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510(k) SUMMARY 
 

 

This summary of 510(k) safety and effectiveness information is being submitted in 
accordance with the requirements of SMDA 1990 and 21 CFR 807.92. 

The assigned 510(k) number is _________________. 

 
807.92 (a)(1): Name: ARK Diagnostics, Inc. 

Address: 1190 Bordeaux Drive 
    Sunnyvale, CA 94089 
   
  Owner Operator Number:  10027663 
  Establishment Registration:  3005755244 
 

Phone: (408) 747-0700 
 FAX: (408) 747-0783  
 Contact: Kenneth C. Kasper, PhD – (408) 747-0708 
  Executive Director of Quality and Regulatory Affairs 
 
 Date prepared: June 30, 2011 
 
807.92 (a)(2): Device name- trade name and common name, and classification 
 

Trade name:  ARK™ Methotrexate Assay 
ARK™ Methotrexate Calibrator 
ARK™ Methotrexate Control 
ARK™ Methotrexate Dilution Buffer 

 
 Common Name: Homogeneous Enzyme Immunoassay 

 
  Classification:       21 CFR 862 Clinical Chemistry Test System - Toxicology;  

Test Code LAO; Enzyme Immunoassay, Methotrexate 
Pre-Amendment Device, Unclassified  

  (21 CFR 862.3200 DLJ, 21 CFR 862.3280 LAS) 
 
807.92 (a)(3): Identification of the legally marketed predicate device 
 
Abbott TDx®/TDxFLx® METHOTREXATE II (K932615)
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807.92 (a)(4): Device Description  
 
The ARK Methotrexate Assay is a homogeneous immunoassay based on competition between 
drug in the specimen and Methotrexate labeled with the enzyme glucose-6-phosphate 
dehydrogenase (G6PDH) for binding to the antibody reagent. As the latter binds antibody, 
enzyme activity decreases. In the presence of drug from the specimen, enzyme activity increases 
and is directly proportional to the drug concentration. Active enzyme converts the coenzyme 
nicotinamide adenine dinucleotide (NAD) to NADH that is measured spectrophotometrically as 
a rate of change in absorbance. Endogenous serum G6PDH does not interfere with the results 
because the coenyzme NAD functions only with the bacterial enzyme used in the assay. 
 
The ARK Methotrexate Assay consists of reagents R1 anti-Methotrexate polyclonal antibody 
with substrate and R2 Methotrexate labeled with bacterial G6PDH enzyme. The ARK 
Methotrexate Calibrator consists of a six-level set to calibrate the assay, and the ARK 
Methotrexate Control consists of a six-level set used for quality control of the assay (tri-level 
calibration range set and tri-level high range set). The ARK Methotrexate Dilution Buffer is 
equivalent to zero calibrator (Calibrator A). 
 
 
807.92 (a)(5): Intended Use / Indications for Use 

  
The ARK Methotrexate Assay is a homogeneous enzyme immunoassay intended for the quantitative 
determination of methotrexate in human serum or plasma on automated clinical chemistry analyzers. The 
measurements obtained are used in monitoring levels of methotrexate to ensure appropriate therapy. 

The ARK Methotrexate Calibrator is intended for the calibration of the ARK Methotrexate Assay. 

The ARK Methotrexate Control is intended for the quality control of the ARK Methotrexate Assay. 

The ARK Methotrexate Dilution Buffer is intended for the dilution of specimens containing high 
concentrations of methotrexate. 
 
Specimens from patients who have received glucarpidase (carboxypeptidase G2) as a high dose 
methotrexate rescue therapy should not be tested with the ARK Methotrexate Assay.
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807.92 (a)(6): Technological Similarities and Differences to the Predicate 
 

SUBSTANTIAL EQUIVALENCE COMPARATIVE CHART 
 

Comparison between the ARK™ Methotrexate Assay and TDx®/TDxFLx® Methotrexate II Assay 
Characteristic Device 

ARK™ Methotrexate  Assay 

Predicate 

Abbott TDx®/TDxFLx® Methotrexate II 
(K932615) 

Intended Use The ARK™ Methotrexate Assay is intended 
for the quantitative determination of 
methotrexate in human serum or plasma on 
automated clinical chemistry analyzers. 

The TDx®/TDxFLx® Methotrexate II assay 
is a reagent system for the quantitative 
measurement of methotrexate, an 
antineoplastic drug, in serum or plasma.  

Indications for Use The measurements obtained are used in 
monitoring levels of methotrexate to ensure 
appropriate therapy. 

The measurements obtained are used in 
monitoring levels of methotrexate to ensure 
appropriate therapy. 

Sample Serum or plasma Serum or plasma 

Methodology Homogenous enzyme immunoassay (EIA) Fluorescence polarization immunoassay 
(FPIA) 

Reagent 
Components 

Two (2) reagent system: 

Anti-Methotrexate Antibody/Substrate 
Reagent (R1) containing rabbit polyclonal 
antibodies to Methotrexate, glucose-6-
phosphate, nicotinamide adenine 
dinucleotide, bovine serum albumin, 
preservatives, and stabilizers 

Enzyme Reagent (R2) containing 
Methotrexate labeled with bacterial G6PDH, 
buffer, bovine serum albumin, preservatives, 
and stabilizers 

Reagent Pack: 

W = Wash solution, solvent, sodium azide 

S = Methotrexate Antibody (mouse 
monoclonal), buffer, protein and sodium 
azide  

T = Methotrexate Fluorescein Tracer, buffer, 
protein, surfactant and sodium azide 

P = Pretreatment Solution, protein, surfactant 
and sodium azide 

Platform required Automated clinical chemistry analyzer TDx clinical chemistry analyzer 

Accessory reagents Calibrators (six levels) and controls (six 
levels) in a synthetic matrix; Dilution Buffer 

Calibrators (six levels) and controls (six 
levels) in human serum; Dilution Buffer 

Testing 
environment 

Routine clinical laboratory Routine clinical laboratory 

Reagent condition 
and storage 

 Liquid, 2-8˚ C  Liquid, 2-8˚ C 
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807.92 (b)(1) and 807.92 (b)(2):  
Brief Description of Nonclinical and Clinical Data 

 
Limit of Quantitation (LOQ) 

 
The following characteristics were determined according to CLSI EP17-A for the ARK 
Methotrexate Assay. Analyzer-specific performance may vary. 
 

Criterion MTX Concentration 
(μmol/L) 

Limit of Blank (LoB); N = 60 

μB + 1.645 SD , where SD = 0.005 

0.01 

Limit of Detection (LoD); N = 60 

LoB + 1.652 SD, where SD = 0.005 

0.02 

Limit of Quantitation (LoQ); N = 
40 

LoQ – 2 SD > LoD 

0.04 

 
Each laboratory is responsible for determining reporting criteria for methotrexate 
concentrations. The following suggestion from CLSI EP17-A may be appropriate: 
 

Result ≤ LoB   report “not detected; concentration < LoD” 

LoB < Result < LoQ  report “analyte detected; concentration < LoQ” 

Result ≥ LoQ   report the result as measured 
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Accuracy 
 
Accuracy (analytical recovery) was performed by adding concentrated methotrexate drug into 
human serum negative for methotrexate. A certified stock concentrate of highly pure 
methotrexate was added volumetrically to human serum negative for methotrexate, representing 
drug concentrations across the assay calibration range. Six replicates of each sample were 
assayed on an automated clinical chemistry analyzer. The results were averaged and compared to 
the target concentration and percent recovery calculated. Results are shown below. 
 
 % Recovery = 100   X    Mean recovered concentration
        Target concentration 

 
 
 

Theoretical 
Concentration  

(μmol/L) 

Mean Recovered 
Concentration  

(μmol/L) 

Percentage  
Recovery 

0.06 0.07 111.1 

0.10 0.10 100.0 

0.30 0.30 98.3 

0.60 0.61 102.2 

1.00 0.99 98.8 

Mean percentage recovery: 102.1 
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Linearity 
Linearity studies were performed as suggested in CLSI/NCCLS Protocol EP6-A. A 1.30 μmol/L 
serum sample was prepared and dilutions were made proportionally with human serum negative 
for methotrexate. Linearity at specific dilutions was considered acceptable if the percent 
difference was ±10% between the predicted 1st and 2nd order regressed values for concentrations 
>0.10 μmol/L or ±0.01 μmol/L at concentrations ≤ 0.10 μmol/L. Results are shown below. 
 

Theoretical 
(μmol/L) 

Observed 
Results  

(μmol/L) 

1st Order 
Predicted 
Results 

2nd Order 
Predicted 
Results 

Difference 
(μmol/L or %)  

0.00 0.00 0.009 -0.003 na 

0.02 0.02 0.026 0.016 -0.010 μmol/L 

0.04 0.04 0.042 0.034 -0.008 μmol/L 

0.05 0.06 0.059 0.053 -0.006 μmol/L 

0.07 0.08 0.076 0.072 -0.004 μmol/L 

0.11 0.11 0.110 0.109 -0.7 % 

0.18 0.17 0.178 0.183 3.1 % 

0.36 0.34 0.347 0.364 4.8 % 

0.65 0.63 0.618 0.639 3.4 % 

0.72 0.72 0.686 0.705 2.9 % 

0.86 0.84 0.821 0.835 1.7 % 

1.01 0.99 0.957 0.960 0.4 % 

1.15 1.06 1.092 1.082 -1.0 % 

1.30* 1.19 1.228 1.199 -2.3 % 
*Concentration exceeds the claimed calibration range.  

 
 
Samples containing methotrexate between 2 and 1200 μmol/L were prepared 
proportionally in pooled human serum and then diluted into the calibration range with 
ARK Methotrexate Dilution Buffer. Regression of assayed methotrexate concentrations 
was linear throughout the range. 
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Assay Range 
 

The range of the ARK Methotrexate Assay calibration curve is 0.00 - 1.20 μmol/L. Specimens 
containing methotrexate in higher concentrations are assayed by dilution of the specimen into the 
range of the calibration curve. Report assayed values exceeding the LoD according to the 
information provided for LoQ. Multiply the assayed result by the dilution factor for specimens 
containing methotrexate above the calibration range. 
 
 

Method Comparison 

Correlation studies were performed using CLSI/NCCLS Protocol EP9-A2. Results from the 
ARK Methotrexate Assay were compared with results from Fluorescence Polarized 
Immunoassay method (monoclonal FPIA).  
 
Methotrexate concentrations by FPIA ranged 0.02 to 1440 µmol/L (µM). ARK Methotrexate 
values ranged 0.00 to 1500 μmol/L. Results of the Passing-Bablok regression analysis for the 
study are shown below (with 95% confidence limits) for 111 specimens within the calibration 
range as well as for all 157 specimens in the extended range. 
 
 

Parameter Range 0.02 to 0.97 µM Range 0.02 to 1440 µM 

Slope 1.00 (1.00 to 1.02) 0.99 (0.96 to 1.00) 

y-intercept 0.01   (0.01 to 0.01) 0.01  (0.01 to 0.01) 

Correlation Coefficient (r2) 0.971 (0.958 to 0.980) 0.998 (0.997 to  0.998) 

Number of Samples 111 na 157 na 
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Precision 
 
Precision was determined as described in CLSI/NCCLS Protocol EP5-A2. The six-level 
ARK Methotrexate Control and pooled human specimens containing methotrexate were 
used in the study. Each level was assayed in quadruplicate twice a day for 20 days. Each 
of the runs per day was separated by at least two hours. The within-run, between-day, 
total SD, and percent CVs were calculated. Results are shown below. Acceptance criteria: 
≤10% total CV at >0.10 µmol/L, SD ≤0.01 at ≤0.10 µmol/L.  

 
Within Run Between Day Total Sample N Mean 

(μmol/L) SD %CV SD %CV  SD %CV 
ARK Methotrexate Control 

LOW 160 0.06 0.005 8.1 0.005 7.1 0.007 10.6 
MID 160 0.37 0.011 3.1 0.008 2.2 0.014 3.8 

HIGH 160 0.76 0.039 5.1 0.029 3.8 0.048 6.4 
5 160 4.8 0.13 2.8 0.013 2.8 0.19 4.1 

50 160 48 1.40 2.9 2.13 4.4 2.71 5.6 
500 160 470 15.63 3.3 27.64 5.8 33.35 7.0 

Patient Pool 

LOW 160 0.07 0.006 9.1 0.005 7.5 0.008 11.7 

MID 160 0.41 0.013 3.3 0.026 6.4 0.030 7.2 

HIGH 160 0.82 0.037 4.5 0.042 5.1 0.057 6.9 

5 160 4.6 0.14 3.1 0.18 4.0 0.24 5.3 

50 160 45 1.31 2.9 2.62 5.9 2.92 6.5 

500 160 460 11.55 2.5 27.21 5.9 29.63 6.4 
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Interfering Substances 
 
Interference studies were conducted using CLSI/NCCLS Protocol EP7-A2 as a guideline. 
Clinically high concentrations of the following potentially interfering endogenous substances in 
serum with known levels of methotrexate (approximately 0.05 and 0.50 μmol/L) were evaluated. 
Each sample was assayed using the ARK Methotrexate Assay, along with a serum control of 
methotrexate. Measurement of methotrexate was not substantially affected at the levels of 
endogenous substances tested.  
 
 

  Methotrexate 
(~ 0.05 µmol/L) 

Methotrexate 
(~ 0.50 µmol/L) 

Interfering 
Substance 

Interferent 
Concentration 

Serum 
Control 

Test Serum 
Control 

Test 
(% Control) 

Albumin 12 g/dL 0.05 0.06 0.48 0.45 ( 92.8) 

Bilirubin - conjugated 70 mg/dL 0.05 0.06 0.48 0.51 (105.5) 

Bilirubin - unconjugated 70 mg/dL 0.05 0.06 0.48 0.52 (106.9) 

Cholesterol 400 mg/dL 0.05 0.06 0.47 0.49 (105.4) 

Gamma-Globulin 12 g/dL 0.05 0.06 0.48 0.51 (105.5) 

Hemoglobin 1000 mg/dL 0.04 0.05 0.49 0.45 ( 92.8) 

Intralipid® 500 mg/dL 0.05 0.05 0.43 0.45 (105.1) 

Rheumatoid Factor 1100 IU/mL 0.05 0.06 0.43 0.41 ( 96.1) 

Triglycerides 749 mg/dL 0.04 0.04 0.49 0.45 ( 91.4) 

Uric Acid 30 mg/dL 0.05 0.04 0.48 0.50 (102.8) 

 
 
Specificity - Drug Interference 
Crossreactivity to 7-Hydroxymethotrexate, the major metabolite 

The ARK Methotrexate Assay did not crossreact (≤ 0.07%)  with the major metabolite 7-
Hydroxymethotrexate. 
 
Crossreactivity to the minor, inactive metabolite 2,4-diamino-N10-methylpteroic acid (DAMPA)

The ARK Methotrexate Assay crossreacts substantially with the minor metabolite DAMPA. 
Tests were performed in the absence of the parent drug methotrexate. Crossreactivity to DAMPA 
ranged 64.3 to 100%. The assay should not be used during possible compassionate therapy with 
glucarpidase (carboxypeptidase G2) that rapidly converts circulating methotrexate to DAMPA. 
 
Drugs that crossreact 

The ARK Methotrexate Assay crossreacts slightly with triamterene and trimethoprim, however 
these drugs may be contraindicated for methotrexate cancer treatement due to additional adverse 
effects if co-administered. The structures of these compounds closely match the pteridine ring 
moiety of methotrexate. 
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  Methotrexate Absent Methotrexate Present 
0.05 µmol/L 

Methotrexate Present 
0.50 µmol/L 

Compound Tested 
(µmol/L) 

MTX 
(µmol/L) 

Cross 
Reactivity 

(%) 

MTX 
(µmol/L) 

Cross 
Reactivity 

(%) 

MTX 
(µmol/L) 

Cross 
Reactivity 

(%) 
Triamterene 25 0.46 1.85 0.89 3.32 1.04 2.31 

Trimethoprim 100 0.17 0.17 0.16 0.12 0.99 0.54 

 
 
Crossreactivity to folate analogs and other compounds 
 

The ARK Methotrexate Assay did not crossreact (≤ 0.01%) with folate analogs or other 
compounds at ≥ 1000 µmol/L as tested.  

 

Compound Tested 
(µmol/L) 

Adriamycin  1000 
Cyclophosphamide  1500 
Cytosine  1000 
Dihydrofolic Acid  1000 
DL-6-Methyl-5,6,7,8-Tetrahydropterine   1000 
Folic Acid   1000 
Folinic Acid (leucovorin) 1000 
5-Fluorouracil   3000 
6-Mercaptopurine   1000 
5-Methyltetrahydrofolic acid  1000 
Prednisolone   1000 
Pyrimethamine  1000 
Sulfamethoxazole   1600 
Tetrahydrofolic Acid  1000 
Vinblastine  1000 
Vincristine  1000 

 
 
 
Anticoagulants 
 
Studies were conducted to determine the performance characteristics of the assay for both serum 
and plasma samples containing methotrexate. 
 
The results indicate that there is no significant difference between the recovery of methotrexate 
in serum or plasma. 
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Sample Stability 
 
Human specimens were shown to be stable frozen (at least 15 months), forty-eight (48) hours at 
room temperature, refrigerated (at least 21 days) and after three (3) successive freeze/thaw 
cycles.  
 
On-Board Stability 
 
Calibration Curve Stability: A stored calibration was effective up to at least 19 days based on 
supporting data. 
 
Reagent on-board stability: Reagents were effective when stored after transfer to analyzer 
specific reagent containers for up to at least 25 days based on supporting data. In-use stability of 
calibrator and controls was also demonstrated. 
 
 
807.92 (b)(3): Conclusions from Nonclinical Testing 
 
As summarized above, the ARK Methotrexate Assay System, including the ARK Methotrexate 
Calibrator, ARK Methotrexate Control and ARK Methotrexate Dilution Buffer, is substantially 
equivalent to the Abbott TDx®/TDxFLx® METHOTREXATE II Assay system. The ARK 
Methotrexate Assay system was shown to be safe and effective for its intended use based on 
performance studies. 
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DISCUSSION

HDMTX, defined as MTX doses �1000 mg/m2 ad-
ministered by prolonged intravenous infusion fol-
lowed by leucovorin rescue, has been widely used in
the treatment of malignancies such as osteosarcoma,
acute lymphoblastic leukemia, and lymphoma. MTX
is metabolized primarily to 7-hydroxymethotrexate,
the plasma concentrations of which exceed those of
the parent compound shortly after HDMTX infu-
sion (1 ). MTX-induced acute nephrotoxicity is
thought to be due to the precipitation of MTX or its
insoluble metabolites in the renal tubules or to a
direct toxic effect of MTX on the tubules (2 ). Renal
dysfunction causes delayed MTX elimination and
unsuccessful rescue by leucovorin. Nephrotoxicity
has been reported in clinical trials in approximately
1.8% of patients with osteosarcoma treated with
HDMTX. The mortality rate is 4.4% among these
patients (3 ). MTX concentrations �10 �mol/L at 24
h, �1 �mol/L at 48 h, or �0.1 �mol/L at 72 h after
infusion are associated with a high risk for nephro-
toxicity (2 ).

