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INTRODUCTION

Methotrexate (MTX) is a folic acid
antagonist used for its antiproliferative
and anti-inflammatory activity, either as
a stand-alone drug or in combination
with other medications, in the treatment
of neoplastic and autoimmune diseases
(Table 1).? Folic acid plays a crucial role in
the synthesis of DNA and cell replication.?
In the dihydrofolate reductase (DHFR)
pathway, tetrahydrofolate (THF) is the
active form of folic acid.? THF donates
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carbon groups that are eventually used
for synthesizing deoxyribose purines (i.e.,
adenosine and guanosine) and pyrimi-
dines (specifically thymidine) that
constitute human DNA.??

Because MTX also affects noncancer-
ous cells, treatment may lead to adverse
drug effects (ADEs) and undesirable
toxicities.* MTX can crystallize and
precipitate in the kidney, especially at
higher systemic concentrations and in
the presence of acidic urine.® Neither
hemodialysis (HD) nor peritoneal dialysis
(PD) sufficiently removes the drug from
circulation, whereas continuous veno-
venous hemodialysis(CVVHD) seems to
be the most efficacious dialysis method.>5

Leucovorin (LV), or folinic acid (citro-
vorum factor), is a rescue agent that ex-
erts its effects via competitive cellular
uptake, but it does not sufficiently reduce
toxic levels of MTX.” The standard-of-care
regimen combines LV with continuous
urinary alkalinization (with sodium bicar-
bonate) and rigorous hydration.® Unfor-
tunately, even with normal pretreatment
renal function, this approach does not
reverse nephrotoxicity in 2% to 10% of
patients.’

HISTORY

Unlike other therapies used to treat
MTX toxicity, glucarpidase (Voraxaze,
BTG International, Inc.), also known
as carboxypeptidase-G2 (CPDG2), is
an enzyme that rapidly metabolizes
circulating (not intracellular) MTX to
two inactive metabolites: glutamate and
2,4-diamino-N-10-methylpteroic acid
(DAMPA) .10

Although patients have been receiving
CPDG2 since 1993 through the FDA’s
compassionate use criteria, glucarpidase
was formally approved by the FDA in
January 2012.1'2 The drug has dem-
onstrated considerable safety and effi-
cacy through case reports and clinical
trials, and it is likely to be incorporated
in future protocols for reversing toxic
MTX levels (above 1 pmol/L) in adults
and in pediatric patients with renal dys-
function.®

CHEMICAL COMPOSITION
Glucarpidase is a recombinant form of
the CPDG2 enzyme, produced via modi-
fied Escherichia coli. It is ahomodimeric
protein composed of 390 amino acids.
The molecular weight is 83 kilodaltons.!

Table 1 FDA-Approved Indications for Methotrexate

Neoplastic diseases
Acute lymphocytic leukemia
Breast cancer
Chorioadenoma destruens
Epidermoid cancers of the head and neck
Gestational choriocarcinoma
Hydatidiform mole
Lung cancer (squamous and small-cell)
Meningeal leukemia

Non-Hodgkin’s lymphoma (advanced stage)

Autoimmune diseases

Psoriasis (severe, recalcitrant, disabling)
Rheumatoid arthritis (severe, active)

Mycosis fungoides (advanced; a type of cutaneous T-cell lymphoma)

Osteosarcoma (non-metastatic; after surgical resection or amputation for the primary tumor)

Polyarticular-course juvenile rheumatoid arthritis (active)

Data from methotrexate prescribing information.™

continued on page 741
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INDICATIONS AND USAGE
Glucarpidase is approved for reversing
MTX toxicity (plasma MTX concentration
[Cyrx] @above 1 pumol/L) in patients with
delayed MTX clearance resulting from
renal dysfunction. This is most likely to
occur when patients receive high-dose
MTX (HDMTX) therapy for neoplastic
diseases. Glucarpidase is not intended for
patients who demonstrate the expected
clearance of MTX, defined as a plasma
MTX concentration within 2 standard de-
viations (SDs) of the mean MTX excre-
tion curve specific for the dose of MTX
administered. Patients with normal or
mildly impaired renal function should
not receive glucarpidase because of the
potential for subtherapeutic MTX expo-
sure.!’

