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The purpose of VA PBM Services drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section when the information is deemed to be no longer current.
Executive Summary:  

Efficacy:

· High-dose methotrexate (MTX), defined as doses greater than 1 g/m2, is a component of treatment regimens for Primary CNS Lymphoma (PCNSL), non-Hodgkin’s lymphoma, osteosarcoma and acute lymphoblastic leukemia (ALL).  

· These high doses require leucovorin rescue to prevent lethal MTX toxicity, in addition to vigorous hydration and urine alkalinization to enhance solubility and renal excretion of MTX.

· Glucarpidase is a recombinant bacterial enzyme (carboxypeptidase) that converts methotrexate (MTX) to its inactive metabolite DAMPA, providing an alternate non-renal pathway for elimination.

· The FDA-approved glucarpidase in 2012 as an antidote to methotrexate toxicity secondary to renal impairment.

· One dose (50 U/kg IV x 1) has been shown to effectively reduce plasma methotrexate levels in the setting of renal impairment.  Repeated doses have not been shown to provide additional benefit.

· The primary efficacy endpoint in the clinical trials for glucarpidase was the Rapid and Sustained Clinically Important Reduction (RSCIR).  Ten of 22 patients (45%) achieved RSCIR  Patients with pre-glucarpidase MTX levels > 50 µmol/L achieved greater than 95% reduction in MTX concentrations for up to 8 days following glucarpidase dose, but none achieved RSCIR.

Safety:

· The most common adverse events (incidence > 1%) noted with glucarpidase are paresthesias, flushing, nausea and/or vomiting, hypotension and headache.

· Adverse event data is confounded by the population in which glucarpidase was studied.  This includes patients with renal insufficiency and toxic plasma MTX concentrations.  Events resulting from toxic MTX levels include myelosuppression, mucositis, acute hepatitis, renal dysfunction/failure.  

Note: This document contains an appendix entitled “Considerations for Use” to assist providers in using glucarpidase to reduce toxic MTX levels in cases of renal insufficiency.
Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating glucarpidase for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

High-dose methotrexate (MTX), defined as doses greater than 1 g/m2, is a component of treatment regimens for Primary CNS Lymphoma (PCNSL), non-Hodgkin’s lymphoma, osteosarcoma and acute lymphoblastic leukemia (ALL).  These high doses require leucovorin  rescue to prevent lethal MTX toxicity, in addition to vigorous hydration and urine alkalinization to enhance solubility and renal excretion of MTX.1  While leucovorin protects normal cells from MTX toxicity, it does not affect its clearance.  Despite these preventative measures, acute renal toxicity from MTX is reported to occur in 2-10%.2   Until the availability of glucarpidase, extracorporeal removal of MTX was the only effective means to lower plasma MTX levels in the situation of renal failure.
Pharmacology/Pharmacokinetics3
Glucarpidase is a recombinant bacterial enzyme (carboxypeptidase) isolated from Pseudomonas species strain RS-16 and produced in genetically modified Escherichia coli.  It hydrolyzes the carboxyl-terminal glutamate residue from folic acid and classic antifolates such as MTX, converting MTX to its inactive metabolite DAMPA (4-deoxy-4-amino-N10-methylpteroic acid and glutamate.  This action provides an alternate non-renal pathway for MTX elimination.
In the absence of MTX, glucarpidase was studied in eight healthy subjects after receiving glucarpidase 50 Units/kg IV over 5 minutes.  Serum glucarpidase activity levels were measured via enzymatic assay while serum total glucarpidase concentrations were measured by ELISA.  

Serum glucarpidase activity levels exhibited a mean elimination half-life of 5.6 hours.  The mean Cmax was 3.3 µg/mL with a mean AUC0-inf 23.3 µg/mL.  The mean systemic clearance was 7.5 mL/min and mean Vd was 3.6 L, suggesting that distribution is restricted to plasma volume.  