HDMTX-induced nephrotoxicity is conven-
tionally managed through hydration and alkaliniza-
tion of the urine to enhance the solubility and uri-
nary excretion of MTX. Other measures include
monitoring of blood creatinine and MTX concentra-
tions, as well as pharmacokinetically guided leucov-
orin rescue to restore intracellular folate concentra-
tions. Dialysis has also been used for MTX removal.

CPDG2 is a bacterial enzyme available in a recom-
binant form cloned from Pseudomonas strain RS-16.
CPDG2 rapidly hydrolyzes the C-terminal glutamate
from MTX to form the inactive compounds 2,4-
diamino-N10-methylpteroic acid (DAMPA) and gluta-
mate, thus providing a rapid route of elimination.
CPDG2 administration in combination with thymi-
dine and leucovorin is highly effective, decreasing
plasma MTX concentration by 95%–99% within 15
min in patients with HDMTX-induced nephrotoxicity
(4, 5 ).

In a patient with an increased plasma MTX con-
centration and poor renal function, it is crucial to use a
rapid means of eliminating MTX from the circulation
to prevent further renal damage and to avoid other
toxicities, such as myelosuppression and mucositis,
that are associated with increased MTX concentra-
tions. CPDG2 administration is recommended for pa-
tients whose plasma MTX concentration is �10
�mol/L by 42– 48 h after beginning MTX infusion (2 ).
The patient in this case clearly met the criteria for re-
ceiving CPDG2.

Plasma MTX concentrations are routinely moni-
tored after HDMTX treatment to determine the rate of

drug clearance and the leucovorin dose required for
rescue. The method most commonly used for routine
MTX measurement in clinical laboratories is fluores-
cence polarization immunoassay (FPIA). In addition
to immunoassays, capillary zone electrophoresis and
HPLC methods have been described for measuring
MTX and its metabolites in biological fluids (4 ). A di-
hydrofolate reductase enzyme-inhibition assay that
uses a 96-well plate reader to measure the plasma MTX
concentration has also been introduced (5 ).

Because of the limited analytical range of the
MTX assay used in our laboratory and the wide range
of concentrations observed in our patients, our stan-
dard operating procedure involves the serial dilution
(10-fold, 100-fold, 500-fold) of samples with saline.
The discrepancy in this patient’s serially diluted
MTX measurements was due to differing concentra-
tions of the interfering MTX metabolite DAMPA,
which was present at a high concentration after
CPDG2 treatment. The package insert for the MTX
assay states that when MTX and DAMPA are both
present, the interference from DAMPA is less (an
approximately 26% false increase) than when only
DAMPA is present (up to a 59% false increase).
Thus, the results for the 10-fold dilutions in this case
back-calculated to lower MTX concentrations than
those for the 100-fold dilutions because the DAMPA
interference was reduced by the presence of MTX.
The amount of MTX present in the 100-fold dilu-
tions was well below the linear interval of the assay
and allowed greater interaction between the anti-
body and DAMPA, thereby increasing the observed
MTX concentration. This variable interference fur-
ther limits the utility of FPIA after CPDG2 adminis-
tration.

DAMPA is typically a minor metabolite of MTX,
and its plasma concentration after HDMTX infusion
is usually very low (6 ). The DAMPA interference of
MTX immunoassays is well established, however.
The MTX FPIA has shown 82.6% cross-reactivity
with DAMPA in the method that uses polyclonal an-
tibodies and 41.1% cross-reactivity in the method
that uses monoclonal antibodies (7 ). DAMPA inter-
ference causes marked MTX overestimation and
makes immunoassays unreliable for MTX measure-
ment after CPDG2 treatment. Unlike DAMPA, the
cross-reactivity of 7-hydroxymethotrexate with the
MTX FPIA is only 0.6% (8 ). In the MTX FPIA, one
would expect similar low cross-reactivity with the
hydroxylated metabolite of DAMPA and the gluc-
uronide of that molecule; however, the degree of in-
terference may be different in polyclonal antibody–
based or other forms of the immunoassay.

After the clinical laboratory staff suspected in-
terference in the MTX assay, they contacted the
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Background: Methotrexate is an antimetabolite cytotoxic drug which is predominantly renally

excreted. Vancomycin, a glycopeptide antibiotic that is used in the febrile neutropaenic patient, can be

nephrotoxic. There are no previous reports of any interactions between these two drugs.

Patients and methods: We describe two patients with osteosarcoma treated with high-dose

methotrexate-containing chemotherapy who had significantly delayed methotrexate clearance several

weeks following exposure to vancomycin.

Results: These patients were treated with alternating chemotherapy consisting of 12 g/m2 metho-

trexate, 60 mg/m2 cisplatin, 75 mg/m2 adriamycin and 15 g/m2 ifosfamide. In both patients, serum

methotrexate levels fell to below 0.2 µmol/l within 48–96 h during initial treatment cycles. However,

following recent exposure to therapeutic vancomycin in the preceding 10 days and in the absence of

overt renal impairment, both patients manifested markedly prolonged methotrexate clearance, requiring

170–231 h to reach serum levels of  less than 0.2 µM. Subclinical renal impairment was documented by

impaired glomerular filtration rates in both cases by technetium 99 m diethylene triamine penta-acetic

acid scanning. Subsequent methotrexate cycles using an unmodified schedule were cleared within 72 h.

Both cases had their glomerular filtration rate re-assessed, which showed marked improvement.

Conclusions: Recent exposure to vancomycin, even in the absence of overt renal impairment, may

adversely affect methotrexate excretion, which can subsequently lead to increased toxicity of the

antimetabolite. The glomerular filtration rate should be measured in such cases so that appropriate dose

modification of methotrexate can be made.

Key words: delayed excretion, methotrexate, nephrotoxicity, vancomycin

Introduction

Methotrexate is an important drug used in the management of
malignancy and connective tissue disorders, such as rheumat-
oid arthritis. In neoplastic disease, it can be used both in
standard doses of 30–40 mg/m2 for the treatment of breast or
bladder cancer, or high doses of 1–12 g/m2 for lymphoma,
leukaemia and osteosarcoma. These higher doses have the
potential to cause fatal toxicities and, therefore, methotrexate
dose excretion needs to be monitored carefully.

Methotrexate is an inhibitor of dihydrofolate reductase, a
critical enzyme in maintaining the intracellular folate pool in
its reduced form as tetrahydrofolate, which is important for the
synthesis of purine nucleotides and some amino acids [1]. The
volume of distribution approaches that of total body water and

∼60% is bound to albumin. Methotrexate generally follows a
triphasic elimination pattern. The three phases consist of a
distribution phase of ∼45 min and two elimination phases.
Following standard (∼40 mg/m2) or high-dose (500 mg/m2)
methotrexate, the mean elimination half-lives are 2 and 8 h,
respectively [2]. The latter two phases are prolonged in
patients with renal impairment.

A small proportion of administered methotrexate undergoes
hepatic metabolism and is subsequently eliminated by the kid-
neys. In high doses, 90% of the total methotrexate is renally
excreted unchanged. Renal clearance involves glomerular
filtration, tubular secretion and tubular resorption. As a result,
methotrexate clearance is critically dependent upon renal
function [3, 4].

High-dose methotrexate with leucovorin rescue is used in
the treatment of osteosarcoma, lymphoma and leukaemia.
This treatment is usually given as a prolonged infusion, the
duration of which can range from 4 to 48 h. High-dose metho-
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trexate is usually well tolerated provided that patients are
adequately hydrated and the urinary pH is kept above 7.
Alkalization of the urine increases methotrexate excretion and
reduces the risk of precipitation within the renal tubules,
which can lead to acute renal failure [5].

The primary toxicities of high-dose methotrexate infusions
are myelosuppression and gastrointestinal mucositis. When
mucositis occurs, its onset is usually 3–7 days post-treatment
and precedes myelosuppression. Myelosuppresssion and mucos-
itis have usually resolved by about day 14. Other toxicities
include acute and chronic hepatitis, self-limiting pneumonitis
and central nervous system disturbances [1]. The risk of
potentially fatal toxicity is significantly increased with high-
dose methotrexate in the setting of renal impairment and is
related to prolonged periods of exposure due to elevated
serum levels. At 24 and 48 h, toxicity is greater if the serum
levels are above 20 and 2 µmol/l, respectively [6].

Vancomycin is a glycopeptide antibiotic which inhibits cell
wall synthesis. It is active against Gram-positive bacteria,
including methicillin-resistant staphylococci. It is widely dis-
tributed in total body water and has a plasma half-life of 6 h.
Elimination is virtually entirely by glomerular filtration. Side
effects include infusional reactions, which may be anaphylac-
toid or the ‘redman syndrome’, and auditory and vestibular
problems including impaired hearing, tinnitus and, occasion-
ally, vestibular dysfunction [7]. Other side effects include renal
impairment manifested by increasing urea and creatinine,
especially in patients exposed to high trough serum vanco-
mycin concentrations [8]. This is more likely to occur when
patients are concomitantly exposed to aminoglycosides or in
the presence of pre-existing renal impairment [9]. This drug-
related azotaemia usually resolves within days of drug cessa-
tion.

We report two patients with osteosarcoma treated with a
chemotherapy regime containing repeated high-dose metho-
trexate in whom, initially, there was normal clearance of
methotrexate and no toxicity. However, when exposed to
vancomycin within the preceding 10 days, they had prolonged
methotrexate excretion and subsequent toxicity.

Case 1

A 29-year-old man was referred to our institute for manage-
ment of distal femoral osteosarcoma. He received pre-
operative chemotherapy consisting of repeated cycles of 12 g/m2

methotrexate, 60 mg/m2 cisplatin, 75 mg/m2 adriamycin and
15 g/m2 ifosfamide [2, 9]. The patient had no significant past
medical history predisposing him to renal impairment and
took no regular medications. The initial physical examination,
which included blood pressure and urine analysis, was nor-
mal. Initial serum levels of creatinine and urea were 0.1 mmol/
l (normal range: 0.06–0.13 mmol/l) and 7 mmol/l (2.5–7.7
mmol/l), respectively. During day 1 of treatment he received
23 g methotrexate (12 g/m2) intravenously (i.v.) over 4 h.

Twenty hours post completion of methotrexate treatment, he
commenced folinic acid i.v. every 6 h, receiving a total of 18
doses. Urine pH was kept above 7.0 during methotrexate elim-
ination. The serum methotrexate level fell to a safe level of 0.2
µmol/l within 72 h (Figure 1). There were no major toxicities
from this or subsequent chemotherapy courses. During day 49
he received a second identical course of 23 g methotrexate (12
g/m2) without complication.

He was admitted during day 130 with a non-neutropaenic
febrile illness, following recently administered cisplatin. Serum
levels of creatinine and urea were 0.07 mmol/l and 3.7 mmol/l,
respectively. Vancomycin (1 g) twice daily, 1 g cefepime three
times daily and 240 mg gentamicin daily were commenced on
the first day of admission. A vancomycin trough level on day
131, following the third dose, was 5 mmol/l    (<10 mmol/l) but
was found to be 59 mmol/l after the sixth dose. Subsequent
vancomycin doses were withheld. Gentamicin levels were
closely monitored and always fell within the therapeutic
range. Acinetobacter calcoaceticus and Strenotrophomonas
maltophilia were isolated, the peripheral access was removed
and oral bacterium was given for 1 week. During the entire
admission the patient’s renal function remained normal.

He was re-admitted on day 168 with a febrile neutropaenic
episode post high-dose ifosfamide. Again he was commenced
on 1 g vancomycin twice daily and 1 g cefepime i.v. three
times daily. A vancomycin trough level after three doses was
5 mmol/l. Vancomycin was ceased after five doses. No source
of infection was identified. His renal function remained nor-
mal throughout the admission with creatinine and urea levels
in the range of 0.08–0.09 mmol/l and 5.9–6.9 mmol/l, respect-
ively. A lower total dose of 20.2 g (12 g/m2) methotrexate was
administered on day 176 because of a reduced body surface
area (BSA). At the time, the serum creatinine was 0.08 mmol/l
and the urea was 6.9 mmol/l. Folinic rescue was administered
in an identical manner to previous cycles. Methotrexate levels
remained above 0.2 µmol/l for 231 h (Figure 1). During that
time urine was well alkalinized with the pH maintained above
7. No other renally toxic agents were administered during the
admission. Serum creatinine ranged from 0.08 to 0.16 mmol/l
over this time. The patient developed grade III mucositis.

Figure 1. Fall of serum methotrexate concentration over time, case 1.
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This had not been a feature of previous high-dose metho-
trexate cycles. On day 183 a quantitative glomerular filtration
rate (GFR) scan using technetium 99 m diethylene triamine
penta-acetic acid (DTPA) was performed measuring a value
of 64 ml/min. The subsequent methotrexate dose was adminis-
tered on day 251 and the serum level fell to less than 0.2 µM
within 96 h. A further renal scan was performed during day
260 revealing a GFR of 100 ml/min, and the final scheduled
methotrexate dose of 20.2 g (12 g/m2) was cleared within
3 days (Figure 1).

Case 2

A 29-year-old woman was admitted for chemotherapy for
distal left femur osteosarcoma prior to and following limb-
sparing surgery according to the previously mentioned proto-
col. She had no significant past medical history predisposing
her to renal impairment. The only regular medication prior to
commencement of treatment was the oral contraceptive pill.
During her first admission for chemotherapy, her clinical
examination, which included blood pressure and urine analy-
sis, was normal. Her renal function was normal with creatinine
and urea levels of 0.08 mmol/l and 3.8 mmol/l, respectively.
On day 1 the dose of methotrexate given was 20 g (12 g/m 2)
followed by folinic rescue as previously described. Methotrex-
ate fell to a safe level below 0.2 µmol/l within 72 h (Figure 2).
Subsequent chemotherapy was given without major complica-
tions, including the day 49 methotrexate dose of 20 g (12 g/m2).
On day 224 the patient was admitted with methicillin-resistant
staphylococcus epidermidis septicaemia complicating pan-
cytopaenia following recently administered ifosfamide. On
admission her creatinine and urea were 0.07 and 3.7 mmol/l,
respectively. Cefepime (1 g) i.v. three times daily was imme-
diately commenced and 1 g vancomycin twice daily was
added on day 2 due to persisting fevers. A vancomycin trough
level taken after the third dose was 4 mg/l. A repeat trough
level after the sixth dose was 12.5 mg/l, following which the
vancomycin dose was reduced to 750 mg i.v. twice daily. It
was ceased after a total of 10 doses. Her serum creatinine and
urea remained within the normal range: 0.07–0.09 and 3.2–3.5
mmol/l, respectively. On day 233 she received a methotrexate
dose of 20 g (12 g/m2) with a schedule identical to the previous

doses. Her serum creatinine and urea were 0.09 mmol/l and
3.5 mmol/l, respectively. Folinic rescue was given in an ident-
ical manner to previous cycles. The patient was well hydrated
and urine pH did not drop below 7. It took 170 h for the serum
methotrexate level to fall below 0.2 µmol/l (Figure 2). The
patient suffered grade 2 mucositis, which she had not had with
previous methotrexate treatments. No concomitant nephro-
toxic agents were administered. A renal scan performed on
day 241 revealed bilaterally impaired renal function with a
GFR value of 87 ml/min. Repeat GRF prior performed on day
317 estimated the GFR to be 100 ml/min. Her last methotrex-
ate dose was administered on day 328. She was given a lower
methotrexate dose of 19 g (12 g/m2) because of a reduced
BSA. Her renal function according to serum creatinine and
urea were normal. She again cleared the drug under 72 h
(Figure 2).

Discussion

We describe two patients with osteosarcomas, treated with
chemotherapy containing high-dose methotrexate, who mani-
fest impaired methotrexate excretion soon after exposure to
vancomycin. Both patients had previously received several
cycles of high-dose methotrexate with prompt excretion of the
drug. Although the chemotherapy regime contained several
potentially nephrotoxic agents, including methotrexate, ifos-
famide and cisplatin, it was only after recent exposure to
vancomycin that methotrexate excretion was significantly
delayed. While it is possible that the concomitant administra-
tion of other medications may have altered the extent of pro-
tein binding of methotrexate, one would predict that this
would primarily affect the peak plasma concentration rather
than drug clearance [10]. Not only did both patients have
higher peak serum levels following recent exposure to vanco-
mycin, but the excretion was markedly delayed, which could
not be explained by displacement from protein binding alone.
Our proposed hypothesis is that vancomycin can cause sub-
clinical nephrotoxicity, which may interfere with the excretion
of methotrexate.

The mechanism of vancomycin-induced nephrotoxicity is
not well understood. In animal studies, vancomycin can cause
dilation of the lumina of the renal tubules, dilation of the
Bowman’s capsule, destruction of renal epithelial cells and
formation of hyaline casts [7]. Electron microscopic examina-
tion revealed an increase in the number of vacuoles and lyso-
symes, swollen mitochondria and deformed nuclei of the
tubular epithelia [11]. This would suggest that the major site
of damage is the renal tubules. Such damage would be pre-
dicted to interfere with methotrexate excretion, as renal
handling of the drug is predominantly dependent on tubular
function. In both cases, there was documented impaired
glomerular filtration measured by a quantitative GRF scan
using technetium 99 m DTPA. This test measures GFR and
not tubular function. However, if there is sufficient tubularFigure 2. Fall of serum methotrexate concentration over time, case 2.
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damage resulting in desquamated epithelia blocking the
tubules, impaired drainage of the nephron could result in an
impaired GFR measurement. One problem is that the GFRs
were not measured before the prolonged methotrexate expos-
ure. Therefore, it is difficult to be certain whether the specific
degree of renal impairment measured was wholly attributable
to previous vancomycin exposure. Some of the subsequent
impairment of GRF may have been due to the prolonged ele-
vated methotrexate serum levels. However, the nephrotoxic
effects of methotrexate are also predominantly tubular.

Because methotrexate is predominantly renally excreted, any
nephrotoxicity resulting from recent exposure to vancomycin
would potentiate the side effect profile of the antimetabolite.
This is particularly important in the case of high-dose metho-
trexate, where the toxicities are potentially fatal. Renal impair-
ment may occur in the face of normal serum creatinine and
urea (noted at the time of methotrexate administration in both
cases) and non-toxic trough levels of vancomycin (illustrated
by the second case only). Such subclinical nephrotoxicity can
be assessed by measuring GFR with a DTPA renal scan. In
this way, dose modification of methotrexate can be made
according to the GFR measured, to minimize any significant
complications of treatment.

