Hospital prior to
August 2012. One patient received glucarpidase after its FDA approval in January 2012.
Otherwise, glucarpidase was provided through investigational drug protocols and per-patient
emergency use, and written informed consent was obtained from the parent, legal guardian,
and/or patient as appropriate. Criteria used for glucarpidase administration varied by
protocol. All patients who received glucarpidase had an increased serum creatinine of >1.5
times their baseline value. The methotrexate plasma concentration was >50 UM at 24 hr
from the start of the methotrexate infusion for all patients with osteosarcoma with one
exception. This patient had a 24 hr methotrexate plasma concentration of 45.1 yM and a
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corresponding SCr that was 3.75 times baseline. The methotrexate plasma concentration was
>10 uM at 42 hr from the start of the methotrexate infusion for all other patients with the
exception of one patient who received glucarpidase prior to 42 hr. All patients received
standard supportive care including, aggressive alkalinized hydration and leucovorin rescue
before and after glucarpidase administration; this supportive care was individualized based
on standards of care at our institution. Leucovorin administration was held for 2 hr before
and after glucarpidase administration per protocol. This study was approved by the
Institutional Review Board.

Methotrexate dosages and infusion times varied by diagnosis, therapeutic protocol, and/or
patient specific factors. Patients with osteosarcoma received 4- or 6-hr infusions at
methotrexate dosages of 12 g/m?2. Patients with acute lymphoblastic leukemia (ALL) and
lymphoblastic lymphoma received either 4- or 24-hr infusions with methotrexate dosages
ranging from 2.5 to 8 g/m2. All methotrexate plasma concentrations were analyzed with a
commercially available fluorescence polarization immunoassay using an Abbott TDXFLXx
analyzer (Abbott Laboratories, Abbott Park, IL). A subset of patients had methotrexate
plasma concentrations analyzed via high performance liquid chromatography (HPLC) as
previously reported [16]. HPLC analysis was performed due to the non-specificity of
commercial immunoassays for 4-[[2,4-diamino-6-(pteridinyl) methyl]-methylamino]-
benzoic acid (DAMPA), the byproduct of the enzymatic reaction between glucarpidase and
methotrexate. This metabolite is known to cause overestimation of methotrexate
concentrations measured by immunoassays [13].

DATA ANALYSIS

Data collection included demographic information, methotrexate, and glucarpidase
regimens, methotrexate pharmacokinetic data including, methotrexate plasma concentrations
measured by TDx and HPLC, when available, and serum creatinine (SCr). All patients” SCr
was measured at least once daily. Percent change in plasma methotrexate concentration after
glucarpidase administration measured by TDx and HPLC and time to recovery of SCr in
relation to glucarpidase dosage (units/kg) were compared using the Spearman correlation
coefficient test or the Exact Wilcoxon Two-Sample test when tested as categorical variables.
A multivariable analysis was used to examine the relationship between change in plasma
methotrexate concentration after glucarpidase administration and other variables. Time to
recovery of SCr was defined as the time for SCr to return to <1.5x the pre-methotrexate
baseline from the time of glucarpidase administration.

RESULTS

Retrospective data from 26 pediatric patients who received glucarpidase after high-dose
methotrexate were analyzed. The median age of this population was 11.7 years (range, 4.0—
20.4 years) (Table I). Twenty-one of 26 doses of glucarpidase were started within 48 hr of
the start of the high-dose methotrexate infusion, and five doses were given more than 48 hr
after the start of methotrexate (at 48.25, 49, 51.5, 52.5, and 95 hr). Glucarpidase dosages
administered ranged from 13-90 units/kg. All glucarpidase dosages <50 units/kg were
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administered as a result of capping a dose at a full vial size. Likewise, in all cases, dosages
>50 units/kg were administered due to rounding up to the next full vial.

Pre- and post-glucarpidase plasma methotrexate concentrations were analyzed via TDx for
all 26 patients, and 14 patients had post-glucarpidase plasma methotrexate concentrations
analyzed via HPLC. All 26 patients experienced a reduction in plasma methotrexate
concentration from the pre-glucarpidase measurement to the first post-glucarpidase
measurement, at a median of 3.5 hr (range, 0.5-22 hr) post-glucarpidase (Table I).