Pharmacokinetic parameters from serum total glucarpidase concentrations were similar to the parameters noted by serum glucarpidase activity levels, except for a longer half-life of 9 hours.
FDA Approved Indication3
Glucarpidase has been available in the U.S. and Europe since 1993 on a compassionate-use basis.

In January of 2012, Glucarpidase received the FDA approved indication for the treatment of toxic plasma methotrexate concentrations (> 1 micromole per liter) in patients with delayed methotrexate clearance due to impaired renal function.
Limitation of Use

Because of the potential risk of subtherapeutic exposure to methotrexate, glucarpidase is not indicated for use in patients with the expected clearance of methotrexate (plasma MTX concentration within 2 standard deviations of the mean MTX excretion curve specific for the dose administered) or those with normal or mild renal impairment.
Potential Off-label Uses

This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).

Emergent use of glucarpidase for the treatment of intrathecal methotrexate overdose has been reported.  Seven cancer patients received glucarpidase 2000 U intrathecally 3-9 hours after receiving an accidental overdose of intrathecal MTX.  Following administration, CSF concentrations of MTX were reduced by more than 98%.  This resulted in complete recovery from the MTX overdose in all patients except for two, who sustained memory impairment.4
Current Therapeutic Alternatives

There are no other pharmacologic alternatives for the reduction of toxic methotrexate plasma levels in the setting of renal dysfunction.
High-flux hemodialysis has been considered to be the most effective method of extracorporeal methotrexate removal.  This intensive procedure requires 5-6 daily treatments (each lasting 4-6 hours in duration) with a very high blood flow rate (400 ml/min).5
Dosage and Administration3
Refer to the Special Handling Drugs link on the PBM Intranet site https://vaww.cmopnational.va.gov/cmop/PBM/default.aspx  for ordering details.

Glucarpidase is administered as a single intravenous injection of 50 Units per kg over 5 minutes.
Preparation

Each vial contains 1000 Units as a lyophilized powder and should be reconstituted with 1 ml sterile saline for injection, USP.  The vial should be gently rotated, but not shaken to mix.  

Drug should be used immediately or stored under refrigerated conditions at 36-46° F (2-8°C) for up to 4 hours.  No preservative is included, as each vial is for single-use only.

Contraindications

None

Warnings and Precautions3
Serious Allergic Reactions

Serious allergic reactions were reported in less than 1% of patients.

Monitoring MTX Concentration/Interference with Assay

DAMPA (4-deoxy-4-amino-N10-methylpteroic acid) is an inactive metabolite of MTX that results from treatment with glucarpidase.  DAMPA will interfere with immunoassays used to measure MTX concentrations and result in overestimated values.   DAMPA has a long half-life (~9 hours), therefore any MTX measurement using immunoassay measures will be unreliable for samples collected within 48 hours of glucarpidase administration.  MTX concentrations within 48 hours following administration of glucarpidase can only be reliably measured by a chromatographic method.
Continuation and Timing of Leucovorin Rescue

Leucovorin is a substrate for glucarpidase, therefore it should not be given within 2 hours of a glucarpidase dose.

For the first 48 hours post-glucarpidase, give the same leucovorin dose as given prior to glucarpidase.  Beyond the first 48 hours, give leucovorin based on the measured MTX concentration.  
Do not discontinue leucovorin based on the determination of a single MTX concentration that is below the leucovorin treatment threshold.  Continue leucovorin until the MTX concentration has been maintained below the leucovorin treatment threshold for a minimum of 3 days.
Efficacy 

Efficacy Measures

The primary efficacy endpoint for glucarpidase is the Rapid and Sustained Clinically Important Reduction (RSCIR).  This endpoint was defined as the proportion of patients with a reduction in plasma MTX concentration to < 1 µmol/L in all post-glucarpidase samples.  The value of 1 µmol/L was selected because MTX values below this can be managed with leucovorin and values above this level have a higher incidence of severe toxicity.
Summary of efficacy findings 