In conclusion, the administration of vancomycin, an anti-
biotic commonly used in cancer patients who have treatment-
induced febrile neutropaenia, can result in renal impairment.
This nephrotoxicity may not be detected by the measurement
of serum urea and creatinine concentrations. When metho-
trexate has been administered in the proceeding 7–10 days,
excretion of the drug can be impaired, resulting in a prolonged
systemic exposure to the cytotoxic drug. This results in poten-
tially significant toxicity, particularly in the case of high doses,
where the outcome may be fatal. To minimize such complica-

tions, we believe it would be prudent to assess GFR in this
situation, to allow dose modification of methotrexate if neces-
sary.
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ARK Methotrexate Assay – Indications/Intended Use  
ARK Diagnostics, Inc. 

Indication for Use 
 
 
510(K) Number (if known):  
 
Device Name:   
ARK™ Methotrexate Assay  
ARK™ Methotrexate Calibrator  
ARK™ Methotrexate Control 
ARK™ Methotrexate Dilution Buffer 
 
Indications for Use:  

The ARK™ Methotrexate Assay is a homogeneous enzyme immunoassay intended for the 
quantitative determination of Methotrexate in human serum or plasma on automated clinical 
chemistry analyzers. The measurements obtained are used in monitoring levels of methotrexate 
to ensure appropriate therapy. 

The ARK™ Methotrexate Calibrator is intended for use in calibration of the ARK Methotrexate 
Assay. 

The ARK™ Methotrexate Control is intended for use in quality control of the ARK 
Methotrexate Assay. 

The ARK™ Methotrexate Dilution Buffer is intended for the dilution of specimens containing 
high concentrations of methotrexate. 

Specimens from patients who have received glucarpidase (carboxypeptidase G2) as a high dose 
methotrexate rescue therapy should not be tested with the ARK Methotrexate Assay. 

 

Prescription Use       X      And/Or  Over the Counter Use        . 
(21 CFR Part 801 Subpart D)     (21 CFR Part 801 Subpart C) 
 
(PLEASE DO NOT WRITE BELOW THIS LINE; CONTINUE ON ANOTHER PAGE IF NEEDED) 
 
Concurrence of CDRH, Office of In Vitro Diagnostic Device Evaluation and Safety (OIVD) 
 
 
______________________________ 
Division Sign-Off 
Office of In Vitro Diagnostic Device 
Evaluation and Safety 
 
510(k)_________________  
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High-Dose Methotrexate in Osteosarcoma: Let the
Questions Surcease—Time for Final Acceptance
Norman Jaffe, The University of Texas M. D. Anderson Cancer Center, Houston, TX
Richard Gorlick, Children’s Hospital at Montegiore, Bronx, NY

Osteosarcoma is the most common primary malignant bone
tumor affecting children and adults. The etiology is unknown, al-
though a higher incidence occurs in patients with bilateral retinoblas-
toma, Paget’s disease of bone, the Li Fraumeni syndrome, and those
who have received therapeutic radiation. The biologic behavior is
consistent with the premise that silent pulmonary micrometastases are
present in at least 80% of patients at diagnosis. These metastases are
not visible on imaging studies, but in the absence of effective systemic
therapy, they generally surface 6 to 9 months after surgical ablation of
the primary tumor. If untreated, they will be responsible for the pa-
tients demise within 2 to 3 years of their appearance. Historical con-
trols reveal a survival of 5% to 20%.

There are currently four major classes of chemotherapeutic
agents with established efficacy that are used in the therapy of this
malignancy: doxorubicin, cisplatin, ifosfamide/high-dose cyclophos-
phamide, and high-dose methotrexate with leucovorin rescue (MTX-
L). Doxorubicin and MTX-L were discovered first in the early 1970s.
Doxorubicin, and the other agents when discovered later, were ac-
cepted without query; not so for MTX-L. It was initially subjected to
intense scrutiny,1,2 rebuffed intermittently,3 and later incorporated
with variable degrees of indifference or enthusiasm into therapeutic
regimens seemingly for want of a more effective agent. During this
interminable period of probation (still extant4), support for its efficacy
and confirmation of its activity emanated from various publications. It
was shown to be effective in eliminating overt pulmonary metastases,
improving the opportunity for limb salvage, healing pathologic frac-
tures, and enhancing the effect of radiation therapy for palliation and
control of inoperable tumors.5 When administered postoperatively as
the sole agent after ablation of the primary tumor, it increased survival
to 40%,6 and in combination with other agents (pre- and postopera-
tive therapy), it increased survival to 65% to 75%.6-12

A regimen devoid of MTX (non–methotrexate-based ther-
apy) has been documented, inter alia, among the “major poor
prognostic factors.”10 The authors of this article stipulate that
the major poor prognostic factors were as follows: “[age] older
than 30 years, large absolute or relative tumor volume, tumor
location in the proximal humerus, no neoadjuvant chemotherapy,
non–methotrexate-based therapy, poor histologic response to pre-
operative chemotherapy. . . . . . and so on.”

Using serum MTX concentrations to monitor MTX levels, the
regimen has been successfully administered safely and effectively to
patients in numerous investigations.6-12 MTX is usually administered
over 4 to 6 hours, and it is generally considered that a mean peak

serum MTX threshold greater than 700 to 1,000 �mol/L at the
completion of the infusion is required for successful therapy. This was
found to be correlated significantly with prognosis.8,11,12 (In N.J.’s
experience, superior results are more likely to be achieved with levels
in excess of 1,500 �mol/L). Unfortunately, for reasons undetermined
at the present time, there is inter- and intrapatient variability, and
consistent high levels with each course are infrequent (hence the
desirability to attain a more than adequate threshold level at 4 to 6
hours). This variability, inter alia, may account for the diverse and
conflicting results in published studies.13,14 When administered as a
so-called block of therapy or an intensified course, an optimum sched-
ule comprises four to eight doses at 10- to 14-day intervals; when
administered in combination with other agents, generally doxorubi-
cin, the interval between courses may be reduced to 3 to 4 weeks.

MTX should be administered with appropriate attention to the
pretherapy requirements and diligent monitoring of the decay curve.
Infection and pathologic accumulation of fluid (ascites and pleural
and pericardial effusions) where MTX may sequestrate and result in a
prolonged delay in excretion are contraindications. MTX levels in
excess of an institute’s specific designated values at specified times
portend potential toxicity and should be treated immediately by in-
creasing intravenous hydration and augmenting the dose of leucov-
orin. The decay curve has wide variability: 24 hours, 30 to 300 �mol/L;
48 hours, 3 to 30 �mol/L; and 72 hours, less than 0.3 �mol/L. A dose
of 10 mg of leucovorin is usually administered intravenously 24 hours
after initiation of the MTX infusion. Subsequent doses are adjusted
and administered according to the MTX levels obtained at 24, 48, and
72 hours. Algorithms are available for this purpose and should be
consulted. Generally, these doses are administered as 10 mg of leuco-
vorin intravenously or orally every 6 hours; however, levels in excess of
50 �mol/L at 24 hours, 10 �mol/L at 48 hours, and 0.5�mol/L at 72
hours portend potential toxicity and are usually treated with an in-
crease in the dose; for example, 100 mg/m2 administered intrave-
nously every 3 hours. Elevations or reductions in the doses continue to
be implemented throughout the period of rescue in accordance with
the algorithms until the MTX level is � 0.1 �mol/L (some centers will
discontinue leucovorin at � 0.3 �mol/L).

One of the earliest signs of toxicity is oliguria followed by anuria,
presumably resulting from MTX precipitation in the renal tubules.
Reduced renal clearance is generally accompanied by gastrointestinal,
hematologic, and hepatic dysfunction. Toxicity can become exces-
sive, but with appropriate early recognition and management, the
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patient will usually recover. Additional measures to abort life-
threatening toxicity comprise hemodialysis using a high-flux dialyzer
and carboxypeptidase-G2. This cleaves MTX into inactive metabo-
lites. Irreversible toxicity, however, is rare, and several centers now
advocate treatment on an outpatient basis.15 Patients should be cau-
tioned to avoid over-the-counter medication that may interfere with
MTX excretion (eg, ibuprofen, aspirin, and acetaminophen). Certain
antibiotics, such as penicillin, may cause a similar problem.

MTX is cell cycle specific for the S phase. It acts by inhibiting the
conversion of dihydrofolate to tetrahydrofolate and prevents the
transfer of 1- carbon donors. This surceases the folate pool, thwarts
the formation of purine and thymidine, and ultimately disrupts DNA
replication. However, the dose of MTX in osteosarcoma is many-fold
the conventional dose, and it probably operates via a different mech-
anism. One simplistic possibility resides in the transport mechanism.
MTX and leucovorin share a common carrier, called the reduced
folate carrier, for entry into cells. This transport mechanism is present
in normal cells but not in resistant cancer cells. High-dose MTX enters
normal cells via the carrier mechanism and, by virtue of its high
extracellular concentration, also resistant malignant cells through dif-
fusion over time (concentration � time). Leucovorin also enters nor-
mal cells via the carrier mechanism, but unlike MTX, is prohibited
from entry into malignant cells because of its relatively extracellular
low serum concentration and the absence of a carrier mechanism. It
rescues normal cells while malignant cells, in the absence of intracel-
lular leucovorin, self-destruct.

The ability of MTX-L to destroy malignant osteosarcoma cells led
to intensive investigations to determine its metabolic and biochemical
activities. Studies evaluated blood, urinary, and cerebral spinal fluid
levels in children after high-dose MTX infusions, examined age-
related different pharmacokinetics, and discovered contaminants and
specific metabolites during therapy and degradation and clearance of
the antifolate.16,17 Age may be important in terms of effective dosage.17

Nonetheless, the mechanism of action of MTX-L in osteosarcoma
remains an enigma.

Attempts to enhance the efficacy of MTX-L in osteosarcoma by
extending the period of administration from 4 or 6 hours to 24 hours
or prolonging the interval before initiating the rescue program have
not been successful.18 Similarly, administering a high MTX dose by
the intra-arterial route, which produces a higher local concentration as
opposed to the intravenous route, does not enhance the efficacy of its
therapeutic application (Jaffe et al,19 also republished in this issue of
the Journal of Clinical Oncology). Others have administered MTX in
even higher doses, seemingly without increasing its efficacy. Thus the
regimen seems to have reached the limits of its utility with the conven-
tional intravenous high dose (10 to 12.5 g/m2).

Despite the enigma of its mechanism of action, successes achieved
with the regimen in osteosarcoma spawned attempts to develop new
and similar agents to treat the disease. This led to the rational synthesis
of folate analogs that differ from MTX in transport, metabolism, and
intracellular targets. These include trimetrexate and pemetrexed. Tri-
metrexate with simultaneous leucovorin has shown some promising
activity in the context of phase II trials of patients with recurrent
disease, but it remains unknown whether it can add to the efficacy of
upfront MTX-L. Similarly, pemetrexed administered with simulta-

neous folic acid supplementation is in the midst of phase II testing in
osteosarcoma as part of Children’s Oncology Group clinical trials.

With the republication of the study comparing intra-arterial and
intravenous MTX-L after a quarter century19 and 36 years after the
first demonstration of its efficacy,20 it is appropriate to recognize and
finally affirm its contribution to the treatment of osteosarcoma.
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use Fusilev
safely and effectively. See full prescribing information for Fusilev.
FUSILEV (levoleucovorin calcium) powder, injection, lyophilized, for
solution for intravenous use
Initial U.S. Approval: 1952 (d,l-leucovorin), 2008 (levoleucovorin)

   INDICATIONS AND USAGE   
Fusilev is a folate analog. (1)
Fusilev rescue is indicated after high-dose methotrexate therapy in
osteosarcoma. (1)
Fusilev is also indicated to diminish the toxicity and counteract the effects of
impaired methotrexate elimination and of inadvertent overdosage of folic acid
antagonists. (1)
Limitations of Use
Fusilev is not approved for pernicious anemia and megaloblastic anemias.
Improper use may cause a hematologic remission while neurologic
manifestations continue to progress. (1.1)

   DOSAGE AND ADMINISTRATION   
Fusilev Rescue After High-Dose Methotrexate Therapy
Do not administer intrathecally. (2.1)
Fusilev is dosed at one-half the usual dose of the racemic form. (2.1)
Fusilev rescue recommendations are based on a methotrexate dose of 12

grams/m2 administered by intravenous infusion over 4 hours.  Fusilev rescue

at a dose of 7.5 mg (approximately 5 mg/m2) every 6 hours for 10 doses
starts 24 hours after the beginning of the methotrexate infusion. Determine
serum creatinine and methotrexate levels at least once daily. Continue Fusilev
administration, hydration, and urinary alkalinization (pH of 7.0 or greater)

until the methotrexate level is below 5 x 10-8 M (0.05 micromolar). The
Fusilev dose may need to be adjusted. (2.3)

   DOSAGE FORMS AND STRENGTHS   
Each 50 mg single-use vial of Fusilev contains a sterile lyophilized powder
consisting of 64 mg levoleucovorin calcium pentahydrate (equivalent to 50

mg levoleucovorin ) and 50 mg mannitol. (16) It is intended for intravenous
administration after reconstitution with 5.3 mL of sterile 0.9% Sodium
Chloride for Injection, USP. (2.5, 11)

   CONTRAINDICATIONS   
Fusilev is contraindicated for patients who have had previous allergic
reactions attributed to folic acid or folinic acid. (4)

   WARNINGS AND PRECAUTIONS   

Due to Ca++ content, no more than 16 mL (160 mg) of levoleucovorin
solution should be injected intravenously per minute. (5.1)
Fusilev enhances the toxicity of fluorouracil. (5.2,7)
Concomitant use of d,l-leucovorin with trimethoprim-sulfamethoxazole
for Pneumocystis carinii pneumonia in HIV patients was associated with
increased rates of treatment failure in a placebo-controlled study. (5.3)

   ADVERSE REACTIONS   
Allergic reactions were reported in patients receiving Fusilev. (6.2)
Vomiting (38%), stomatitis (38%) and nausea (19%) were reported in patients
receiving Fusilev as rescue after high dose methotrexate therapy. (6.1)
To report SUSPECTED ADVERSE REACTIONS, contact Spectrum
Pharmaceuticals, Inc. at 1-877-387-4538 or FDA at 1-800-FDA-1088 or
www.fda.gov/medwatch

To report SUSPECTED ADVERSE REACTIONS, contact at or FDA at
1-800-FDA-1088 or www.fda.gov/medwatch

   DRUG INTERACTIONS   
Fusilev may counteract the antiepileptic effect of phenobarbital, phenytoin
and primidone, and increase the frequency of seizures in susceptible patients.
(7)
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FULL PRESCRIBING INFORMATION

1. INDICATIONS AND USAGE
• Fusilev™ is a folate analog.

• Fusilev rescue is indicated after high-dose methotrexate therapy in osteosarcoma.

• Fusilev is also indicated to diminish the toxicity and counteract the effects of impaired methotrexate elimination and of inadvertent
overdosage of folic acid antagonists.

1.1 Limitations of Use
•

• Fusilev is not approved for pernicious anemia and megaloblastic anemias secondary to the lack of vitamin B12. Improper use may
cause a hematologic remission while neurologic manifestations continue to progress.

2. DOSAGE AND ADMINISTRATION

2.1 Administration Guidelines
Fusilev is dosed at one-half the usual dose of the racemic form.
Fusilev is indicated for intravenous administration only. Do not administer intrathecally.

2.2 Co-administration of Fusilev with other agents
Due to the risk of precipitation, do not co-administer Fusilev with other agents in the same admixture.

2.3 Fusilev Rescue After High-Dose Methotrexate Therapy

The recommendations for Fusilev rescue are based on a methotrexate dose of 12 grams/m2 administered by intravenous infusion over
4 hours (see methotrexate package insert for full prescribing information).   Fusilev rescue at a dose of 7.5 mg (approximately 5 mg/

m2) every 6 hours for 10 doses starts 24 hours after the beginning of the methotrexate infusion.
Serum creatinine and methotrexate levels should be determined at least once daily. Fusilev administration, hydration, and urinary

alkalinization (pH of 7.0 or greater) should be continued until the methotrexate level is below 5 x 10-8 M (0.05 micromolar). The
Fusilev dose should be adjusted or rescue extended based on the following guidelines.
Table 1 Guidelines for Fusilev Dosage and Administration
Clinical Situation  Laboratory Findings  Fusilev Dosage and Duration  

Normal Methotrexate
Elimination  

Serum methotrexate level approximately 10 micromolar at
24 hours after administration, 1 micromolar at 48 hours, and
less than 0.2 micromolar at 72 hours  

7.5 mg IV q 6 hours for 60 hours (10
doses starting at 24 hours after start of
methotrexate infusion).  

Delayed Late Methotrexate
Elimination  

Serum methotrexate level remaining above 0.2 micromolar
at 72 hours, and more than 0.05 micromolar at 96 hours after
administration.  

Continue 7.5 mg IV q 6 hours, until
methotrexate level is less than 0.05
micromolar.  

Delayed Early
Methotrexate Elimination
and/or Evidence of Acute
Renal Injury  

Serum methotrexate level of 50 micromolar or more
at 24 hours, or 5 micromolar or more at 48 hours after
administration, OR; a 100% or greater increase in serum
creatinine level at 24 hours after methotrexate administration
(e.g., an increase from 0.5 mg/dL to a level of 1 mg/dL or
more).  

75 mg IV q 3 hours until methotrexate level
is less than 1 micromolar; then 7.5 mg IV q
3 hours until methotrexate level is less than
0.05 micromolar.  

Patients who experience delayed early methotrexate elimination are likely to develop reversible renal failure. In addition to
appropriate Fusilev therapy, these patients require continuing hydration and urinary alkalinization, and close monitoring of fluid and
electrolyte status, until the serum methotrexate level has fallen to below 0.05 micromolar and the renal failure has resolved.
Some patients will have abnormalities in methotrexate elimination or renal function following methotrexate administration, which are
significant but less severe than the abnormalities described in the table above. These abnormalities may or may not be associated with
significant clinical toxicity. If significant clinical toxicity is observed, Fusilev  rescue should be extended for an additional 24 hours
(total of 14 doses over 84 hours) in subsequent courses of therapy. The possibility that the patient is taking other medications which
interact with methotrexate (e.g., medications which may interfere with methotrexate elimination or binding to serum albumin) should
always be reconsidered when laboratory abnormalities or clinical toxicities are observed.
Delayed methotrexate excretion may be caused by accumulation in a third space fluid collection (i.e., ascites, pleural effusion),
renal insufficiency, or inadequate hydration. Under such circumstances, higher doses of Fusilev or prolonged administration may be
indicated.
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Although Fusilev may ameliorate the hematologic toxicity associated with high dose methotrexate, Fusilev has no effect on other
established toxicities of methotrexate such as the nephrotoxicity resulting from drug and/or metabolite precipitation in the kidney.