A multivariable analysis revealed no statistically significant relationship between
glucarpidase dosage (units/kg) and percent decrease in plasma methotrexate concentration
measured by TDx (P >0.1) or HPLC (P >0.5) (Table I, Fig. 1). The only statistically
significant correlation noted was between patient disease type and the percentage decrease
in plasma methotrexate concentration by TDx. The association between age and percent
decrease in methotrexate plasma concentration approached statistical significance (P =0.06).
A majority of doses of glucarpidase (81%) were started over the relatively narrow time
period of 25 to 48 hours from the start of the methotrexate infusion, and the percent decrease
in plasma methotrexate concentration after glucarpidase was similar in these patients. No
significant association was observed between the time from the start of the methotrexate
infusion to glucarpidase administration and the percent decrease in plasma methotrexate
concentration by TDx when data from all patients were included (r? =0.13, P =0.08).
Similarly, no statistically significant association was found between glucarpidase dosage
(units/kg) and time to recovery of SCr (P >0.8) (Table I, Figure 1).

Forty-two percent of patients received glucarpidase dosages <50 units/kg. Patients who
received glucarpidase dosages <50 units/kg had a median percent reduction in methotrexate
plasma concentration of 99.4% (range, 98—-100) measured by HPLC and 78.2% (range,
69.8-98.9) measured by TDx compared to a median percent reduction of 99.4% (range,
77.2-100) measured by HPLC and 82.9% (range, 61.9-99.4) measured by TDx in patients
who received =50 units/kg (P >0.4)(Fig. 2). Five patients, ranging in body weight from 50.1
to 145.7 kg, received a glucarpidase dose capped at 2,000 units, which resulted in a dosage
of less than 50 U/ kg (range, 13.7-39.9 U/kg). Of these five patients, two had post-
glucarpidase methotrexate plasma concentrations measured by HPLC. A reduction in
methotrexate plasma concentration of 98% and >99%, respectively was achieved.

Patients who received glucarpidase dosages <50 units/kg had similar time to recovery of SCr
as compared to patients who received =50 units/kg (P >0.9). One patient with lymphoma
received hemodialysis for electrolyte abnormalities. This patient received 48.4 units/kg of
glucarpidase. Methotrexate plasma concentration data measured via HPLC were not
available for this patient. SCr did recover to <1.5x baseline in all patients included in this
analysis.

DISCUSSION

High-dose methotrexate-induced acute kidney injury is an oncologic emergency that can
potentially result in serious toxicity [31]. The close monitoring of patients and early
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intervention to decrease elevated plasma methotrexate concentrations are necessary elements
of patient management [11]. Glucarpidase provides an important and effective treatment to
rapidly decrease methotrexate concentrations in patients with delayed methotrexate
elimination [27].

In this analysis we observed that glucarpidase dosages varying from 13 to 90.1 units/kg were
effective in rapidly decreasing plasma methotrexate concentrations. These data demonstrate
that glucarpidase dosages lower than 50 units/kg were effective in reducing methotrexate
plasma concentrations in pediatric cancer patients. Furthermore, higher dosages of
glucarpidase were not associated with more rapid recovery of renal function (measured by
SCr) in this population. A statistically significant association between patient disease type
and percent decrease in methotrexate plasma concentration and a trend towards significance
between patient age and percent decrease in methotrexate plasma concentration were
observed. These associations may be attributed to differing MTX dosages used for different
diagnoses. The ALL patients included in the analysis had a lower median age and received
lower MTX dosages over 24 hr as compared to patients with a diagnosis of osteosarcoma
and non-lymphoblastic lymphoma, who received higher dosages of MTX over 4 hr, and had
higher median pre-glucarpidase MTX plasma concentrations.