CLINICAL PHARMACOLOGY

As a zinc peptidase, glucarpidase hy-
drolyzes the amide linkage on circulating
(not intracellular) MTX to form glutamate
and DAMPA.*13 The latter metabolite of
MTX is inactive, less water-soluble than
MTX, and seems to undergo hepatic
metabolism (glucoronide conjugation)
and nonrenal (biliary) elimination.!*%
DAMPA is eliminated more rapidly than
MTX after glucarpidase administration.!®!*

At normal human body temperature
(37°C), each unit of glucarpidase exerts

enzymatic activity to cleave 1 ymol/L of
circulating MTX per minute.'* Although
this is an undesirable effect, the drug may
also cleave LV and its active metabolite,
5-methyltetrahydrofolate (5-mTHF),
shown in Figure 1.1%5-% Implications
of this effect are discussed under Drug
Interactions (see page 742).

PHARMACODYNAMICS
AND PHARMACOKINETICS

In a study conducted by the manufac-
turer, glucarpidase decreased the Cyx
by more than 97% within 15 minutes in
22 patients.'” Furthermore, in 20 of these
patients (91%), the Cyx remained re-
duced by more than 95% for up to 8 days.

Using enzymatic assays, Phillips
etal. conducted a small pharmacokinetic
study of glucarpidase (in the absence of
MTX) in human subjects with normal
and severely impaired renal function.?’
After a single intravenous (IV) injection
of glucarpidase 50 units/kg adminis-
tered over a period of 5 minutes to eight
healthy patients, the enzyme’s terminal
half-life was 5.6 hours, the mean maxi-
mum concentration (C,,,,) was 3.3 mcg/
mL, the mean area-under-the-curve
(AUC5infiniy) Was 23.3 mcg ® hour/mlL,
the mean systemic clearance was 7.5 mL/
minute, and the mean volume of distribu-
tion (V) was 3.6 L% The V, suggests
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Figure 1 Cleavage sites on methotrexate, leucovorin, and 5-methyltetrahydrofolate
for glucarpidase. Note: Glucarpidase cleaves extracellular methotrexate (MTX),
but the enzyme may also hydrolyze leucovorin (LV) and its active metabolite,
5-methyltetrahydrofolate (5-mTHF). The latter interactions are discussed further
in the Drug Interactions section of this article. (From BTG International and
U.S. National Library of Medicine.”%)
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that the drug is not widely distributed and
is restricted mostly to plasma volume.*

In four patients with severe renal
impairment, indicated by a creatinine
clearance (CrCl) below 30 mL/minute,
pharmacokinetic parameters were simi-
lar, except for a longer terminal halflife
of 8.2 hours.*® Despite the slightly lon-
ger half-life, dosage adjustments are not
required with glucarpidase in patients
with renal or hepatic impairment.'%%

Because glucarpidase does not attain
appreciable intracellular concentrations
and does not cross the blood-brain
barrier, Adamson et al. investigated the
potential clinical utility of the enzyme
when given via the intrathecal route.*
Although O’Marcaigh et al., Widemann
etal., and Bradley et al. reported favorable
outcomes with intrathecal glucarpi-
dase, 2** the FDA approved glucarpidase
for use only via the IV route.

EFFICACY AND SAFETY
IN CLINICAL TRIALS

Glucarpidase is extremely effective in
lowering MTX levels; clinical trials and
compassionate use experiences from
the previous two decades have gener-
ally shown that after the first dose of
the enzyme, the Cy;x was decreased by
71% to 99.6% within 5 to 15 minutes. !
Studies leading to the approval of glu-
carpidase are summarized in Table 2.1°

As glucarpidase does not cleave in-
tracellular MTX, patients needed to
receive LV in addition to supportive
care.!?-% In several studies, additional
doses of glucarpidase did not signifi-
cantly hydrolyze more MTX .23 ADEs
were minimal (e.g., paresthesias, flush-
ing, shaking, and headache), which
usually resolved without additional
interventions (Table 3).2-% Patients
with additional risk factors for nephro-
toxicity (such as older age, the use of cer-
tain concomitant drugs, and prolonged
exposure of MTX) had increased morbid-
ity and mortality rates, but deaths were
not directly attributed to glucarpidase.?*