2.4 Dosing Recommendations for Inadvertent Methotrexate Overdosage
Fusilev rescue should begin as soon as possible after an inadvertent overdosage and within 24 hours of methotrexate administration
when there is delayed excretion. As the time interval between antifolate administration [e.g., methotrexate] and Fusilev rescue

increases, Fusilev’s effectiveness in counteracting toxicity may decrease. Fusilev 7.5 mg (approximately 5 mg/m2 ) should be

administered IV every 6 hours until the serum methotrexate level is less than 10-8  M.
Serum creatinine and methotrexate levels should be determined at 24 hour intervals. If the 24 hour serum creatinine has increased 50%

over baseline or if the 24 hour methotrexate level is greater than 5 x 10-6  M or the 48 hour level is greater than 9 x 10-7  M, the dose

of Fusilev should be increased to 50 mg/m2 IV every 3 hours until the methotrexate level is less than 10-8 M. Hydration (3 L/day) and
urinary alkalinization with NaHCO3  should be employed concomitantly. The bicarbonate dose should be adjusted to maintain the
urine pH at 7.0 or greater.

2.5 Reconstitution and Infusion Instructions
• Prior to intravenous injection, the 50 mg vial of Fusilev for Injection is reconstituted with 5.3 mL of 0.9% Sodium Chloride

Injection, USP to yield a levoleucovorin concentration of 10 mg per mL. Reconstitution with Sodium Chloride solutions with
preservatives (e.g. benzyl alcohol) has not been studied. The use of solutions other than 0.9% Sodium Chloride Injection, USP is not
recommended.

• The reconstituted 10 mg per mL levoleucovorin contains no preservative. Observe strict aseptic technique during reconstitution of
the drug product.

• Saline reconstituted levoleucovorin solutions may be further diluted, immediately, to concentrations of 0.5 mg/mL to 5 mg/mL in
0.9% Sodium Chloride Injection, USP or 5% Dextrose Injection, USP. Initial reconstitution or further dilution using 0.9% Sodium
Chloride Injection, USP may be held at room temperature for not more than a total of 12 hours. Dilutions in 5% Dextrose Injection,
USP may be held at room temperature for not more than 4 hours.

• Visually inspect the reconstituted solution for particulate matter and discoloration, prior to administration. CAUTION: Parenteral
drug products should be inspected visually for particulate matter and discoloration prior to administration, whenever solution and
container permit. Do not use if cloudiness or precipitate is observed.

• No more than 16 mL of reconstituted solutions (160 mg of levoleucovorin ) should be injected intravenously per minute, because of
the calcium content of the levoleucovorin solution.

3. DOSAGE FORMS AND STRENGTHS
Fusilev is supplied in sterile, single-use vials containing 64 mg levoleucovorin calcium pentahydrate (equivalent to 50 mg
levoleucovorin ) and 50 mg mannitol.

4. CONTRAINDICATIONS
Fusilev is contraindicated for patients who have had previous allergic reactions attributed to folic acid or folinic acid.

5. WARNINGS AND PRECAUTIONS

5.1 Rate of Administration

Because of the Ca++ content of the levoleucovorin solution, no more than 16 mL (160 mg of levoleucovorin ) should be injected
intravenously per minute.

5.2 Potential for Enhanced Toxicity with 5-Fluorouracil
Fusilev enhances the toxicity of 5-fluorouracil. Deaths from severe enterocolitis, diarrhea, and dehydration have been reported in
elderly patients receiving weekly d,l-leucovorin and 5-fluorouracil.

5.3 Potential for interaction with trimethoprim-sulfamethoxazole
The concomitant use of d,l-leucovorin with trimethoprim-sulfamethoxazole for the acute treatment of Pneumocystis carinii pneumonia
in patients with HIV infection was associated with increased rates of treatment failure and morbidity in a placebo-controlled study.
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6. ADVERSE REACTIONS

6.1 Clinical Studies Experience
Since clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug
cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed in practice. The
following table presents the frequency of adverse reactions which occurred during the administration of 58 courses of high dose

methotrexate 12 grams/m2 followed by Fusilev rescue for osteosarcoma in 16 patients age 6-21. Most patients received Fusilev 7.5 mg
every 6 hours for 60 hours or longer beginning 24 hours after completion of methotrexate.
Table 2 Adverse Reactions
Body System/Adverse Reactions
 

Number (%) of Patients with Adverse Reactions  Number (%) of Courses with Adverse Reactions  

 (N =16)  (N = 58)  

 All  Grade 3+  All  Grade 3+  

Gastrointestinal      

Stomatitis  6 (37.5)  1 (6.3)  10 (17.2)  1 (1.7)  

Vomiting  6 (37.5)  0  14 (24.1)  0  

Nausea  3 (18.8)  0  3 (5.2)  0  

Diarrhea  1 (6.3)  0  1 (1.7)  0  

Dyspepsia  1 (6.3)  0  1 (1.7)  0  

Typhlitis  1 (6.3)  1 (6.3)  1 (1.7)  1 (1.7)  

     

Respiratory      

Dyspnea  1 (6.3)  0  1 (1.7)  0  

     

Skin and Appendages      

Dermatitis  1 (6.3)  0  1 (1.7)  0  

     

Other      

Confusion  1 (6.3)  0  1 (1.7)  0  

Neuropathy  1 (6.3)  0  1 (1.7)  0  

Renal function abnormal  1 (6.3)  0  3 (5.2)  0  

Taste perversion  1 (6.3)  0  1 (1.7)  0  

     

Total number of patients  9 (56.3)  2 (12.5)  

     

Total number of courses  25 (43.1)  2 (3.4)  

The incidence of adverse reactions may be underestimated because not all patients were fully evaluable for toxicity for all cycles
in the clinical trials. Leukopenia and thrombocytopenia were observed, but could not be attributed to high dose methotrexate with
Fusilev rescue because patients were receiving other myelosuppressive chemotherapy.

6.2 Postmarketing Experience
Since adverse reactions from spontaneous reports are provided voluntarily from a population of uncertain size, it is not always
possible to estimate reliably their frequency or establish a causal relationship to drug exposure. Spontaneously reported adverse
reactions collected by the WHO Collaborating Center for International Drug Monitoring in Uppsala Sweden have yielded seven cases
where levoleucovorin was administered with a regimen of methotrexate. The events were dyspnea, pruritus, rash, temperature change
and rigors. For 217 adverse reactions (108 reports) where levoleucovorin was a suspected or interacting medication, there were 40
occurrences of “possible allergic reaction.”

7. DRUG INTERACTIONS
Folic acid in large amounts may counteract the antiepileptic effect of phenobarbital, phenytoin and primidone, and increase the
frequency of seizures in susceptible children. It is not known whether folinic acid has the same effects. However, both folic and folinic
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acids share some common metabolic pathways. Caution should be taken when taking folinic acid in combination with anticonvulsant
drugs.
Preliminary human studies  have shown that small quantities of systemically administered leucovorin enter the CSF, primarily as its
major metabolite, 5-methyltetrahydrofolate (5-MTHFA). In humans, the CSF levels of 5-MTHFA remain 1-3 orders of magnitude
lower than the usual methotrexate concentrations following intrathecal administration.
Fusilev increases the toxicity of 5-fluorouracil [see Warnings and Precautions (5.2)].

8. USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Pregnancy Category C. It is not known whether Fusilev can cause fetal harm when administered to a pregnant woman or if it can
affect reproduction capacity. Animal reproduction studies have not been conducted with Fusilev. Fusilev should be given to a pregnant
woman only if clearly needed.

8.3 Nursing Mothers
It is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk, caution should be
exercised when Fusilev is administered to a nursing mother.

8.4 Pediatric Use
[See Clinical Studies (14)]

8.5 Geriatric Use
Clinical studies of Fusilev in the treatment of osteosarcoma did not include subjects aged 65 and over to determine whether they
respond differently from younger subjects.

10. OVERDOSAGE
No data are available for overdosage with levoleucovorin.

11. DESCRIPTION
Levoleucovorin is the levo isomeric form of racemic d,l-leucovorin, present as the calcium salt. Levoleucovorin is the
pharmacologically active isomer of leucovorin [(6-S)-leucovorin].
Fusilev for injection contains levoleucovorin calcium, which is one of several active, chemically reduced derivatives of folic acid. It is
useful as antidote to the inhibition of dihydrofolate reductase by methotrexate. This compound has the chemical designation calcium
(6S)-N-{4-[[(2-amino-5-formyl-1,4,5,6,7,8-hexahydro-4-oxo-6-pteridinyl)methyl] amino]benzoyl}-L-glutamate pentahydrate. The
molecular weight is 601.6 and the structural formula is:

Its molecular formula is: C20H21CaN7O7 
 . 5 H2O.

Fusilev for injection is supplied as a sterile lyophilized powder consisting of 64 mg levoleucovorin calcium pentahydrate (equivalent
to 50 mg levoleucovorin) and 50 mg mannitol per 50 mg vial.
Sodium hydroxide and/or hydrocholoric acid are used to adjust the pH during manufacture. It is intended for intravenous
administration after reconstitution with 5.3 mL of sterile 0.9% Sodium Chloride Injection, USP [See Dosage and Administration (2.5)]

12. CLINICAL PHARMACOLOGY

12.1 Mechanism Of Action
Levoleucovorin is the pharmacologically active isomer of 5-formyl tetrahydrofolic acid. Levoleucovorin does not require reduction
by the enzyme dihydrofolate reductase in order to participate in reactions utilizing folates as a source of “one-carbon” moieties.
Administration of levoleucovorin can counteract the therapeutic and toxic effects of folic acid antagonists such as methotrexate, which
act by inhibiting dihydrofolate reductase.
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12.2 Pharmacodynamics
Levoleucovorin is actively  and passively  transported across cell membranes. In vivo, levoleucovorin is converted to 5-
methyltetrahydrofolic acid (5-methyl-THF), the primary circulating form of active reduced folate.  Levoleucovorin and 5-methyl-THF
are polyglutamated intracellularly by the enzyme folylpolyglutamate synthetase.  Folylpolyglutamates are active and participate in
biochemical pathways that require reduced folate.

12.3 Pharmacokinetics
The pharmacokinetics of levoleucovorin after intravenous administration of a 15 mg dose was studied in healthy male volunteers.
After rapid intravenous administration, serum total tetrahydrofolate (total-THF) concentrations reached a mean peak of 1722 ng/mL.
Serum (6S)-5-methyl-5,6,7,8-tetrahydrofolate concentrations reached a mean peak of 275 ng/mL and the mean time to peak was 0.9
hours. The mean terminal half-life for total-THF and (6S)-5-methyl-5,6,7,8-tetrahydrofolate was 5.1 and 6.8 hours, respectively.

13. NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment Of Fertility
No studies have been conducted to evaluate the potential of levoleucovorin for carcinogenesis, mutagenesis and impairment of
fertility.

13.2 Animal Toxicology And/Or Pharmacology

The acute intravenous LD50 values in adult mice and rats were 575 mg/kg (1725 mg/m2) and 378 mg/kg ( 2268 mg/m2), respectively.
Signs of sedation, tremors, reduced motor activity, prostration, labored breathing, and/or convulsion were observed in these studies.

Anticipated human dose for each administration is approximately 5 mg/m2, which represents a 3-log safety margin.

14. CLINICAL STUDIES
The safety and efficacy of Fusilev rescue following high-dose methotrexate were evaluated in 16 patients age 6-21 who received
58 courses of therapy for osteogenic sarcoma. High-dose methotrexate was one component of several different combination

chemotherapy regimens evaluated across several trials. Methotrexate 12 g/m2 IV over 4 hours was administered to 13 patients, who
received Fusilev 7.5 mg every 6 hours for 60 hours or longer beginning 24 hours after completion of methotrexate. Three patients

received methotrexate 12.5 g/m2 IV over 6 hours, followed by Fusilev 7.5 mg every 3 hours for 18 doses beginning 12 hours after
completion of methotrexate. The mean number of Fusilev doses per course was 18.2 and the mean total dose per course was 350 mg.
The efficacy of Fusilev rescue following high-dose methotrexate was based on the adverse reaction profile. [See Adverse Reactions
(6)]

16. HOW SUPPLIED/STORAGE AND HANDLING
Each 50 mg single-use vial of Fusilev for Injection contains a sterile lyophilized powder consisting of 64 mg levoleucovorin calcium
pentahydrate (equivalent to 50 mg levoleucovorin) and 50 mg mannitol.
50 mg vial of freeze-dried powder – NDC 68152-101-00.
Store at 25° C (77 °F) in carton until contents are used. Excursions permitted from 15-30° C (59-86 °F). [See USP Controlled Room
Temperature]. Protect from light.

Manufactured for Spectrum Pharmaceuticals, Inc.
Irvine, CA 92618
Manufactured by Chesapeake Biological Laboratories, Inc.
Baltimore, MD 21230
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Name 
  

^oh»
 Methotrexate Assay 

 
1 Intended Use 
 

The ARK Methotrexate Assay is a homogeneous enzyme immunoassay intended 
for the quantitative determination of methotrexate in human serum or plasma on 
automated clinical chemistry analyzers. The measurements obtained are used in 
monitoring levels of methotrexate to ensure appropriate therapy. 
 

2 Summary and Explanation of the Test 
 

Methotrexate [N-[4[[(2,4-diamino-6-pteridinyl) methyl] methylamino]benzoyl]-L- 
glutamic acid], formerly Amethopterin, is an antimetabolite used in the treatment 
of certain neoplastic diseases, severe psoriasis, and adult rheumatoid arthritis.1-3 
Methotrexate has the potential for serious toxicity. Patients undergoing 
methotrexate therapy should be closely monitored so that toxic effects are 
detected promptly. Guidelines for methotrexate therapy with leucovorin rescue 
should be consulted.1 Intermediate to high doses of methotrexate (approximately 
35 mg/m2 - 12 g/m2) with leucovorin (citrovorum-factor) rescue have been used 
with favorable results in the treatment of osteogenic sarcoma, leukemia, non-
Hodgkin’s lymphoma, lung and breast cancer.4-8  
  
 

3 Principles of the Procedure 
 

ARK Methotrexate Assay is a homogeneous immunoassay based on competition 
between drug in the specimen and methotrexate labeled with the enzyme 
glucose-6-phosphate dehydrogenase (G6PDH) for binding to the antibody 
reagent. As the latter binds antibody, enzyme activity decreases. In the presence 
of drug from the specimen, enzyme activity increases and is directly proportional 
to the drug concentration. Active enzyme converts the coenzyme nicotinamide 
adenine dinucleotide (NAD) to NADH that is measured spectrophotometrically as 
a rate of change in absorbance. Endogenous serum G6PDH does not interfere 
with the results because the coenyzme NAD functions only with the bacterial 
enzyme used in the assay. 
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4 Reagents 
 

REF Product Description Quantity/Volume 
ARK Methotrexate Assay  
Reagent  R1  – Antibody/Substrate 
rabbit polyclonal antibodies to methotrexate, 
glucose-6-phosphate, nicotinamide adenine 
dinucleotide, bovine serum albumin, preservative, 
and stabilizers  

1 X 16 mL 5026-0001-00 

Reagent  R2  – Enzyme  
methotrexate labeled with bacterial G6PDH, buffer, 
bovine serum albumin, preservative, and stabilizers 

1 X 8 mL 

 
Reagent Handling and Storage  
 
ARK Methotrexate Assay reagents are provided liquid, ready to use and may be 
used directly from the refrigerator. When not in use, reagents must be stored at 
2–8°C (36–46°F), upright and with screw caps tightly closed. If stored as 
directed, reagents are stable until the expiration date printed on the label. Do not 
freeze reagents. Avoid prolonged exposure to temperatures above 32°C (90°F). 
Improper storage of reagents can affect assay performance. 

 
5 Warnings and Precautions 
 

• For In Vitro Diagnostic Use. For prescription use only. 
• Reagents R1 and R2 are provided as a matched set and should not be 

interchanged with reagents from different lot numbers. 
 
7 Specimen Collection and Preparation for Analysis 
 

• Serum or plasma is required. For consistency, using the same specimen 
matrix for individual patients is a good practice.  

• The sampling time of methotrexate will be dependent on dose, duration of 
infusion, and clinical status of the patient. Consult specific treatment protocols 
for sampling time. 

• Whole blood cannot be used. The following anticoagulants may be used with 
this assay.  

 Sodium heparin  
 Lithium heparin  
 Potassium EDTA  

• DO NOT USE GEL SEPARATORS. Blood collection must be performed with 
collection tubes compatible for use with therapeutic drug monitoring (TDM).  

• Do not induce foaming and avoid repeated freezing and thawing to preserve 
the integrity of the specimen from the time it is collected until the time it is 
assayed.  

• Fibrin, red blood cells, and other particulate matter may cause an erroneous 
result. Ensure adequate centrifugation.  

  3 

Records processed under FOIA Request # 2015-8894; Released by CDRH on 02-22-2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 

• Clarified specimens may be stored up to two weeks at 2 to 8°C. If testing will 
be delayed, specimens may be stored frozen (≤ -10°C) prior to being tested. 
Care should be taken to limit the number of freeze-thaw cycles. Specimens 
were shown to withstand 3 freeze-thaw cycles when stored at -20°C. 

• Handle all patient specimens as if they were potentially infectious.  
 

 
8 Procedure 
 

Materials Provided 
ARK Methotrexate Assay – REF 5026-0001-00  
 
Materials Required – Provided Separately 
ARK Methotrexate Calibrator – REF 5026-0002-00 
Quality Controls – ARK Methotrexate Control – REF 5026-0003-00 
ARK Methotrexate Dilution Buffer – REF 5026-0004-00 
 
Instruments 
Reagents R1 and R2 may need to be transferred to analyzer-specific reagent 
containers prior to use. Avoid cross-contamination of R1  and R2. 
 
Assay Sequence 
To run or calibrate the assay, see the instrument-specific operator's manual. 
 
Calibration 
Perform a full calibration (6-point) procedure using the ARK Methotrexate 
Calibrators A, B, C, D, E, and F; test calibrators in duplicate. Calibration is 
required with each new reagent kit lot number. Verify the calibration curve with at 
least two levels of quality controls according to the established laboratory quality 
assurance plan.  
 