· Glucarpidase received FDA-approval based upon an analysis of a subset of patients who were treated in a set of multicenter, single-arm, compassionate use clinical trials.  
· In a single-arm, open-label fashion, a total of 22 patients with evidence of delayed MTX elimination secondary to renal dysfunction were given glucarpidase 50 U/kg via IV injection
· Patient population was 59% male, median age 15.5 years (5-84 yrs) and diagnosis of osteogenic sarcoma (50%) and leukemia/lymphoma (45%)

· Patients with pre-glucarpidase MTX concentrations > 100 µmol/L were to receive a second glucarpidase injection 48 hours after the initial dose

· Primary outcome measure was a rapid and sustained clinically important reduction (RSCIR) in MTX concentration defined as plasma MTX concentration < 1 µmol/L at 15 minutes that was sustained for up to 8 days after initial dose

Table 1. Results following the first glucarpidase dose

	MTX conc pre-glucarpidase (µmol/L)
	Number of patients
	Patients achieving RSCIR n(%)
	>95% rapid reduction in MTX conc and maintained up to 8 days

	> 1
	22
	10 (45%)
	20 (91%)

	> 1 to < 50
	13
	10 (77%)
	11 (85%)

	> 50 to < 100
	2
	0
	2 (100%)

	> 100
	7
	0
	7 (100%)


· An exploratory analysis suggests that the pre-glucarpidase MTX concentration determines the likelihood of obtaining RSCIR.  Those patients with MTX values > 50 µmol/L achieved greater than 95% reduction in MTX concentration for up to 8 days, although none of them achieved a RSCIR.
Lack of Efficacy noted with Second Dose of Glucarpidase

· Of 7 patients with MTX concentrations > 100 µmol/L initially, six of them received a second glucarpidase dose 48 hours after their first dose.  Four patients with MTX concentrations > 1 µmol/L prior to their second glucarpidase dose did not achieve RSCIR.  Two remaining patients achieved a RSCIR, but their MTX level prior to the second glucarpidase dose was already < 1 µmol/L.

For additional details on the efficacy results of the clinical trials leading to FDA-approval, refer to Table 3. Summary of Glucarpidase Clinical Trial Data.
Adverse Events (Safety Data)

Adverse event data is confounded by the population in which glucarpidase was studied.  This includes patients with renal insufficiency and toxic plasma MTX concentrations.  Events resulting from toxic MTX levels include myelosuppression, mucositis, acute hepatitis, renal dysfunction/failure.  

The safety profile is based upon patients treated in 2 single-arm, open-label, multicenter trials in 290 patients with evidence of delayed MTX clearance due to renal impairment.  
Deaths and Other Serious Adverse Events 

Serious allergic reactions, that include anaphylaxis, can occur with glucarpidase.
Common Adverse Events

The most common adverse events (incidence > 1%) noted with glucarpidase are paresthesias, flushing, nausea and/or vomiting, hypotension and headache.
Table 2. Incidence of Grade 1 or 2 ADRs assessed as possibly, probably or definitely related to glucarpidase excluding hematology, hepatic or renal adverse reactions
	Adverse reaction
	N=290, n (%)

	Paresthesias
	7 (2)

	Flushing, feeling hot, burning sensation*
	5 (2)

	Nausea, vomiting
	5 (2)

	Headache
	2 (1)

	Hypotension
	2 (1)

	Blurred Vision
	1 (<1)

	Diarrhea
	1 (<1)

	Hypersensitivity
	1 (<1)

	Hypertension
	1 (<1)

	Rash
	1 (<1)

	Throat irritation/tightness
	1 (<1)

	Tremor
	1 (<1)


* one event classified as Grade 3 severity

For further details on the safety results of the clinical trials, refer to Table 3.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from three data sources (Lexi-Comp, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name glucarpidase:  glucophage, glucagon
LA/SA for trade name Voraxaze:  voriconazole, Viokase
Drug Interactions