In the pivotal studies leading to
the approval of glucarpidase, the pri-
mary outcome of interest was the
proportion of patients who achieved
a rapid and sustained clinically im-
portant reduction (RSCIR) in Cyy.°
The investigators defined this param-
eter as a Cyrx of 1 pmol/L or below
within 15 minutes, sustained for up to
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Table 2 Summary of Clinical Trials Leading to the Approval of Glucarpidase (Voraxaze)*

Study 1 Study 1 Subset Study 2
Number of patients 149 22 141
<1to 85 (median: 18) 5 to 84 (median: 15.5) <1to 85 (median: 17)

« Osteosarcoma/sarcoma: 32% « Osteosarcoma: 50% « Osteosarcoma: 32%
- Leukemia/lymphoma: 63% » Leukemia/lymphoma: 45% | « Leukemia/lymphoma: 62%
« Other: 5% « Other: 5% « Other: 6%

18 to 98 (median: 49) 50 6 to 189 (median: 50)

« 1dose (n=106) « 1dose (n=16) - 1dose (n=122)
« 2 doses (n=30); given if plasma MTX level | « 2 doses (n=6) « 2 doses (n =18); no specific

Patient age (years)

Underlying disease state(s)

Glucarpidase dose (units/kg)

Total number of glucarpidase
doses provided

>100 pmol/L; separated by 48 hours
« Unspecified (n =13)

criteria for the second dose
« Unspecified (n=1)

*Patients also received intravenous hydration, urinary alkalinization, and leucovorin (not administered 2 hours before or after glucarpidase) in both studies.
Data from glucarpidase (Voraxaze) prescribing information.”

8 days following the initial injection.!’

In a subset of 22 patients, 10 (45%)
achieved RSCIRs, whereas five patients
(23%) attained a transient Cy of 1 pmol/L
or below."’ The likelihood of attaining a
RSCIR following the first dose of glucarpi-
dase correlated with the pre-glucarpidase
Curx-? Although all nine patients with
a Cyx greater than 50 ymol/L did not
achieve a RSCIR, they had more than a
95% reduction in Cyx for up to 8 days after
a single dose of glucarpidase.’

Of the seven patients with a Cyx
exceeding 100 ymol/L, six (86%) received
a second dose of glucarpidase (50 units/
kg) within 48 hours after the first dose.*®
Four patients (67%) failed to achieve a
RSCIR; the other two patients already
had a Cy;x of 1 umol/L or below within
48 hours.’ According to the manufac-
turer, no controlled trials have compared
glucarpidase plus supportive care with
supportive care alone.! In addition, glu-
carpidase did not prevent fatal MTX toxic-
ity in approximately 3% of patients in the
safety population.’®

Widemann et al. recognized that in
patients with osteosarcoma and a very
high Cyry, glucarpidase was far more
effective than hemodialysis in reversing
MTX toxicity.*! Although the enzyme did
not seem to normalize renal function as
quickly as the dialysis methods, there
were fewer repeated Cyx elevations.®!

Christensen et al. evaluated 1,141
patients who had received glucarpidase
for MTX toxicity in order to determine
the safety and efficacy of rechalleng-
ing patients with MTX after rescue.*” In
20 of these patients (median Cyx, 29.1
uM/L), glucarpidase was administered
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22 times. The results were promising;
13 patients (65%) completed 39 courses
of HDMTX, and renal function returned
to baseline in all studied patients. The
elimination time for MTX plus glucar-
pidase decreased from a median of
355 hours during the first course, to
90 hours during the second course, and to
amedian of 72 hours in later courses. This
finding reassured clinicians that MTX
therapy could be continued in patients
who previously received rescue therapy
with glucarpidase.*

ADVERSE DRUG REACTIONS

Patients did not experience major
adverse effects from glucarpidase and
rarely required additional interventions.
A summary of reported adverse drug
reactions from clinical trials and compas-
sionate use experiences is presented in
Table 3.10,11,25—30