When to Re-Calibrate 
• Whenever a new lot number of reagents is used 
• Whenever indicated by quality control results  
• Whenever required by standard laboratory protocols 
 

  4 

Records processed under FOIA Request # 2015-8894; Released by CDRH on 02-22-2016

Questions? Contact FDA/CDRH/OCE/DID at CDRH-FOISTATUS@fda.hhs.gov or 301-796-8118



 

Quality Control (QC) 
Laboratories should establish QC procedures for the ARK Methotrexate Assay. 
All quality control requirements and testing should be performed in conformance 
with local, state and/or federal regulations or accreditation requirements. 
 
Good laboratory practice suggests that at least two levels (low and high medical 
decision points) of quality control be tested each day patient samples are 
assayed and each time a calibration is performed. Monitor the control values for 
any trends or shifts. If any trends or shifts are detected, or if the control does not 
recover within the specified range, review all operating parameters according to 
your clinical laboratory quality procedures. Contact Customer Service for further 
assistance. 
 
Manual Dilution Protocol 
The range of the ARK Methotrexate calibration curve is 0.00 - 1.20 μmol/L. 
Specimens and controls containing methotrexate in higher concentrations (>1.20 
μmol/L), are assayed by dilution of the specimen and controls into the range of 
the calibration curve. 
 
Manually dilute the high specimen or control with ARK Methotrexate Dilution 
Buffer by preparing the appropriate ten-fold serial dilution as shown below. 
 

Sample  
Volume 

Dilution Buffer
Volume  Dilution Dilution 

Factor 
50 μL Undiluted sample 450 μL 1:10 10 

50 μL  1:10 sample 450 μL 1:100 100 

50 μL  1:100 sample 450 μL 1:1000 1000 

50 μL  1:1000 sample 450 μL 1:10000 10000 
 
 
Manual Dilution Factor = (Volume of Specimen + Volume of Dilution Buffer)
               Specimen Volume 
 
Multiply the assayed result by the dilution factor. 
 

9 Results 
 

To convert μmol/L to μg/mL, divide the value obtained by the conversion factor of 
2.2005. 
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10 Limitations of Procedure 
 
This assay is designed for use with serum or plasma only; refer to the sections 
Specimen Collection and Preparation for Analysis. It is generally good practice to 
use the same method (as well as matrix) consistently for individual patient care 
due to the potential for method-to-method variability. See the section Expected 
Values below. 
 
As with all analyte determinations, the methotrexate value should be used in 
conjunction with information available from clinical evaluation and other 
diagnostic procedures.  
 
IMPORTANT: Specimens from patients who have received glucarpidase 
(carboxypeptidase G2) as a high dose methotrexate rescue therapy should not 
be tested with the ARK Methotrexate Assay. These specimens have increased 
serum levels of 4-[[2,4-diamino-6-(pteridinyl)methyl]-methylamino]-benzoic acid 
(DAMPA)10-12 that result from metabolism of methotrexate by glucarpidase. 
DAMPA crossreacts with the methotrexate antibody used in this assay, and may 
continue to circulate for at least five to seven days before accurate 
measurements of serum methotrexate may return.13 Oncologists on the clinical 
team should notify the laboratory when glucarpidase is administered to avoid the 
reporting of falsely elevated methotrexate concentrations due to interference by 
DAMPA that would confuse the efforts of glucarpidase therapy.13 While 
glucarpidase is well tolerated and rapidly reduces circulating MTX, delayed renal 
elimination of MTX can still be a problem for adult and elderly patients.14

 
 

11 Expected Values 
 

Methotrexate serum levels depend on indication for use, dosage, mode of 
administration, treatment regimen, individual pharmacokinetics, metabolism and 
other clinical factors.1,3 While the serum level may typically reach approximately 
10 to 100 μmol/L in treatment of breast cancer (for example),15  concentrations 
may exceed 1000 µmol/L16 with high dose therapy for osteosarcoma, and up to 
3100 μmol/L methotrexate was reached following a 4-hour infusion in pediatric 
patients with osteosarcoma.17 For treatment of osteosarcoma,16 the methotrexate 
decay curve has wide variability: 24 hours, 30 to 300 µmol/L; 48 hours, 3 to 30 
µmol/L; and 72 hours, less than 0.3 µmol/L. A dose of 10 mg of leucovorin is 
usually administered intravenously 24 hours after initiation of the MTX infusion. 
Subsequent doses are adjusted and administered according to the MTX levels 
obtained at 24, 48, and 72 hours. Methotrexate levels in excess of 50 µmol/L at 
24 hours, 10 µmol/L at 48 hours, and 0.5 µmol/L at 72 hours portend potential 
toxicity and are usually treated with an increase in the dose of leucovorin in 
accordance with algorithms until the MTX level is <0.1 µmol/L. Guidelines for 
methotrexate therapy with leucovorin rescue usually recommend continuance of 
leucovorin until the methotrexate level falls below 0.05 μmol/L.1, 9 Some centers 
follow ≤ 0.10 μmol/L.16, 18
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From prescribing and other information: Laboratory Indicators of Toxicity 
Following Leucovorin Rescue Schedules with High Dose Methotrexate.1, 9, 19 

 
Laboratory Findings 

Clinical Situation Methotrexate 
Level (µmol/L) 

Hours after 
administration 

Normal Methotrexate 
Elimination 

~10 
~1 

<0.2 

24 
48 
72 

Delayed Late 
Methotrexate Elimination

>0.2 
>0.05 

72 
96 

Delayed Early 
Methotrexate Elimination 
 
and/or  
 
Evidence of Acute Renal 
Injury 

≥50 
≥5 
 

OR 
  

≥100% 
increase in 

serum 
creatinine 

24 
48 
 
 
 

24 

 
Renal toxicity is a significant risk and may be exacerbated by coadministration of 
other drugs, 14, 19 for example vancomycin.20 Other forms of toxicity can occur, 
including digestive disorders (e.g., nausea, vomiting, abdominal pain), 
cutaneous–mucous disorders (especially mucositis), haematological 
abnormalities (e.g., neutropenia and thrombocytopenia), liver function test 
disturbances, and neurotoxicity.21-28 

 
Given the profile of the appearance of the 7-hydroxymethotrexate metabolite,15, 27 
its molar ratio to methotrexate of up to approximately 100-fold,29 and relative 
insolubility versus the parent drug,14, 19 possible nephrotoxicity due to 
precipitation of the metabolite in renal tubules29  may delay elimination of 
methotrexate itself. 
 
Glucarpidase therapy (available for compassionate use) reduces the circulating 
level of methotrexate rapidly, not intracellular drug. A rebound effect in the serum 
level of methotrexate following glucarpidase therapy has been observed.14 
Elimination of DAMPA may take several days before it no longer interferes with 
the monitoring of methotrexate by immunoassay.13  
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12 Specific Performance Characteristics 
 
Each laboratory is responsible for verification of performance using instrument 
parameters established for their analyzer. The following performance 
characteristics were obtained on the Roche/Hitachi 917 System. 
 
Limit of Quantitation (LoQ) 
 
The following characteristics were determined according to CLSI EP17-A for the 
ARK Methotrexate Assay. Analyzer-specific performance may vary. 
 

Criterion MTX Concentration 
(μmol/L) 

Limit of Blank (LoB); N = 60 

μB + 1.645 SD , where SD = 0.005 

0.01 

Limit of Detection (LoD); N = 60 

LoB + 1.652 SD, where SD = 0.005 

0.02 

Limit of Quantitation (LoQ); N = 40 

LoQ – 2 SD > LoD 

0.04 

 
Each laboratory is responsible for determining reporting criteria for methotrexate 
concentrations. The following suggestion from CLSI EP17-A may be appropriate: 
 

Result ≤ LoB   report “not detected; concentration < LoD” 
LoB < Result < LoQ  report “analyte detected; concentration < LoQ” 
Result ≥ LoQ   report the result as measured 

 
Measurement Range 
 
The range of the ARK Methotrexate Assay calibration curve is 0.00 - 1.20 μmol/L. 
Specimens containing methotrexate in higher concentrations are assayed by 
dilution of the specimen into the range of the calibration curve. Report assayed 
values exceeding the LoD according to the information provided for LoQ. Multiply 
the assayed result by the dilution factor for specimens containing methotrexate 
above the calibration range. 
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Recovery 
 
Accuracy (analytical recovery) was performed by adding concentrated 
methotrexate drug into human serum negative for methotrexate. A certified stock 
concentrate of highly pure methotrexate was added volumetrically to human 
serum negative for methotrexate, representing drug concentrations across the 
assay calibration range. Six replicates of each sample were assayed on an 
automated clinical chemistry analyzer. The results were averaged and compared 
to the target concentration and percent recovery calculated. Results are shown 
below. 
 
% Recovery = 100   X    Mean recovered concentration

      Theoretical concentration 
 

Theoretical 
Concentration  

(μmol/L) 

Mean Recovered 
Concentration  

(μmol/L) 
Percentage  
Recovery 

0.06 0.07 111.1 

0.10 0.10 100.0 

0.30 0.30 98.3 

0.60 0.61 102.2 

1.00 0.99 98.8 

Mean percentage recovery: 102.1 
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Linearity 
 
Linearity studies were performed as suggested in CLSI/NCCLS Protocol EP6-A. 
A 1.30 μmol/L serum sample was prepared and dilutions were made 
proportionally with human serum negative for methotrexate. Linearity at specific 
dilutions was considered acceptable if the percent difference was ±10% between 
the predicted 1st and 2nd order regressed values for concentrations >0.10 μmol/L 
or ±0.01 μmol/L at concentrations ≤ 0.10 μmol/L. Results are shown below. 

 
Theoretical 

(μmol/L) 
Observed 
Results  
(μmol/L) 

1st Order 
Predicted 
Results 

2nd Order 
Predicted 
Results 

Difference 
(μmol/L or %)  

0.00 0.00 0.009 -0.003 na 

0.02 0.02 0.026 0.016 -0.010 μmol/L 

0.04 0.04 0.042 0.034 -0.008 μmol/L 

0.05 0.06 0.059 0.053 -0.006 μmol/L 

0.07 0.08 0.076 0.072 -0.004 μmol/L 

0.11 0.11 0.110 0.109 -0.7 % 

0.18 0.17 0.178 0.183 3.1 % 

0.36 0.34 0.347 0.364 4.8 % 

0.65 0.63 0.618 0.639 3.4 % 

0.72 0.72 0.686 0.705 2.9 % 

0.86 0.84 0.821 0.835 1.7 % 

1.01 0.99 0.957 0.960 0.4 % 

1.15 1.06 1.092 1.082 -1.0 % 

1.30* 1.19 1.228 1.199 -2.3 % 
*Concentration exceeds the claimed calibration range.  

 
 
Samples containing methotrexate between 2 and 1200 μmol/L were prepared 
proportionally in pooled human serum and then diluted into the calibration range 
with ARK Methotrexate Dilution Buffer. Regression of assayed methotrexate 
concentrations was linear throughout the range. 
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Method Comparison 
 
Correlation studies were performed using CLSI/NCCLS Protocol EP9-A2. 
Results from the ARK Methotrexate Assay were compared with results from 
Fluorescence Polarized Immunoassay method (monoclonal FPIA)30.  
 
Methotrexate concentrations by FPIA ranged 0.02 to 1440 µmol/L (µM). ARK 
Methotrexate values ranged 0.00 to 1500 μmol/L. Results of the Passing-
Bablok31 regression analysis for the study are shown below (with 95% confidence 
limits) for 111 specimens within the calibration range as well as for all 157 
specimens in the extended range. 

 
Parameter Range 0.02 to 0.97 µM Range 0.02 to 1440 µM 

Slope 1.00 (1.00 to 1.02) 0.99 (0.96 to 1.00) 

y-intercept 0.01   (0.01 to 0.01) 0.01  (0.01 to 0.01) 

Correlation Coefficient (r2) 0.971 (0.958 to 0.980) 0.998 (0.997 to  0.998) 

Number of Samples 111 na 157 na 
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Precision 
 
Precision was determined as described in CLSI/NCCLS Protocol EP5-A2. The 
six-level ARK Methotrexate Control and pooled human specimens containing 
methotrexate were used in the study. Each level was assayed in quadruplicate 
twice a day for 20 days. Each of the runs per day was separated by at least two 
hours. The within run, between day, total SD, and percent CVs were calculated. 
Results are shown below. Acceptance criteria: ≤10% total CV at >0.1 µmol/L, SD 
≤0.01 at ≤0.1 µmol/L. 

 
Within Run Between Day Total Sample N Mean 

(μmol/L) SD %CV SD %CV  SD %CV 
ARK Methotrexate Control 

LOW 160 0.06 0.005 8.1 0.005 7.1 0.007 10.6 
MID 160 0.37 0.011 3.1 0.008 2.2 0.014 3.8 

HIGH 160 0.76 0.039 5.1 0.029 3.8 0.048 6.4 
5 160 4.8 0.13 2.8 0.013 2.8 0.19 4.1 
50 160 48 1.40 2.9 2.13 4.4 2.71 5.6 

500 160 470 15.63 3.3 27.64 5.8 33.35 7.0 
Patient Pool 

LOW 160 0.07 0.006 9.1 0.005 7.5 0.008 11.7 

MID 160 0.41 0.013 3.3 0.026 6.4 0.030 7.2 

HIGH 160 0.82 0.037 4.5 0.042 5.1 0.057 6.9 

5 160 4.6 0.14 3.1 0.18 4.0 0.24 5.3 
50 160 45 1.31 2.9 2.62 5.9 2.92 6.5 

500 160 460 11.55 2.5 27.21 5.9 29.63 6.4 
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Interfering Substances 
 
Interference studies were conducted using CLSI/NCCLS Protocol EP7-A2 as a 
guideline. Clinically high concentrations of the following potentially interfering 
endogenous substances in serum with known levels of methotrexate 
(approximately 0.05 and 0.50 μmol/L) were evaluated. Each sample was 
assayed using the ARK Methotrexate Assay, along with a serum control of 
methotrexate. Measurement of methotrexate was not substantially affected at the 
levels of endogenous substances tested.  

 
 

  
Methotrexate 

(~ 0.05 µmol/L) 
Methotrexate 

(~ 0.50 µmol/L) 

Interfering 
Substance 

Interferent 
Concentration 

Serum 
Control 

Test Serum 
Control 

Test 
(% Control) 

Albumin 12 g/dL 0.05 0.06 0.48 0.45 ( 92.8) 

Bilirubin - conjugated 70 mg/dL 0.05 0.06 0.48 0.51 (105.5) 

Bilirubin - unconjugated 70 mg/dL 0.05 0.06 0.48 0.52 (106.9) 

Cholesterol 400 mg/dL 0.05 0.06 0.47 0.49 (105.4) 

Gamma-Globulin 12 g/dL 0.05 0.06 0.48 0.51 (105.5) 

Hemoglobin 1000 mg/dL 0.04 0.05 0.49 0.45 ( 92.8) 

Intralipid® 500 mg/dL 0.05 0.05 0.43 0.45 (105.1) 

Rheumatoid Factor 1100 IU/mL 0.05 0.06 0.43 0.41 ( 96.1) 

Triglycerides 749 mg/dL 0.04 0.04 0.49 0.45 ( 91.4) 

Uric Acid 30 mg/dL 0.05 0.04 0.48 0.50 (102.8) 

 
 
 

Specificity 
 
Methotrexate’s metabolites, folate analogs and other compounds having 
structural similarity were tested to determine whether these compounds affect the 
quantitation of methotrexate concentrations using the ARK Methotrexate Assay. 
High levels of these compounds were spiked into serum pools containing low no 
methotrexate, 0.05 μmol/L or 0.50 μmol/L of methotrexate. The samples were 
analyzed and the methotrexate concentrations of samples containing interferent 
were compared to a serum control. 
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Crossreactivity to 7-Hydroxymethotrexate, the major metabolite 
After administration of high-dose methotrexate (HDMTX), the serum/plasma 
concentration of 7-hydroxymethotrexate typically exceeds that of methotrexate at 
later time points. It has been reported that 7-hydroxymethotrexate levels exceed 
those of methotrexate by up to 100-fold 12 to 48 hours after HDMTX 
administration.15, 27, 29, 32, 34-35

 
Crossreactivity by 7-hydroxymethotrexate in the measurement of methotrexate 
was was determined for the ARK Methotrexate Assay by testing paired samples 
containing (1) both 0.05 μmol/L methotrexate and 5 μmol/L 7-
hydroxymethotrexate and (2) both 0.50 μmol/L methotrexate and 50 μmol/L 7-
hydroxymethotrexate in human serum.  
 
The ARK Methotrexate Assay did not crossreact (≤ 0.07%) with the major 
metabolite 7-hydroxymethotrexate. 
 
 
Crossreactivity to 2,4-Diamino-N10-methylpteroic acid (DAMPA)
As a minor metabolite of methotrexate, DAMPA is not expected to circulate at 
concentrations that would interfere in measurement of methotrexate.33 However, 
following glucarpidase rescue therapy, the serum concentration of DAMPA can 
be substantial.13, 14 The ARK Methotrexate Assay crossreacts substantially with 
the minor metabolite DAMPA. Tests were performed in the absence of the parent 
drug methotrexate. Crossreactivity to DAMPA ranged 64.3 to 100%. The assay 
should not be used during possible compassionate therapy with glucarpidase 
(carboxypeptidase G2) that rapidly converts circulating methotrexate to DAMPA. 
 
 
Drugs that crossreact 
The ARK Methotrexate Assay crossreacts slightly with triamterene and 
trimethoprim, however these drugs may be contraindicated for MTX cancer 
treatement due to additional adverse effects if co-administered. The structures of 
these compounds closely match the pteridine ring moiety of methotrexate. 

 

  Methotrexate Absent Methotrexate Present 
0.05 µmol/L 

Methotrexate Present 
0.50 µmol/L 

Compound Tested 
(µmol/L) 

MTX 
(µmol/L) 

Cross 
Reactivity 

(%) 
MTX 

(µmol/L) 
Cross 

Reactivity 
(%) 

MTX 
(µmol/L) 

Cross 
Reactivity 

(%) 
Triamterene 25 0.46 1.85 0.89 3.32 1.04 2.31 

Trimethoprim 100 0.17 0.17 0.16 0.12 0.99 0.54 
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Crossreactivity to folate analogs and other compounds 
 
The ARK Methotrexate Assay did not crossreact (≤ 0.01%) with folate analogs or 
other compounds at ≥ 1000 µmol/L as tested. 