Drug-Drug Interactions

Leucovorin – Leucovorin is a substrate for glucarpidase.  Do not give leucovorin within 2 hours before or after a dose of glucarpidase.  Dosing of leucovorin is based on the patient’s pre-glucarpidase MTX concentration, therefore there is no dosage adjustments recommended for continuing the leucovorin regimen.
In a study of cancer patients receiving high-dose MTX with leucovorin rescue, the IV administration of glucarpidase 2 hours before leucovorin reduced (6S)-leucovorin AUC0-3h by 33% and Cmax by 52%.  It also reduced its active metabolite, (6S)-5-methyltetrahydrofolate, AUC0-3h by 92% and Cmax by 93%.
Drug-Lab Interactions

Monitoring MTX Concentration/Interference with Assay

DAMPA (4-deoxy-4-amino-N10-methylpteroic acid) is an inactive metabolite of MTX that results from treatment with glucarpidase.  DAMPA will interfere with immunoassays used to measure MTX concentrations and result in overestimated values.   DAMPA has a long half-life (~9 hours), therefore any MTX measurement using immunoassay measures will be unreliable for samples collected within 48 hours of glucarpidase administration.

Acquisition Costs

Refer to VA pricing sources for updated information.
Conclusions

Glucarpidase has been available for many years on a compassionate-use basis and is now FDA-approved as an antidote to methotrexate toxicity secondary to renal impairment.  Prior to the availability of glucarpidase, extracorporeal removal of methotrexate via high-flux hemodialysis was considered to be the most effective method of methotrexate removal.  There is no other pharmacologic alternative in this setting.

Glucarpidase has been shown to effectively reduce plasma methotrexate levels in the setting of renal impairment with one dose.  Repeated doses have not been shown to provide additional benefit.
Renal impairment post-high dose MTX therapy can be life-threatening.  Preventative measures such as urine alkalinization, vigorous hydration and leucovorin rescue are paramount to the successful administration of this therapy.  Close monitoring of renal function and serum MTX levels are critical to ensure that MTX is being appropriately cleared.  The need for glucarpidase therapy should be decided at predetermined time points (e.g. 24 or 48-hour MTX levels) to avoid a potential delay in dosing.
Refer to Appendix A to review the Considerations for Use.
Appendix A.
Glucarpidase (Voraxaze®) 
Considerations for Use

VA Pharmacy Benefits Management Services, Medical Advisory Panel, and VISN Pharmacist Executives

The following considerations are based on medical evidence, clinician input, and expert opinion.  The purpose is to educate and serve as a resource to practitioners in clinical decision-making, to standardize and improve the quality of patient care.

The Product Information should be consulted for detailed prescribing information.
	Patient Considerations.  

	Consider using glucarpidase in the following settings:


    (  Patient received high-dose methotrexate (defined as methotrexate dose > 1 gm/m2 via intravenous     

          infusion) 

(  Evidence of impaired renal function (defined as estimated CrCl < 60 ml/min) 
(  AND ONE of the following:
    
( Serum MTX level > 2 standard deviations above the mean > 12 hours after MTX administration
   
( Serum MTX level > 10 µM at 42 hours following the start of MTX infusion
    
( Serum MTX level > 50 µM at 24 hours following the completion of MTX infusion 
and serum MTX  level > 5 µM at 48 hours    
	Patients should NOT receive glucarpidase in the following settings:



(  Patients who exhibit the expected methotrexate (MTX) clearance (defined as plasma MTX   

          concentrations within 2 standard deviations of the mean for the dose administered) OR

(  Patients with normal or mildly impaired renal function due to potential risk of subtherapeutic 
          exposure to MTX
	Dosing and Administration


· VA facilities can place orders for Voraxaze with McKesson Plasma and Biologics (MPB). MPB will arrange for a drop-shipment order which typically arrives at the facility the next day.  There is no specialty pharmacy involvement required.

· Glucarpidase dose is a one-time dose given as 50 U/kg via intravenous injection over 5 minutes.