DRUG INTERACTIONS
Reduced Folate Levels

Leucovorin (LV) and its active metabo-
lite, >>mTHEF, are substrates for glucarpi-
dase because of an amide linkage in each
molecule (see Figure 1).1%7-1 In a study
of cancer patients who received 1 g/m?
or more of MTX with LV rescue, a single
dose of glucarpidase 50 units/kg IV
2 hours before LV reduced (6S)-LV
AUC,ss, by 33% and the C,,,, by 52%.'
The enzyme also reduced (6S)-5>-mTHEF,
AUC, 53, by 92% and the C,,, by 93%.1°

Widemann et al. measured LV and
5-mTHF levels in 16 patients.?' Similar to
the effect on MTX, glucarpidase reduced
5-mTHEF levels by 75% to 99.9% (median,
98.6%) and LV levels up to 62.4% (median,

17.7%) within 15 minutes.*

Therefore, to minimize a clinically sig-
nificant drug—drug interaction, patients
should receive LV 2 hours before or after
a dose of glucarpidase.'’ There is no rec-
ommended dosage adjustment for LV be-
cause the dose is contingent on patients’
pre-glucarpidase Cyry."°

To restore intracellular folate levels,
some researchers have advised continu-
ing high doses of LV (250 mg/m?every
6 hours) for 48 hours after glucarpidase
administration.®

Antifolate Medications

In addition to MTX, glucarpidase
may cleave other antifolate medica-
tions, including aminopterin (formerly
made by Lederle), pemetrexed (Alimta,
Eli Lilly), pralatrexate (Folotyn, Allos/
Spectrum), and raltitrexed (Tomudex,
AstraZeneca).'®

Drugs That Decrease Urinary pH
Or Renal Elimination

McBride et al. noted that although
many interacting drugs are not listed in
the product information for glucarpidase,
they may complicate recovery after high-
dose MTX therapy.* Examples include
nonsteroidal anti-inflammatory drugs
(NSAIDs), antibiotics, proton pump
inhibitors (PPIs), immunosuppressants,
contrast dyes, and vitamins.** NSAIDs,
such as aspirin, ibuprofen, indomethacin,
and naproxen (Naprosyn, Roche), could
displace MTX from protein-binding sites
and decrease renal clearance.*

Antibiotics, such as beta-lactams and
vancomycin (Vancocin, ViroPharma),
and PPIs, such as omeprazole (Prilosec)



Table 3 Adverse Effects of Glucarpidase From Select Clinical Trials and

Compassionate Use Experiences*

Study Patients (n) Reported Adverse Drug Effects (n, %)
DeAngelis LM, et al. 4 | Rash (n=1, 25%)
(1996)*
Widemann BC, et al. 20 | Flushing (n =2, 10%)
(1997)% Head pressure (n=1, 5%)
Minimal burning of face/extremities (n =1, 5%)
Shaking (n=1, 5%)
Tingling fingers (n =1, 5%)
Warmth (n =2, 10%)
Buchen S, et al. 58 | Flushing (n =2, 3.4%)
(2005)% Shaking (n =1, 1.7%)
Widemann BC, et al. 100 | Erythema and pruritus of face and legs (n =1, 1%)
(2010)* Flushing (n =2, 2%)
Head pressure (n =1, 1%)
Minimal burning of face and extremities (n =1, 1%)
Neck rash within a day after glucarpidase (n =1, 1%)
Numbness/burning sensation around penis (n =1, 1%)
Shaking (n =1, 1%)
Tingling fingers (n =1, 1%)
Warmth (n =2, 2%)
Manufacturer’s Studies 290 | Blurred vision (n =1, <1%)
1and 2% Diarrhea (n =1, <1%)
Flushing (n =5, 2%)
Headache (n =2, 1%)
Hypersensitivity (n =1, <1%)
Hypertension (n =1, <1%)
Hypotension (n =2, 1%)
Nausea/vomiting (n =5, 2%)
Paresthesia (n =7, 2%)
Rash (n =1, <1%)
Throat irritation and throat tightness (n =1, <1%)
Tremor (n =1, <1%)
Widemann BC, et al. 429 | Flushing (1.8%)
(2012) Headache (1%)
Paresthesia (2%)
Note: Krause AS, et al. (2002)? and Schwartz S, et al. (2007)?° did not report any adverse effects of
glucarpidase.
* Studies are listed in order of number of patients affected.