 

Compound Tested 
(µmol/L) 

Adriamycin  1000 
Cyclophosphamide  1500 
Cytosine  1000 
Dihydrofolic Acid  1000 
DL-6-Methyl-5,6,7,8-Tetrahydropterine  1000 
Folic Acid   1000 
Folinic Acid (leucovorin) 1000 
5-Fluorouracil   3000 
6-Mercaptopurine   1000 
5-Methyltetrahydrofolic acid  1000 
Prednisolone   1000 
Pyrimethamine  1000 
Sulfamethoxazole   1600 
Tetrahydrofolic Acid  1000 
Vinblastine  1000 
Vincristine  1000 
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^êâ»
 Methotrexate Calibrator  

 
This ARK Diagnostics, Inc. package insert for the ARK Methotrexate Calibrator 
must be read carefully prior to use. Package insert instructions must be followed 
accordingly.  Reliability of the assay results cannot be guaranteed if there are 
any deviations from the instructions in this package insert. 
 
Customer Service 

M ARK Diagnostics, Inc. C P 
1190 Bordeaux Drive Emergo Europe 
Sunnyvale, CA 94089 USA Molenstraat 15 
Tel:   1-877-869-2320 2513 BH The Hague 
Fax:  1-408-747-0783 The Netherlands 
customersupport@ark-tdm.com Tel:  (31) (0) 70 345-8570 
www.ark-tdm.com Fax: (31) (0) 70 346-7299 
 
Key to Symbols Used 
 

g Batch code H 
YYYY-
MM-DD  

Use by/Expiration date 

h 
Catalog Number 
 M  Manufacturer 

P Authorized Representative 
 
C 

CE Mark 

V In Vitro Diagnostic Medical Device 
 
l 

Temperature limitation 

i Consult Instructions for Use Calibrator  Calibrator 

© 2011, ARK Diagnostics, Inc.  Calibrator Kit h 5026-0002-00
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1 Name  
 

^êâ»
 Methotrexate Calibrator 

 
2 Intended Use 
 

ARK Methotrexate Calibrator is intended for use in calibration of the ARK 
Methotrexate Assay, REF 5026-0001-00. 

 
3 Content 
 

ARK Methotrexate Calibrator is comprised of a synthetic protein matrix 
with the following concentrations of Methotrexate: 

 
REF Product Description Quantity/Volume 

ARK Methotrexate Calibrators* 
Methotrexate, buffer, bovine serum albumin, 
and preservatives 

Dropper vials 

A 0.00 μmol/L 1 X 2 mL 

B 0.05 μmol/L 1 X 2 mL 

C 0.15 μmol/L 1 X 2 mL 

D 0.25 μmol/L 1 X 2 mL 

E 0.50 μmol/L 1 X 2 mL 

5026-0002-00 

F 1.20 μmol/L 1 X 2 mL 

*To convert results from μmol/L Methotrexate to μg/mL Methotrexate, divide μmol/L by 
2.2005. Methotrexate levels become 0.0227, 0.0682, 0.1136, 0.2272, and 0.5453 
μg/mL for Calibrators B to F respectively. 

 
4 Standardization 
 

There is no internationally recognized standard for Methotrexate. ARK 
Methotrexate Calibrators are prepared by volumetric dilution of high purity, 
certified Methotrexate solution into a synthetic proteinaceous matrix free of 
Methotrexate. 

 
5 Warnings and Precautions 
 

• For In Vitro Diagnostic Use. 
• Do not mix calibrators from different lot numbers.  
• Use each lot as a set. 
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6 Instructions For Use 
 

• For a complete summary and explanation of the Methotrexate assay, 
refer to the package insert for the ARK Methotrexate Assay. 

• Calibrators are ready to use. Mix each level by gentle inversion before 
dispensing. 

• Squeeze sufficient volume (~40µL/drop) into individual sample cups for 
each level. Consult instrument-specific sample volume requirements. 
Return caps to their original containers and keep tight. 

• Store vials at 2-8°C. Use prior to the expiration date.  Once opened, 
vials may be stored at 2-8°C for 12 months within the expiration date. 

 
7 Procedure 

 
Calibration 
Perform a full calibration (6- point) procedure; test calibrators in duplicate. 
Verify the calibration curve with at least two levels of quality controls 
according to the established laboratory quality assurance plan. 
 
When to Re-Calibrate 
• Whenever a new lot number of reagents is used 
• Whenever indicated by quality control results  
• Whenever required by standard laboratory protocols 

 
8 Limitations of Procedure 

 
Accurate and reproducible results are dependent upon properly 
functioning instruments, reagents, calibrators, controls, storage of product 
as directed, and good laboratory technique. 
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ARK™ Methotrexate Control 
 
This ARK Diagnostics, Inc. package insert for the ARK Methotrexate Control 
must be read carefully prior to use. Package insert instructions must be followed 
accordingly.  Reliability of the assay results cannot be guaranteed if there are 
any deviations from the instructions in this package insert. 
 
Customer Service 

M ARK Diagnostics, Inc. C P 
1190 Bordeaux Drive Emergo Europe 
Sunnyvale, CA 94089 USA Molenstraat 15 
Tel:   1-877-869-2320 2513 BH The Hague 
Fax:  1-408-747-0783 The Netherlands 
customersupport@ark-tdm.com Tel:  (31) (0) 70 345-8570 
www.ark-tdm.com Fax: (31) (0) 70 346-7299 
 
Key to Symbols Used 
 

g Batch code H 
YYYY-MM-
DD  

Use by/Expiration date 

h Catalog Number M  Manufacturer 

P Authorized Representative C CE Mark 

V In Vitro Diagnostic Medical Device l Temperature limitation 

i Consult Instructions for Use a Quality Control 

© 2011, ARK Diagnostics, Inc.  Control Kit h 5026-0003-00
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1 Name  
 

^êâ» Methotrexate Control 
 
2 Intended Use 
 

ARK Methotrexate Control is intended for use in quality control of the ARK 
Methotrexate Assay, REF 5026-0001-00. 

 
3 Content 
 

ARK Methotrexate Control is comprised of a synthetic protein matrix with 
the following concentrations of Methotrexate: 

 
REF Product Description Quantity/Volume 

5026-0003-00 
Complete Set 

ARK Methotrexate Control* 
Methotrexate, buffer, bovine serum 
albumin, and preservatives (nominal level) 

Dropper vials 

LOW (0.07 μmol/L) 1 X 2 mL 

MID (0.40 μmol/L) 1 X 2 mL 

5026-0003-01 
Calibration 
Range 
Controls1

HIGH (0.80 μmol/L) 1 X 2 mL 

5 μmol/L 1 X 2 mL 

50 μmol/L 1 X 2 mL 

5026-0003-02 
High Range 
Controls2

500 μmol/L 1 X 2 mL 

*To convert results from μmol/L Methotrexate to μg/mL Methotrexate, divide μmol/L by 
2.2005. Methotrexate levels become 0.0318, 0.1818, 0.3636, 2.272, 22.72, and 227.2 
μg/mL respectively. 

 
Each laboratory should establish its own ranges for each new lot of controls. 
 
1 Calibration range controls may be obtained separately as a set,  

REF 5026-0003-01. 
2 High range controls may be obtained separately as a set,  

REF 5026-0003-02. 
 
4 Warnings and Precautions 
 

• For In Vitro Diagnostic Use. 
• Do not mix controls from different lot numbers.  
• Use each lot as a set. 
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5 Instructions For Use 
 

• For a complete summary and explanation of the Methotrexate assay, 
refer to the package insert for the ARK Methotrexate Assay. 

• Controls are ready to use. Mix each level by gentle inversion before 
dispensing.  

• High range controls must be diluted prior to testing. 
• Squeeze sufficient volume (~40µL/drop) into individual sample cups for 

each level. Consult instrument-specific sample volume requirements. 
Return caps to their original containers and keep tight. 

• Store vials at 2-8°C. Use prior to the expiration date.  Once opened, 
vials may be stored at 2-8°C for 12 months within the expiration date. 

 
6 Limitations of Procedure 
 

Accurate and reproducible results are dependent upon properly 
functioning instruments, reagents, calibrators, controls, storage of product 
as directed, and good laboratory technique. 
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ARK™ Methotrexate Dilution Buffer 
 
This ARK Diagnostics, Inc. package insert for the ARK Methotrexate Dilution 
Buffer must be read carefully prior to use. Package insert instructions must be 
followed accordingly.  Reliability of the assay results cannot be guaranteed if 
there are any deviations from the instructions in this package insert. 
 
Customer Service 

M ARK Diagnostics, Inc. C P 
1190 Bordeaux Drive Emergo Europe 
Sunnyvale, CA 94089 USA Molenstraat 15 
Tel:   1-877-869-2320 2513 BH The Hague 
Fax:  1-408-747-0783 The Netherlands 
customersupport@ark-tdm.com Tel:  (31) (0) 70 345-8570 
www.ark-tdm.com Fax: (31) (0) 70 346-7299 
 
Key to Symbols Used 
 

g Batch code H 
YYYY-MM-
DD  

Use by/Expiration date 

h Catalog Number M  Manufacturer 

P Authorized Representative C CE Mark 

V In Vitro Diagnostic Medical Device l Temperature limitation 

i Consult Instructions for Use a Quality Control 
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1 Name  
 

^êâ» Methotrexate Dilution Buffer 
 
2 Intended Use 
 

ARK Methotrexate Dilution Buffer is intended for dilution of specimens 
containing high concentrations of methotrexate for the ARK Methotrexate 
Assay, REF 5026-0001-00. 

 
3 Content 
 

ARK Methotrexate Dilution Buffer is comprised of a synthetic protein 
matrix. Its composition is equivalent to Calibrator A (zero), ARK 
Methotrexate Calibrator, REF 5026-0002-00. 

 
REF Product Description Quantity/Volume 

5026-0004-00 ARK Methotrexate Dilution Buffer 
Buffer, bovine serum albumin, and 
preservatives  

1 X 25 mL 

 
4 Warnings and Precautions 
 

• For In Vitro Diagnostic Use. 
 

5 Instructions For Use 
 

• For a complete summary and explanation of the Methotrexate assay, 
refer to the package insert for the ARK Methotrexate Assay. 

• Dilution Buffer is ready to use. Mix by gentle inversion before 
dispensing. 

• Store at 2-8°C. Use prior to the expiration date.  Once opened, store at 
2-8°C for 12 months within the expiration date. 

 
6 Procedure – Manual Dilution Protocol 

 
The calibration range of the ARK Methotrexate calibration curve is 0.00 - 
1.20 μmol/L. Specimens and controls containing methotrexate in higher 
concentrations (>1.20 μmol/L), are assayed by dilution of the specimen 
and controls into the range of the calibration curve. 
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Manually dilute the high specimen or high range control with ARK 
Methotrexate Dilution Buffer by preparing the appropriate ten-fold serial 
dilution as shown below. 
 

Sample  
Volume 

Dilution Matrix
Volume  Dilution Dilution 

Factor 
50 μL Undiluted sample 450 μL 1:10 10 

50 μL  1:10 sample 450 μL 1:100 100 

50 μL  1:100 sample 450 μL 1:1000 1000 

50 μL  1:1000 sample 450 μL 1:10000 10000 
 
 
Manual Dilution Factor = (Volume of Specimen + Volume of Dilution Buffer)
               Specimen Volume 
 
Multiply the assayed result by the dilution factor. To convert μmol/L to 
μg/mL, divide the value obtained by the conversion factor of 2.2005. 
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MATTERS
ARISING

Maternal age and the risk
of developing ankylosing
spondylitis

We read with interest the article by Weinreich
and colleagues.1 They showed that transgenic
mice born to mothers aged 8 months or older
had a significantly lower frequency of murine
ankylosing enthesopathy than mice born to
younger mothers. They speculated that an
age related increase in maternal antibody lev-
els resulted in increasing protection of
oVspring against a ubiquitous, potentially
arthritogenic, micro-organism. In humans, as
in the mouse model, environmental factors
must influence the development of ankylos-
ing spondylitis (AS). We sought evidence that
the age of conception in women with AS
influenced the risk of their oVspring develop-
ing disease.

We collected data from 3473 patients with
AS, regarding the age, and AS status, of rela-
tives. Nine hundred and sixty two were
female, male: female ratio 2.6:1. Six hundred
and sixty five were recruited from the Royal
National Hospital for Rheumatic Diseases
(RNHRD), 2779 from the National Ankylos-
ing Spondylitis Society (NASS), and 29 were
relatives of RNHRD patients or NASS mem-
bers, but were not RNHRD patients or
NASS members themselves. Those from the
RNHRD have been confirmed, by a rheuma-
tologist, as having AS according to the New
York criteria.2 The diagnosis of AS in the
overall patient population has been validated
in three separate cohorts in which 100% of
146 patients had AS (personal communica-
tions M Brown, Oxford), 92.7% of 330
patients had AS (personal communications
K Gomez, Bath), and 96% of 50 patients had
AS.3 Data were available for 39 pairs in which
both mother and oVspring had AS (21 moth-
er:daughter pairs, 18 mother:son pairs).
There were no families with data available for
more than one mother:child pair. The higher
than expected ratio of mother:daughter to
mother:son pairs is the subject of an ongoing
investigation. From our data base we chose
39 control pairs, where the mother had AS
and the oVspring did not, by matching the
oVspring for sex and age to the nearest year.
We were able to match the oVspring for birth
rank in 37 cases (20 mother:daughter pairs,
17 mother:son pairs). The oVspring were not
matched for sibship size. The maternal ages
at birth of oVspring are shown (see table 1).
Using paired t tests, we compared maternal
ages at childbirth in the groups where the oV-
spring had AS, and where the oVspring did
not have AS. The diVerence in the maternal
age at childbirth was significant only when
comparing mothers of sons with AS and

mothers of sons without AS (p = 0.04; diVer-
ence in mean maternal age at childbirth =
2.78 years). Mothers with AS, whose sons
had AS, had given birth at a older age than
those whose sons did not have AS.

Unlike the situation in the murine model,
we find no evidence that increasing maternal
age in humans is protective against the devel-
opment of AS. However, the number of pairs
available for our analysis was small. The
influence of age at conception, on the
development of AS in the oVspring, remains
an interesting area that deserves further
attention.

KARIM RAZA
L GAIL KENNEDY

ANDREI CALIN
Royal National Hospital for Rheumatic

Diseases, Bath, BA1 1RL
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LETTER TO
THE EDITOR

Methotrexate and
triamterene—a potentially
fatal combination?
A 57 year old woman had been treated for
several years with diclofenac 150 mg/day,
atenolol 50 mg/day, and triamterene/
hydrochlorthiazide 50/25 mg/day for rheu-
matoid arthritis (RA) and hypertension. Her
doctor started treatment with methotrexate 5
mg/week for active RA. At the start of meth-
otrexate treatment her full blood count was
normal except for a haemoglobin of 10.1
g/dl. Renal and liver function were not
checked. She weighed 68.5 kg. After one
month her haemoglobin had fallen to 8.0 g/dl
and her white cell count to 3.6 × 109/l and she
developed mouth ulcers, dyspnoea, and easy
bruising. She continued taking methotrexate,
but after a month of these symptoms was
admitted to hospital as an emergency.

On examination she was pale, tachypnoeic,
and dehydrated with extensive mucosal
ulceration. Investigations showed a pancyto-
paenia with renal impairment (Hb 4.1 g/dl,
mean cell volume 89.5 fl, white cell count 3.1
× 109/l, neutrophils 2.0 × 109/l, lymphocytes
0.5 × 109/l, platelets 31 × 109/l, serum urea

20.8 mmol/l, and creatinine 148 µmol/l).
Urine analysis, liver function tests, and chest
x ray were unremarkable. Plasma folate was
low at 1.6 µg/l (reference range 1.9—9.0).
Cultures of body fluids were subsequently
sterile.

She was treated for presumed methotrex-
ate induced bone marrow suppression, with
blood products and antimicrobials, discon-
tinuation of usual medication, and, on
haematological advice, oral folic acid 10
mg/day. Her white cell count fell over the
next 48 hours (2.2 × 109/l, neutrophils 1.3 ×
109/l), and a bone marrow biopsy showed
features consistent with partially treated
methotrexate induced megaloblastosis. Oral
folinic acid 15 mg four times daily was
substituted for folic acid and five days later
her full blood count and renal function had
returned to normal (Hb 10.5 g/dl, white cell
count 6.1 × 109/l, platelets 268 × 109/l, serum
urea 2.8 mmol/l, and creatinine 90 µmol/l).

Methotrexate is a folate antagonist,
competing with folate for active transport
into cells and competitively inhibiting
dihydrofolate reductase (DHFR). The risk of
marrow toxicity may be increased by
co-prescribing other folate antagonists.1

Triamterene is a potassium sparing
diuretic, structurally similar to folate, with
anti-folate activity. It inhibits DHFR in vivo 2

and in vitro3 and inhibits folic acid absorption
in the rat.4 Patients treated with high doses of
triamterene for ascites may develop megalob-
lastic anaemia, which responds to folinic acid
treatment.3 5 Thus, there are good theoretical
reasons for this patient developing marrow
toxicity as a result of an interaction between
methotrexate and triamterene. Long term
triamterene treatment may have rendered her
folate deficient, the two drugs may have had a
synergistic eVect on DHFR, or both of these
mechanisms may have been involved.

The lack of information on pre-treatment
renal function means that the possibility that
toxicity developed as a result of reduced renal
clearance of methotrexate cannot be
excluded. Hypertension or the combination
of medication may have resulted in
compromised renal function. However, the
fact that the serum urea was increased out of
proportion to the creatinine, and both
parameters returned to normal with rehydra-
tion suggests that her abnormal renal
function may have been secondary to
dehydration consequent upon her illness,
rather than the cause of it.

In addition to this suspected drug interac-
tion, this case highlights several other impor-
tant points about the prescribing of
methotrexate. It should be given under
specialist supervision with baseline and regu-
lar monitoring of full blood count, renal and
liver function.6 The patient and doctor
should be warned about possible side eVects
and advised to stop the drug should
suspected side eVects develop. Extra caution
is required in patients with renal impairment7

or receiving nephrotoxic drugs.1 Finally folic
acid has no place in the management of
methotrexate induced pancytopaenia, the
reduced form of folate, folinic acid, should be
given as soon as the condition is suspected.8

RUTH RICHMOND
EUAN R MCRORIE

DAVID A OGDEN
C MICHAEL LAMBERT
Rheumatic Diseases Unit,
Western General Hospital,

Crewe Road South,
Edinburgh EH4 2XU

Table 1 Age of mothers with AS at birth of children, with AS and without AS

AS mother: AS child mean (SD)
maternal age at child birth

AS mother: non AS child mean (SD)
maternal age at child birth

All mothers (n=39) 26.79 (4.14) 25.56 (4.98)
Mothers of daughters (n=21) 25.67 (3.37) 27.62 (5.17)
Mothers of sons (n=18) 28.11 (4.64) 25.33 (4.59)
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had normalization (n � 25) or improvement (n � 15) of
their serum creatinine. Frequent grade III–IV MTX
toxicities were hematological (60%) and mucositis
(35%); only eight (19%) patients developed grade
III–IV nephrotoxicity. Ten (23%) of 43 patients experi-
enced fatal complications associated with HD-MTX
therapy. Patients with three or more contributory risk
factors for delayed MTX elimination had a significantly
poorer survival than patients with fewer than three risk

factors (hazard ratio, 3.64; confidence interval, 1.14–
17.54).