· Flush IV line before and after administration.

· Repeated doses have not been shown to provide benefit.

· Standard monitoring procedures for high-dose MTX administration should be followed and include body weight, I&O, serum creatinine, MTX levels, urine pH
· MTX concentrations drawn within 48 hours of a glucarpidase dose should be analyzed via chromatographic methods, as the inactive MTX metabolite (DAMPA) will interfere with immunoassay results.  If immunoassay is used, realize that the measurement of MTX is unreliable for samples collected within 48 hours of a glucarpidase dose.
· Critically evaluate MTX levels for accuracy with regards to timing of lab draw in relation to MTX infusion; consider repeating MTX level if prior value is questionable.

	Dosing and Administration (continued)

Leucovorin should continue to be provided, but should not be administered within 2 hours before or after glucarpidase dose.

· For the first 48 hours post-glucarpidase dose, continue same leucovorin dose as given prior to glucarpidase.  

· Beyond 48 hours, give leucovorin based on measured MTX levels according to nomogram.

· Continue leucovorin until MTX concentration has been maintained below the leucovorin treatment threshold  (< 1 x 10-7 M or 0.1 µM) for a minimum of 3 days. Refer to Bleyer nomogram below.

· Hydration and alkalinization of urine should be continued
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Adapted from Bleyer WA. Therapeutic drug monitoring of methotrexate and other antineoplastic drugs. In: Baer DM, Dita WR, eds. Interpretations in Therapeutic Drug Monitoring. Chicago: American Society of Clinical Pathology, 1981:169–181. ©1981 American Society of Clinical Pathologists.
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Table 3. Summary of Glucarpidase Clinical Trial Data
	Citation

Design
	Eligibility Criteria
	Interventions
	Patient Population Profile
	Efficacy 
Results
	Safety Results
	Author’s conclusions



	Widemann 1997 [6]
29 centers

Jan 00-Aug 03

N=20


	MTX conc > 10

 at > 42 hours OR
SCr > 1.5

U/O < 500ml/24 hrs and delayed MTX (> 2 SDs above the mean > 12 hrs post-MTX dose
	G 50U/kg IV q4hrs x 3 doses (n=6)

G 50 U/kg IV x 1 (n=12) or q 24hrs x 2 doses (n=2)

T 8g/m2/d x 48hrs post-G until MTX < 1 µmol/L

MTX samples:

Prior to G, 

15min post-G,

then 1 hr, 4 hrs, and every 24 hrs until MTX < 0.1 µmol/L
	Median age 16 (0.3-60)
NHL 43%

ALL 32%

PCNS 18%

MTX dose (range, 2.5-12 g/m2)

Median MTX conc 201 (3.4-1290 µmol/L)
Median SCr 3.2 (0.8-5.2)
	Median 98.7%⇓ in MTX
Conc 15 min post-G dose;

2nd and 3rd G doses did not further ⇓ MTX conc;

Median 22 days for SCr values to return to normal
	Two patients died despite G: one died when G given 12 days after MTX; one died post-GI bleed 8 days after G
	G was effective in reducing MTX conc in the setting of renal dysfunction

	Widemann 2010 [7]
149 centers

Nov 93-May 04

N=100


	MTX conc > 2 SDs at  > 12 hrs;
> 10 at > 42 hrs

SCr > 1.5 or 

Clcr < 60
	G 50 U/kg IV x 1 OR
2G doses separated by 24 hours OR

3G doses every 4 hours

T 8g/m2/day CIVI after last G dose until MTX level < 1 µmol/L (first 35 pts)

LCV 1g/m2 IV q6hrs pre-G, then 250mg/m2 IV q6hrs x 48hrs post-G

MTX samples:

Prior to G,

15 min post-G, then

At 30 min, 1 hr, 2 hrs post-G, then daily
	Median age 17 (0.4-82)
Osteosarcoma 45%