It should be noted that in our small sample size there were few courses of glucarpidase that
were started more than 48 hr from the start of methotrexate, and thus we observed a high
percent decrease in methotrexate plasma concentrations in all patients. Other studies have
found that delays in the administration of glucarpidase can greatly interfere with the
effectiveness of the drug [7]. This lack of effectiveness has been attributed to delayed
administration of glucarpidase at which time most of the MTX is not circulating, but is
retained intracellularly; therefore, although we would not expect a lower dose of
glucarpidase to hydrolyze MTX less efficiently if administered at a later time point, we
cannot address whether glucarpidase dosage may be associated with efficacy in cases where
glucarpidase administration is delayed.

Given the cost of glucarpidase, the pharmacoeconomic impact of glucarpidase dose
selection is noteworthy. There is debate regarding glucarpidase’s place in therapy for
patients experiencing methotrexate-induced renal insufficiency. Much of this debate
surrounds the fact that this drug is very expensive, and arguably unnecessary in some
situations [32]. However, the cost of glucarpidase administration may be offset by the high
cost of alternative interventions such as dialysis and/or prolonged hospitalization.

These data indicate that rounding glucarpidase doses down to, for example, the nearest vial
size when patients’ doses require opening additional vials to administer a full 50 units/kg, or
capping doses may be a more cost-effective approach to effectively lower methotrexate
plasma concentrations. At least one study has suggested that capping glucarpidase doses is
feasible [29]. Regarding the potential pharmacoeconomic impact of dose rounding in this
report, had all glucarpidase doses in this report been capped at 2,000 units, the institution’s
total use of glucarpidase would have decreased by 20 vials, resulting in a cost savings to the
institution of >$500,000 based on glucarpidase AWP. Our institution has since adopted the
practice of capping individual glucarpidase doses at a maximum of 2,000 units. Given that
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the current Centers for Medicare and Medicaid Services guidelines allow for reimbursement
of two glucarpidase vials per administration [28], the utilization of a capped dose of, for
example, 2,000 units might allow more institutions to provide glucarpidase therapy to their
patients.

The information presented in this report regarding the potential for dose selection and
decreased cost of glucarpidase utilization is vital to consider during discussions surrounding
an institution’s use of glucarpidase, potentially allowing for a more efficient use of this
important agent. Further studies are needed to validate this dose capping/ vial-size rounding
approach; however, these data indicate that the utilization of glucarpidase dosages less than
50 units/kg in pediatric oncology patients are effective in decreasing methotrexate plasma
concentrations.
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Fig. 1.

Dot plots showing (A) the percent decrease in plasma methotrexate concentration measured
by HPLC following glucarpidase administration vs glucarpidase dosage in all patients with a
measurement; (B) percent decrease in plasma methotrexate concentration measured by
HPLC following glucarpidase administration vs time from start of methotrexate infusion to
glucarpidase administration in all patients with a measurement; (C) percent decrease in
plasma methotrexate concentration measured by HPLC following glucarpidase
administration versus patient age in years in all patients with a measurement; and (D) time to
recovery of serum creatinine versus glucarpidase dosage following a single glucarpidase
dose in all patients studied.
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(Ag) Percent decrease in plasma methotrexate concentration following a dose of glucarpidase
in patients receiving high-dose methotrexate (>2.5 g/m2) displayed by glucarpidase dosage
group; the percent decrease in plasma methotrexate concentration was not different in
patients who received <50 units/kg of glucarpidase (n =4) versus those who received >50
units/kg of glucarpidase (n =10; P >0.4; Wilcoxon rank sum test). Each data point indicates
the percent decrease in plasma methotrexate (pre-glucarpidase—post-glucarpidase) for an
individual patient measured by HPLC. (B) Time to renal recovery following a dose of
glucarpidase in patients receiving high-dose methotrexate (>2.5 g/m2) displayed by
glucarpidase dosage group; the time to renal recovery was not different in patients who
received <50 units/kg of glucarpidase (n =11) vs those who received >50 units/kg of
glucarpidase (n =15; P >0.8; Wilcoxon rank sum test). Each data point indicates the time in
days for an individual patient’s serum creatinine to return to <1.5x the pre-methotrexate
baseline from the time of glucarpidase administration. Boxes include data between the 25th
and 75th percentiles; bars indicate the median value, and whiskers indicate the minimal and
maximal values (excluding outliers).
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