and esomeprazole (Nexium, both Astra-
Zeneca), pantoprazole (Protonix, Pfizer),
and lansoprazole (Prevacid, Takeda),
decrease renal elimination of MTX.3%
Vitamin C and glutamine decrease the
urinary pH and promote the precipitation
of MTX in the renal tubules.?4%6:7
Santucci et al. reported a 27% decrease
in the clearance of MTX and a 39% de-
crease in the clearance of 7-hydroxy-MTX
after a combination of PPI treatment and
HDMTX.? In this setting, dose-adjust-
ed histamine-2 receptor antagonists
(H,RASs), including ranitidine (Zantac,
GlaxoSmithKline) and famotidine (Pep-

cid, Merck), were recommended as sub-
stitutes for PPIs.*

DRUG-LABORATORY
INTERACTIONS

As one of the inactive metabolites
of MTX resulting from treatment with
glucarpidase, DAMPA interferes with
or cross-reacts with immunoassay meas-
urements, such as the fluorescence po-
larization immunoassay (FPIA). DAMPA
has a long halflife (9 hours), and these
immunoassays are likely to overestimate
the actual Cy;y. Therefore, a chromato-
graphic method, such as high-pressure
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liquid chromatography (HPLC), is pre-
ferred for measuring the C,;x within 48
hours after glucarpidase administration.*®

CONTRAINDICATIONS

No contraindications are listed in the
prescribing information for glucarpi-
dase.’®

DOSAGE AND ADMINISTRATION

The standard dose of glucarpidase is
a single IV bolus injection of 50 units/kg
administered over a period of 5 minutes.!
The drug is sold as a sterile, preservative-
free white lyophilized powder with 1,000
units per single-use vial. Each vial also
contains lactose monohydrate (10 mg),
Tris-HCl (0.6 mg), and zinc acetate di-
hydrate (0.002 mg)."

Glucarpidase is reconstituted with
1 mL of sterile saline (0.9% sodium chlo-
ride) for injection, USP. The vial should be
rolled and tilted gently (not shaken) to mix
the contents. The vial must be discarded
if the reconstituted solution is not clear,
colorless, or free of particulate matter. Glu-
carpidase is administered immediately
upon reconstitution, or it may be stored
under refrigeration (but not frozen) at
36° to 46°F (2°-8°C) for up to 4 hours.1?

Patients should receive hydration and
alkalinization of the urine as required. In
addition, LV therapy should be provided
2 hours before or after a dose of glucar-
pidase. The spacing in administration
is necessary because LV and its active
metabolite (5-mTHF) are substrates for
the enzyme.

Within the first 48 hours after glucar-
pidase is given, the same LV dose pro-
vided before glucarpidase should be
continued afterward. After 48 hours, LV
doses should be adjusted based on chro-
matographic (not assay) measurements
of the Cyx and continued for a minimum
of 3 days."?

P&T COMMITTEE
CONSIDERATIONS

Although no pharmacoeconomic stud-
ies of glucarpidase are available, the Cen-
ters for Medicare & Medicaid Services
(CMYS) granted the drug’s manufacturer
(BTG International, Inc.) a temporary,
new technology add-on payment, effec-
tive October 1, 2012, in which the federal
government will pay hospitals up to 50%
of the cost of glucarpidase in addition to
the standard Diagnosis-Related Group
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(DRG) reimbursement payment. This
add-on payment for glucarpidase is ex-
pected to last for 2 to 3 years until the
standard DRGs are recalibrated to in-
clude this new technology. CMS aims
to provide a maximum add-on payment
of $45,000 per patient for glucarpidase.®®

CONCLUSION

Among its many adverse effects,
HDMTX therapy may lead to toxic lev-
els (above 1 ymol/L) and elevated se-
rum creatinine in adult and pediatric
patients with underlying risks of renal
dysfunction. Several clinical trials and
compassionate use experiences have
demonstrated the considerable safety
and efficacy of glucarpidase for lower-
ing the Cyx. Although the majority of
patients benefit from the standard-of-care
regimen (LV, urinary alkalinization, and
hydration), the decreases in Cyy are not
always satisfactory. Glucarpidase should
be considered as an addition to protocols
for select patients who experience renal
dysfunction and toxic MTX levels.
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