ALL 30%

NHL 27%

Median MTX dose 7.7g/m2


	Plasma MTX conc ⇓ within 15 min after first G dose by 98.7% (range, 84-99.2%) in T patients vs. 98.8% in non-T patients
2nd and 3rd G doses did not result in additional ⇓ in MTX conc

Small rebound in MTX conc noted for 30 of 75 patients

SCr peaked at median 4 days (range, 1-13 days);

Recovery at median 22 days

(range, 5-77 days)
	Twelve patient deaths; 6 directly related to MTX toxicity
Gr 4 BMS;

Gr 3 or 4 mucositis;

Sepsis, TEN

AEs: grade 1 flushing, warmth, tingling, burning, shaking
	Early intervention with leucovorin and G is effective in setting of MTX-induced renal dysfunction
Grade 4 toxicity assoc with inadequate LCV rescue within first 3 days of MTX exposure, diuretic use and G given more than 96 hrs from MTX exposure.

No additional benefit from thymidine.

	Schwartz [8]
48 centers

N=43

March 97-March 02


	MTX conc > 2 SDs at > 12 hrs;
> 10 at > 36 hrs;

> 5 at > 42 hrs;

> 3 at > 48 hrs

SCr > 1.5 and ⇑
⇓ diuresis
	50 U/kg IV x 1;
Second dose with ⇓ MTX > 1 log but still > 1 µmol/L

MTX samples:

Prior to G,

15 min post-G, then at 30 min, 1 hr, 2 hrs post-G
	Median age 54 (18-78)
ALL 30%

NHL 27%

PCNSL 37%

Osteosarcoma 2%
Serum MTX 10.5 µmol/L (1-1,187)

Median time to G: 56 hrs (27-176)
	Serum MTX ⇓ within median 15 min (7-50) to 97% reduction
Repeat G doses to 3 patients ⇓ efficacy likely d/t interference w/metabolite DAMPA
	Gr 3,4 tox:

19% renal toxicity;
60% heme;

35% mucositis;

16% liver;

14% CNS

23% died d/t complications assoc w/MTX
	G is well-tolerated in older population; quickly reduces serum MTX levels
High frequency of severe toxicities noted in this population

	Widemann [9]
Pooled analysis

136 centers

June 04-April 07

Efficacy data analyzed post-hoc for primary endpoint RSCIR


	MTX conc > 2 SDs at > 12 hrs; 

> 50 at > 24 hrs;
> 10 at > 42 hrs;

> 5 at > 48 hrs

SCr > 1.5 or 

Clcr < 60


	50 U/kg IV x 1;

Second dose at 48 hrs if pre-G MTX conc > 100 µmol/L
+ LCV per std practice

MTX samples:

Prior to G,

15 min post-G, then

1 hr, 2 hrs post-G, then daily x 8 days
	Median age 20 (0-84)
Osteosarcoma 54%

NHL 24%

PCNS 15%

Median time to G: 3 days (2-12)

% rec’d 2nd or 3rd G dose: 30%
	87% with > 95% ⇓ in serum MTX at 15 min.
RSCIR by 59%

Pre-G MTX conc > 50 µmol/L less likely to achieve RSCIR than < 50 µmol/L

Post-G, SCr ⇑0.24 mg/dl over 3 days, then ⇓
64% ⇓ SCr to Gr 0,1 with median time 12.5 days
	Common AE related to G: paresthesia 2%; flushing 1.8%
	G caused clinically significant and sustained reduction in serum MTX levels and provided a non-invasive mechanism to rescue from MTX toxicity


NR, Number randomized; MTX methotrexate; U/O urine output; SD standard deviation; G glucarpidase; NHL non-Hodgkin’s lymphoma; ALL acute lymphoblastic leukemia; PCNS primary CNS lymphoma; SCr serum creatinine; CrCl creatinine clearance; T thymidine; LCV leucovorin; BMS bone marrow suppression; TEN toxic epidermal necrolysis
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