Conclusions. Glucarpidase is well tolerated and
produces a rapid inactivation of substantial amounts
of MTX. However, overall results are still unsatisfac-
tory in adult and elderly patients, suggesting that ear-
lier recognition of delayed MTX elimination and
more rapid intervention are needed. The Oncologist
2007;12:1299–1308

INTRODUCTION

High-dose methotrexate (HD-MTX) is frequently used in
various malignancies, including acute lymphoblastic leuke-
mia, osteosarcoma, central nervous system (CNS) lym-
phoma, and leptomeningeal cancer [1–4]. With leucovorin
rescue and standard supportive care, HD-MTX carries a
low risk for severe treatment-related toxicity. However,
around 2%–10% of patients experience grade �2 HD-
MTX–related nephrotoxicity, which could result in delayed
further treatment or may occasionally be life threatening.
Frequencies of grade 3 or 4 HD-MTX–related nephrotox-
icity vary from only 0.6% in osteosarcoma patients to
4%–5% in mostly elderly patients with primary CNS lym-
phoma [5–7]. Precipitation of methotrexate (MTX) in renal
tubules is thought to be the main mechanism causing HD-
MTX–induced renal failure, and consequently, prolonged
exposure to toxic blood MTX concentrations. Various
types of renal replacement therapies have been used to en-
hance MTX clearance, but these require invasive access,
have a limited effect in lowering blood MTX levels with re-
bound increase in MTX levels on termination, and are not
always readily available [8].

Soon after the introduction of MTX into anticancer ther-
apy, a loss of its biological activity was observed after con-
tact with several bacteria. In 1967, a bacterial enzyme that
cleaves glutamate from folates was identified and named
carboxypeptidase G [9, 10]. Carboxypeptidase G1, isolated
from Pseudomonas stutzeri, was successfully used to lower
MTX blood levels in animal models and man, but its bac-
terial source was lost [11, 12]. In 1983, the gene for car-
boxypeptidase G2 (now termed glucarpidase), derived
from Pseudomonas sp. strain RS-16, was cloned into Esch-
erichia coli, allowing the production of sufficient amounts
of this enzyme for therapeutic purposes [13, 14]. Enzymatic
cleavage of glutamate from MTX by glucarpidase results in
formation of the nontoxic metabolite 2,4-diamino-N10-
methylpteroic acid (DAMPA) [15]. In an early study, glu-
carpidase, together with thymidine and leucovorin, was
given to 20 patients, mainly children and young adults, who

experienced HD-MTX–induced renal failure. Glucarpidase
caused a pronounced and rapid reduction in circulating
MTX, and only mild-to-moderate MTX toxicity occurred
[16]. A subsequent study evaluated glucarpidase treatment
in 65, mostly pediatric, patients with HD-MTX–induced re-
nal failure. Following glucarpidase intervention, grade 3 or
4 MTX-related toxicities occurred in up to 40% of patients,
but only four patients died as a result of HD-MTX–related
myelosuppression or infectious complications [17].

To extend these observations in a larger cohort of adult
patients with HD-MTX–induced renal failure, including
patients of advanced age, we initiated a nationwide study in
Germany. In particular, we were interested to assess the
amount of enzyme-inactivated MTX by quantification of
MTX metabolites in urine samples. Furthermore, we eval-
uated risk factors contributing to renal injury during HD-
MTX therapy [18–21].

PATIENTS AND METHODS

Eligibility and Enrolment
Patients receiving MTX at a dose of �1 g/m2 body surface
area (BSA) for a solid tumor or hematopoietic malignancy
were eligible if their serum MTX concentration (sMTX) re-
mained at �5 �mol/l at �42 hours after the start of MTX
therapy. Patients with renal failure (serum creatinine
[sCrea] �1.5� the upper limit of normal and/or oliguria)
were also eligible if this occurred �42 hours after the start
of MTX therapy or their sMTX remained at �1 �mol/l at
�42 hours or �0.4 �mol/l at �48 hours after the start of
MTX therapy. Following patient registration (24-hour ser-
vice), the study drug was immediately dispatched by a cou-
rier service.

The study was approved by the ethical committee of the
Charité and registered with the national regulatory author-
ity (Bundesamt für Arzneimittel und Medizinprodukte,
Bonn, Germany). Informed and written consent was always
obtained according to the Declaration of Helsinki. The
study protocol was offered to 110 centers collaborating
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within the German multicenter study group for treatment of
adult acute lymphoblastic leukemia.

Glucarpidase Treatment and Supportive Care
Glucarpidase, manufactured by the Centre for Applied Mi-
crobiology and Research (Salisbury, UK), was provided as
a lyophilisate (1,000 units per vial) [13, 14]. Following re-
constitution in isotonic saline, glucarpidase was given i.v.
over 5 minutes (scheduled dosage, 50 units/kg). A second
glucarpidase treatment was optional in patients with sMTX
�0.1 �mol/l �24 hours after the first intervention. Contin-
uation of supportive care measures (i.v. fluid intake �3
l/m2 BSA within 24 hours, urine pH �7, leucovorin) was
recommended until sMTX was reduced to �0.1 �mol/l
twice within 24 hours. Patients with sMTX �5 �mol/l re-
ceived 15–75 mg/m2 BSA of leucovorin i.v. every 6 hours,
according to a previously published dosing schedule [22].
Patients with sMTX �5 �mol/l received leucovorin doses
as follows: leucovorin (mg) � sMTX (�mol/l) � body
weight (kg). Decisions on secondary glucarpidase treat-
ment and leucovorin rescue were based on a readily avail-
able MTX immunoassay.

Patient Monitoring
Adverse events and toxicity were assessed daily. Serum creat-
inine, electrolytes, and blood cell counts were monitored daily
and differential blood count, alanine aminotransferase, aspar-
tate aminotransferase, alkaline phosphatase, bilirubin, pro-
thrombin time, and activated partial thromboplastin time were
measured thrice weekly. Information on the following risk fac-
tors, possibly contributing to HD-MTX–induced renal failure,
were requested: body mass index (BMI), any comedication
potentially interfering with MTX excretion or with known
nephrotoxicity, whether the urine pH was measured as �7 at
any time or the i.v. fluid intake was �3 l/m2 BSA within 24
hours, any hepatic dysfunction at baseline, presence of a third
space, urinary tract obstruction, or baseline renal dysfunction.
Clinical, routine laboratory, and toxicity data [23] were re-
corded in standardized case report forms. sMTX was deter-
mined locally by a commercially available fluorescence
polarization immunoassay (Abbott, Wiesbaden, Germany)
[24].

Pharmacokinetic Sampling
Serum samples for high-performance liquid chromatogra-
phy (HPLC) analyses were requested immediately before
and 15, 60, and 240 minutes after glucarpidase treatment
(either primary or secondary), and thereafter once daily. To
inactivate glucarpidase, tubes prefilled with 1 N hydrochlo-
ric acid were provided. Blood samples were immediately
put on ice and, after centrifugation, serum was transferred

into the prepared tubes to give a final concentration of 0.1 N
hydrochloric acid.

In a subset of patients, whole urine sampling was started
after registration until glucarpidase treatment and contin-
ued thereafter until sMTX declined to �0.1 �mol/l. The to-
tal urine volume of each container and time intervals of
urine sampling were recorded. Specimens were drawn from
each urine container after gentle mixing. All samples were
stored at least at �20°C until HPLC analysis.

HPLC Assay of MTX and MTX Metabolites in
Serum and Urine
Concentrations of MTX, 7-OH-methotrexate (OH-MTX),
DAMPA, and OH-DAMPA were determined by isocratic
reversed-phase HPLC with UV detection at 315 nm. Serum
samples were deproteinized with perchloric acid. Urine
samples were diluted with buffer. Separation was per-
formed on a C18 column filled with spherical beads
(Nucleosil™; Macherey & Nagel, Düren, Germany) or a
monolithic rod (Chromolith Speed Rod™; E. Merck,
Darmstadt, Germany). Validation of the method yielded a
limit of quantitation of 0.08 �mol/l for serum, a precision
between series of 4.3%– 6.9% (coefficient of variation),
and recovery rates of 96%–105%. Commercially available
standards for MTX, OH-MTX, and DAMPA were used
(Sigma-Aldrich, Deisenhofen, Germany), whereas OH-
DAMPA was produced by enzymatic cleavage of OH-
MTX with glucarpidase and identified in chromatograms.
Approximate concentrations of OH-DAMPA were esti-
mated by reference to the calibration of OH-MTX.

The amounts of recovered MTX and MTX metabolites
within urine sampling periods were calculated as follows:
urine concentration (mol/l) � urine volume (l) � amount of
excreted substance (mol). The percentages of molar quan-
tities of the total MTX dose administered, recovered from
urine samples as MTX and MTX metabolites, were calcu-
lated.

Immunogenicity Testing
Antiglucarpidase IgG antibody responses were assessed us-
ing an enzyme-linked immunosorbent assay. Briefly, mi-
crotiter plate wells were coated with glucarpidase prior to
incubation with serum samples. Biotinylated protein G
(Biogenesis, Poole, UK) and streptavidin horseradish per-
oxidase (DAKO, Ely, UK) were then added, followed by
tetramethylbenzidine as a chromogenic reagent (Europa
Bioproducts, Wicken, UK). A positive signal was indicated
by an increase in optical absorbance, measured at 450 nm,
above the limit of detection (LOD). The LOD was defined
as the mean plus two standard deviations of absorbance val-
ues from control samples. Serum from subjects who had not

1301Schwartz, Borner, Müller et al.
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13 patients with late (�56 hours) intervention, had sus-
tained �90% reductions in sMTX (not significant).

Repeat glucarpidase treatment during the same cycle of
HD-MTX was given to three patients. In two of these pa-
tients, sMTX prior to the second intervention was greatly
overestimated because of interference of DAMPA in the
immunoassay (sMTX immunoassay, 4.1 and 4.1 �mol/l;
sMTX HPLC, 0.13 and 0.08 �mol/l). In these two patients,
sMTX further decreased slightly to 0.11 and �0.08 �mol/l,
respectively, after repeat intervention (Fig. 2B). The re-
maining patient had a sMTX of 0.5 �mol/l (HPLC) and a
low concentration of DAMPA (0.01 �mol/l) prior to repeat
intervention. In this patient, sMTX declined from 0.5
�mol/l to undetectable after repeat intervention.

The median reduction in serum concentration of OH-
MTX in 21 patients was 43% (range, 18%–99%), whereas
three patients had 101%–138% increases in OH-MTX con-
centration within 7–15 minutes after glucarpidase adminis-
tration (data not shown).

Urine Recovery of MTX Metabolites After
Glucarpidase Treatment
Urinary excretion of DAMPA and OH-DAMPA was quan-
tified in eight patients during an 85- to 217-hour follow-up.
Proportions of the total MTX dose, recovered as DAMPA
and OH-DAMPA, varied from 0.2%–35% (Fig. 3). In two
patients, the urine recovery rates of DAMPA and OH-
DAMPA were 35% and 8.9%, compared with only �3.7%
in the other six patients. These two patients had higher pre-
treatment sMTX than all other patients (�28.3 �mol/l ver-
sus �5.8 �mol/l), with the exception of a single patient, and
received their first glucarpidase intervention early (48 and
50 hours, versus �50 hours in all other patients after the
start of HD-MTX). One patient received glucarpidase at 50
hours after the start of HD-MTX when his sMTX was 165.9

�mol/l, but his DAMPA and OH-DAMPA urine recovery
was only 3.7%. This patient had an average urine output of
only 0.1 l/hour and a sCrea of 310 �mol/l prior to glucarpi-
dase, compared with a median urine output of 0.3 l/hour and
a sCrea of �238 �mol/l in all other patients. Furthermore,
this particular patient was treated with a single dose of only
11 units/kg glucarpidase, compared with a median glucar-
pidase dose of 50 units/kg in all other patients. Finally, the
serum DAMPA concentrations in this patient remained
�40 �mol/l (Fig. 2A), whereas all other patients had
steadily declining serum DAMPA concentrations (Fig. 2B).

Immunogenicity of Glucarpidase
Serum samples for immunogenicity testing, obtained 7–41
days after glucarpidase treatment, were available from
seven patients. In three of these seven patients, antiglucar-
pidase antibodies were first detected 7–17 days after glucar-
pidase administration, whereas the remaining four patients
did not show antibody responses during 7–41 days of fol-
low-up. All positive samples were additionally tested for
their effect on glucarpidase activity. Only one of four anti-
body-positive samples showed a slight (23%) reduction in
glucarpidase activity.

Recovery from Renal Failure, MTX Toxicity, and
Outcome
The median peak sCrea in all 43 patients was 232 �mol/l. In
40 (93%) of 43 patients, the sCrea remained normal (n � 1),
returned to normal (n � 24), or improved (n � 15) after glu-
carpidase intervention. Three (7%) of 43 patients showed
an increasing sCrea during follow-up. In nine and 16 pa-
tients, the sCrea returned to baseline values and �1.5� the
baseline level within a median of 28 days and 19 days after
the start of HD-MTX, respectively. In 26 and 19 patients,
the sCrea remained above these thresholds within median
observation periods after the start of HD-MTX of 36 days
and 12 days (eight patients with missing data), respectively.
Five patients received hemodialysis (n � 3), hemofiltration
(n � 3), or hemoperfusion (n � 1) for 2–13 days, although
no absolute necessity for this was reported for four of them.
The remaining patient had a decline in sCrea after glucarpi-
dase administration, but subsequently required hemofiltra-
tion as a result of severe infection with renal failure.

Renal toxicity of any grade was the most frequently re-
ported MTX-related toxicity (98%), but only eight (19%)
patients developed grade III–IV renal toxicity (Table 3).
Among other grade III–IV toxicities, hematotoxicity (60%)
and mucositis (35%) were the most frequently reported.
Grade IV neurotoxicity occurred in two patients with acute
lymphoblastic leukemia who concurrently received a single
intrathecal MTX administration (15 mg): severe depression

Figure 3. Recovery of the inactive MTX metabolites
DAMPA and OH-DAMPA from urine samples in eight pa-
tients following glucarpidase treatment.

Abbreviations: DAMPA, 2,4-diamino-N10-methylpteroic
acid; MTX, methotrexate.
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renal damage in this study, as indicated by the median peak
creatinine level, was, however, higher (232 �mol/l � 3 mg/
dl) than that of previously evaluated patients treated with
supportive care not including glucarpidase or dialysis-
based interventions (2.1 mg/dl), but was less than in pa-
tients who received extracorporeal removal of MTX (3.9
mg/dl) [6]. Remarkably, some patients in this study re-
ceived nephrotoxic agents in addition to HD-MTX, which
may have contributed in part to delays in renal recovery. It
remains unclear whether DAMPA, which is regarded as
virtually inert but around 10-fold less soluble than MTX,
might have caused delays in renal recovery. DAMPA is
cleared by the kidneys and metabolized into OH-DAMPA
and DAMPA glucuronides [15, 16]. It is unknown whether
variations in DAMPA metabolism have a clinical impact,
requiring more refined studies with superior analytical
techniques. In patients with normal renal function, around
80% of the MTX dose is excreted renally within 24 hours
[26]. It is noteworthy that, in this study, up to 35% of the
total MTX dose was recovered as inactive metabolites from
the urine later than 48 hours after the start of the MTX in-
fusion.

We observed a high frequency of grade III–IV MTX-
related toxicities, which is not unexpected for patients with
prolonged MTX exposure. In the two major previous trials
evaluating glucarpidase, frequencies of fatal HD-MTX–
associated complications were �7%. In contrast, we ob-
served a strikingly high (23%) MTX-related fatality rate,
which in part could be explained by the higher median age
of our study patients compared with those of both previous
trials (54 versus �16 years) [16, 17]. The use of HD-MTX
in adult patients is associated with significant treatment-
related mortality, and fatality rates of 9%–10% have been
seen in trials evaluating HD-MTX in previously untreated
adult patients, who had renal toxicity rates of only �14%
[27–29]. In contrast, the patients in this study all had evi-
dence of delayed elimination of MTX, which likely in-
creased the risk for fatal MTX-related events. Except for
scarce data from case reports and small case series, toxicity
data and fatality rates in adult/elderly patients with HD-
MTX–associated renal failure are largely unknown, which
limits an estimate of the benefits of glucarpidase interven-
tion in this particular patient subgroup. The survival and
HD-MTX–related toxicities in this study did not correlate
with age, baseline sMTX, time of intervention with glucar-
pidase, glucarpidase dose, degree of sustained reduction in
sMTX, additional use of chemotherapy agents other than
MTX, or inappropriately low leucovorin doses. Risk factors
contributing to delayed MTX elimination were identified in
the majority (91%) of patients, and the presence of multiple
(three or more) risk factors correlated with fatal HD-MTX–

associated complications. This emphasizes that patients
should be carefully evaluated before HD-MTX is consid-
ered. Overweight is not an established risk factor associated
with HD-MTX–induced renal failure, but there was a re-
markably high number of overweight study patients. Phar-
macokinetic data from an obese patient indicate increases in
the volume of distribution and systemic clearance of MTX,
which may compensate each other [30]. However, nephro-
toxicity with delayed MTX elimination was reported in an-
other obese patient treated with an intermediate dose of
MTX [31]. Thus, dose adaptation guided by ideal body
weight or a proposed score system might reduce the risk for
HD-MTX–related toxicity in overweight patients [32].

CONCLUSION

In this study, glucarpidase intervention was safe and ef-
fectively reduced plasma MTX exposure in patients with
delayed MTX elimination. Glucarpidase may occasion-
ally result in antibody formation that has the potential to
reduce enzyme activity upon repeat administration. Pa-
tients in this study still had a high frequency of severe
toxicities, which reflects the high risks associated with
delayed MTX elimination in adult patients. No conclu-
sion can be drawn about the effects of glucarpidase on
toxicity from this single-arm study, and further studies
evaluating the potential of glucarpidase to reduce the risk
for severe or fatal HD-MTX–induced toxicities in pa-
tients at risk are warranted. Currently, a more careful se-
lection of patients considered suitable for HD-MTX and
the use of optimal supportive care strategies should al-
ways be attempted.
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Franklin, Berlin); T. Spulak and L. Balleisen (Evangelis-
ches Krankenhaus, Hamm); H. Steiniger and S. Seeber
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Triamterene and Hydrochlorothiazide

Acute renal failure has been reported in a few patients receiving indomethacin and formulations containing Triamterene and Hydrochlorothiazide. Caution is therefore advised 
when administering nonsteroidal anti-inflammatory agents with Triamterene and Hydrochlorothiazide.

Potassium-sparing agents, should be used cautiously, if at all, in conjunction with Angiotensin-converting enzyme (ACE) inhibitors, due to an increased risk of hyperkalemia. 
Serum potassium should be monitored frequently.

Drug/Laboratory Test Interactions

Triamterene and quinidine have similar fluorescence spectra; thus, Triamterene and Hydrochlorothiazide may interfere with the measurement of quinidine.

Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis: Long term studies with triamterene/hydrochlorothiazide combination have not been conducted.

Triamterene: In studies conducted under the auspices of the National Toxicology Program (NTP), groups of rats were fed diets containing 0, 150, 300 or 600 ppm triamterene 
and groups of mice were fed diets containing 0, 100, 200 or 400 ppm triamterene. Male and female rats exposed to the highest tested concentration received triamterene at 
about 25 and 30 mg/kg/day, respectively. Male and female mice exposed to the highest tested concentration received triamterene at about 45 and 60 mg/kg/day, respectively.

There was an increased incidence of hepatocellular neoplasia (primarily adenomas) in male and female mice at the highest dosage level. These doses represent 7.5 times 
and 10 times the Maximum Recommended Human Dose (MRHD) of 300 mg/kg (or 6 mg/kg/day based on a 50 kg patient) for male and female mice, respectively when based 
on body-weight and 0.7 times and 0.9 times the MRHD when based on body-surface area. Although hepatocellular neoplasia (exclusively adenomas) in the rat study was 
limited to triamterene-exposed males, incidence was not dose-dependent and there was no statistically significant difference from control incidence at any dose level.

Hydrochlorothiazide: Two-year feeding studies in mice and rats, conducted under the auspices of the National Toxicology Program (NTP), treated mice and rats with doses of 
hydrochlorothiazide up to 600 and 100 mg/kg/day, respectively. On a body-weight basis, these doses are 600 times (in mice) and 100 times (in rats) the Maximum 
Recommended Human Dose (MRHD) for the hydrochlorothiazide component of Triamterene and Hydrochlorothiazide tablets (50 mg/day or 1.0 mg/kg/day based on a 50 kg 
patient). On the basis of body-surface area, these doses are 56 times (in mice) and 21 times (in rats) the MRHD. These studies uncovered no evidence of carcinogenic 
potential of hydrochlorothiazide in rats or female mice, but there was equivocal evidence of hepatocarcinogenicity in male mice.

Mutagenesis: Studies of the mutagenic potential of Triamterene and Hydrochlorothiazide combination have not been performed.

Triamterene: Triamterene was not mutagenic in bacteria (S. typhimurium strains TA 98, TA 100, TA 1535 or TA 1537) with or without metabolic activation. It did not induce 
chromosomal aberrations in Chinese hamster ovary (CHO) cells in vitro with or without metabolic activation, but it did induce sister chromatid exchanges in CHO cells in vitro 
with and without metabolic activation.

Hydrochlorothiazide: Hydrochlorothiazide was not genotoxic in in vitro assays using strains TA 98, TA 100, TA 1535, TA 1537 and TA 1538 of Salmonella typhimurium (the 
Ames test) in the Chinese hamster ovary (CHO) test for chromosomal aberrations, or in in vivo assays using mouse germinal cell chromosomes, Chinese hamster bone 
marrow chromosomes, and the Drosophila sex-linked recessive lethal trait gene. Positive test results were obtained in the in vitro CHO sister chromatid exchange 
(clastogenicity) test, and in the mouse hymphoma cell (mutagenicity) assays, using concentrations of hydrochlorothiazide of 43 to 1300 mcg/mL. Positive test results were 
also obtained in the Aspergillus nidulans nondisjunction assay using an unspecified concentration of hydrochlorothiazide.

Impairment of Fertility: Studies of the effect of triamterene/ hydrochlorothiazide combination, or of triamterene alone on animal reproductive function have not been conducted. 
Hydrochlorothiazide: Hydrochlorothiazide had no adverse effects on the fertility of mice and rats of either sex in studies wherein these species were exposed via their diet to 
doses of up to 100 and 4 mg/kg/day, respectively, prior to mating and throughout gestation. Corresponding multiples of the MRHD are 100 (mice) and 4 (rats) on the basis of 
body weight and 9.4 (mice) and 0.8 (rats) on the basis of body-surface area.
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Triamterene and Hydrochlorothiazide

Pregnancy: Category C

Teratogenic Effects 

Animal reproduction studies to determine the potential for fetal harm by Triamterene and Hydrochlorothiazide tablets have not been conducted. Nevertheless, a One 
Generation Study in the rat approximated Triamterene and Hydrochlorothiazide’s composition by using a 1:1 ratio of triamterene to hydrochlorothiazide (30:30 mg/kg/day). 
There was no evidence of teratogenicity at those doses that were, on a body-weight basis, 15 and 30 times, respectively, the MRHD, and, on the basis of body-surface area, 
3.1 and 6.2 times, respectively, the MRHD.

The safe use of Triamterene and Hydrochlorothiazide tablets in pregnancy has not been established since there are no adequate and well-controlled studies with Triamterene 
and Hydrochlorothiazide tablets in pregnant women. Triamterene and Hydrochlorothiazide tablets should be used during pregnancy only if the potential benefit justifies the risk 
to the fetus.

Triamterene: Reproduction studies have been performed in rats at doses as high as 20 times the Maximum Recommended Human Dose (MRHD) on the basis of body-
weight, and 6 times the MRHD on the basis of body-surface area without evidence of harm to the fetus due to triamterene.

Because animal reproduction studies are not always predictive of human response, this drug should be used during pregnancy only if clearly needed.

Hydrochlorothiazide: Hydrochlorothiazide was orally administered to pregnant mice and rats during respective periods of major organogenesis at doses up to 3000 and 1000 
mg/kg/day, respectively. At these doses, which are multiples of the MRHD equal to 3000 for mice and 1000 for rats, based on body-weight, and equal to 282 for mice and 206 
for rats, based on body-surface area, there was no evidence of harm to the fetus. There are, however, no adequate and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used during pregnancy only if clearly needed.

Nonteratogenic Effects 

Thiazides and triamterene have been shown to cross the placental barrier and appear in cord blood. The use of thiazides and triamterene in pregnant women requires that the 
anticipated benefit be weighed against possible hazards to the fetus. These hazards include fetal or neonatal jaundice, pancreatitis, thrombocytopenia and possibly other 
adverse reactions that have occurred in the adult.

Nursing Mothers

Thiazides and triamterene in combination have not been studied in nursing mothers. Triamterene appears in animal milk and this may occur in humans. Thiazides are 
excreted in human breast milk. If use of the combination drug product is deemed essential, the patient should stop nursing.

Pediatric Use

Safety and effectiveness in pediatric patients have not been established.

Adverse Reactions

Side effects observed in association with the use of Triamterene and Hydrochlorothiazide Tablets, other combination products containing triamterene/ hydrochlorothiazide, 
and products containing triamterene or hydrochlorothiazide include the following:

Gastrointestinal: jaundice (intrahepatic cholestatic jaundice), pancreatitis, nausea, appetite disturbance, taste alter¬ation, vomiting, diarrhea, constipation, anorexia, gastric 
irritation, cramping.
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Triamterene and Hydrochlorothiazide

Central Nervous System: drowsiness and fatigue, insomnia, headache, dizziness, dry mouth, depression, anxiety, vertigo, restlessness, paresthesias.

Cardiovascular: tachycardia, shortness of breath and chest pain, orthostatic hypotension (may be aggravated by alcohol, barbiturates or narcotics).

Renal: acute renal failure, acute interstitial nephritis, renal stones composed of triamterene in association with other calculus materials, urine discoloration.

Hematologic: leukopenia, agranulocytosis, thrombocytopenia, aplastic anemia, hemolytic anemia and megaloblastosis.

Ophthalmic: xanthopsia, transient blurred vision.

Hypersensitivity: anaphylaxis, photosensitivity, rash, urticaria, purpura, necrotizing angiitis (vasculitis, cutaneous vasculitis), fever, respiratory distress including pneumonitis.

Other: muscle cramps and weakness, decreased sexual performance and sialadenitis.

Whenever adverse reactions are moderate to severe, therapy should be reduced or withdrawn.

Altered Laboratory Findings:

Serum Electrolytes: hyperkalemia, hypokalemia, hyponatremia, hypomagnesemia, hypochloremia (seeWARNINGS,PRECAUTIONS).

Creatinine, Blood Urea Nitrogen: Reversible elevations in BUN and serum creatinine have been observed in hypertensive patients treated with Triamterene and 
Hydrochlorothiazide tablets.

Glucose: hyperglycemia, glycosuria and diabetes mellitus (seePRECAUTIONS).

Serum Uric Acids, PBI and Calcium: (seePRECAUTIONS).

Other: Elevated liver enzymes have been reported in patients receiving Triamterene and Hydrochlorothiazide tablets.

Overdosage

No specific data are available regarding Triamterene and Hydrochlorothiazide overdosage in humans and no specific antidote is available.

Fluid and electrolyte imbalances are the most important concern. Excessive doses of the triamterene component may be elicit hyperkalemia, dehydration, nausea, vomiting 
and weakness and possibly hypotension. Overdosing with hydrochlorothiazide has been associated with hypokalemia, hypochloremia, hyponatremia, dehydration, lethargy 
(may progress to coma) and gastrointestinal irritation. Treatment is symptomatic and supportive. Therapy with Triamterene and Hydrochlorothiazide should be discontinued. 
Induce emesis or institute gastric lavage. Monitor serum electrolyte levels and fluid balance. Institute supportive measures as required to maintain hydration, electrolyte 
balance, respiratory, cardiovascular, and renal function.

Triamterene and Hydrochlorothiazide Dosage and Administration

Note: 37.5 mg/25 mg=37.5 mg triamterene and 25 mg hydrochlorothiazide 
75 mg/50 mg=75 mg triamterene and 50 mg hydrochlorothiazide
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Triamterene and Hydrochlorothiazide

The usual dosage of Triamterene and Hydrochlorothiazide as a tablet is 37.5 mg/25 mg or 75 mg/50 mg daily, given as a single dose, with appropriate monitoring of serum 
potassium (seeWARNINGS). There is no experience with the use of more than 75 mg/50 mg daily of Triamterene and Hydrochlorothiazide. Clinical experience with the 
administration of 37.5 mg/25 mg of Triamterene and Hydrochlorothiazide twice daily (in divided doses rather than as a single dose) suggests an increased risk of electrolyte 
imbalance and renal dysfunction.

Patients receiving 50 mg of hydrochlorothiazide who become hypokalemia may be transferred to this 75 mg/ 50 mg product directly. Patients receiving 25 mg 
hydrochlorothiazide who become hypokalemic may be transferred to a 37.5 mg/25 mg product directly.

In patients requiring hydrochlorothiazide therapy and in whom hypokalemia cannot be risked, therapy may be initiated with 37.5 mg/25 mg of Triamterene and 
Hydrochlorothiazide. If an optimal blood pressure response is not obtained with 37.5 mg/25 mg of Triamterene and Hydrochlorothiazide, then the dose should be increased to 
75 mg/ 50 mg daily as a single dose. If blood pressure still is not controlled, another antihypertensive agent may be added (seePRECAUTIONS, Drug Interactions).

Clinical studies have shown that patients taking less bioavailable formulations of Triamterene and Hydrochlorothiazide in daily doses of 25 to 50 mg hydrochlorothiazide and 
50 to 100 mg of triamterene may be safely changed to 37.5 mg/25 mg of Triamterene and Hydrochlorothiazide daily. All patients changed from less bioavailable formulations 
to this product should be monitored clinically and for serum potassium after the transfer.

How is Triamterene and Hydrochlorothiazide Supplied

Triamterene and Hydrochlorothiazide Tablets USP, 37.5 mg/25 mg, are light green, round, scored tablets, debossed with Watson 424 and are available in bottles of 30, 100 
and 500.

Triamterene and Hydrochlorothiazide Tablets USP, 75 mg/50 mg, are yellow, round, scored tablets, debossed with Watson 348 and are available in bottles of 30, 100, 500 
and 1000.

Bottles of 30 and 100 tablets are provided with child-resistant closures.

Store at 20°-25°C (68°-77°F). [See USP controlled room temperature.] Protect from light.

Dispense in a tight, light-resistant container with a child-resistant closure.

Manufactured By: 
Watson Pharma Private Limited 
Verna, Salcette Goa 403 722 INDIA

Distributed By: 
Watson Pharma, Inc. 
Corona, CA 92880 USA

Revised: December 2008                        1208B 
                                                                174380 
                                                                

PRINCIPAL DISPLAY PANEL

NDC 0591-0424-01 
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Triamterene and Hydrochlorothiazide

Triamterene and 
Hydrochlorothiazide 
Tablets USP 
37.5mg/25mg 
Watson    100 Tablets     Rx only 
 
Each tablet contains: 
Triamterene USP, 37.5 mg 
Hydrochlorothiazide USP, 25 mg 
Usual dosage: See insert for full prescribing information. 
Dispense in a tight, light-resistant containter with a 
child-resistant closure. 
Store at 20º-25ºC (68º-77ºF). [See USP controlled room 
temperature.] Project from light. 
Keep this and all medication out of the reach of children. 
 
Manufactured By: 
Watson Pharma Private Limited 
Verna, Salcette Goa 403 722 INDIA 
Code No. GO/DRUGS/741        174375 
Distributed By: Watson Pharma, Inc

\

PRINCIPAL DISPLAY PANEL
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Triamterene and Hydrochlorothiazide

NDC 0591-0348-01 
Triamterene and 
Hydrochlorothiazide 
Tablets USP 
75mg/50mg 
Watson    100 Tablets     Rx only 
 
Each tablet contains: 
Triamterene USP, 75 mg 
Hydrochlorothiazide USP, 50 mg 
Usual Dosage: See insert for full prescribing information. 
Dispense in a tight, light-resistant containter wtih a 
child-resistant closure. 
Store at 20º-25ºC (68º-77ºF). [See USP controlled room 
temperature.] Project from light. 
Keep this and all medication out of the reach of children. 
 
Manufactured By: 
Watson Pharma Private Limited 
Verna, Salcette Goa 403 722 INDIA 
Code No. GO/DRUGS/741        174377 
Distributed By: Watson Pharma, Inc. 
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Triamterene and Hydrochlorothiazide

 
Triamterene and Hydrochlorothiazide  
Triamterene and Hydrochlorothiazide  tablet

Product Information

Product Type HUMAN PRESCRIPTION DRUG NDC Product Code (Source) 0591-0424

Route of Administration ORAL DEA Schedule     

Active Ingredient/Active Moiety
Ingredient Name Basis of Strength Strength
TRIAMTERENE (TRIAMTERENE) TRIAMTERENE 37.5 mg
HYDROCHLOROTHIAZIDE (HYDROCHLOROTHIAZIDE) HYDROCHLOROTHIAZIDE 25 mg

Inactive Ingredients
Ingredient Name Strength
ANHYDROUS LACTOSE  
CELLULOSE, MICROCRYSTALLINE  
POLACRILIN POTASSIUM  
POLYETHYLENE GLYCOL 8000  
POVIDONE  
MAGNESIUM STEARATE  
FD&C BLUE NO. 2  
ALUMINUM OXIDE  

Product Characteristics
Color GREEN (Light green) Score 2 pieces
Shape ROUND Size 7mm
Flavor Imprint Code WATSON;424
Contains     

Packaging
# NDC Package Description Multilevel Packaging
1 0591-0424-01 100 TABLET In 1 BOTTLE, PLASTIC None
2 0591-0424-05 500 TABLET In 1 BOTTLE, PLASTIC None
3 0591-0424-30 30 TABLET In 1 BOTTLE, PLASTIC None

 
Marketing Information
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Triamterene and Hydrochlorothiazide

Marketing Category Application Number or Monograph Citation Marketing Start Date Marketing End Date
ANDA ANDA073449 09/23/1993
 
Triamterene and Hydrochlorothiazide  
Triamterene and Hydrochlorothiazide  tablet

Product Information

Product Type HUMAN PRESCRIPTION DRUG NDC Product Code (Source) 0591-0348

Route of Administration ORAL DEA Schedule     

Active Ingredient/Active Moiety
Ingredient Name Basis of Strength Strength
TRIAMTERENE (TRIAMTERENE) TRIAMTERENE 75 mg
HYDROCHLOROTHIAZIDE (HYDROCHLOROTHIAZIDE) HYDROCHLOROTHIAZIDE 50 mg

Inactive Ingredients
Ingredient Name Strength
ANHYDROUS LACTOSE  
CELLULOSE, MICROCRYSTALLINE  
POLACRILIN POTASSIUM  
POLYETHYLENE GLYCOL 8000  
POVIDONE  
MAGNESIUM STEARATE  

Product Characteristics
Color YELLOW Score 2 pieces
Shape ROUND Size 10mm
Flavor Imprint Code WATSON;348
Contains     

Packaging
# NDC Package Description Multilevel Packaging
1 0591-0348-01 100 TABLET In 1 BOTTLE, PLASTIC None
2 0591-0348-05 500 TABLET In 1 BOTTLE, PLASTIC None
3 0591-0348-10 1000 TABLET In 1 BOTTLE, PLASTIC None
4 0591-0348-30 30 TABLET In 1 BOTTLE, PLASTIC None

 
Marketing Information
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Triamterene and Hydrochlorothiazide

Marketing Category Application Number or Monograph Citation Marketing Start Date Marketing End Date
ANDA ANDA071851 09/23/1993
 
Labeler - Watson Laboratories, Inc. (023932721)
Establishment
Name Address ID/FEI Operations
Watson Laboratories, Inc. 840054118 ANALYSIS, LABEL, MANUFACTURE, PACK
Establishment
Name Address ID/FEI Operations
Watson Pharma Private Limited 677605709 ANALYSIS, LABEL, MANUFACTURE, PACK
Revised: 02/2011Watson Laboratories, Inc.
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methotrexate (HDMTX) is usually administered as a pro-

longed i.v. infusion and is an important component in the 

treatment regimens for a variety of cancers, including acute 

lymphoblastic leukemia, lymphoma, osteosarcoma, breast 

cancer, and head and neck cancer [3, 8– 11]. HDMTX can 

be safely administered to patients with normal renal func-

tion by vigorously hydrating and alkalinizing the patient 

to enhance the solubility of MTX in urine and through the 

use of pharmacokinetically guided LV rescue to prevent 

potentially lethal MTX toxicity [2, 12]. 

Despite these preventive measures, MTX-induced neph-

rotoxicity continues to occur, albeit infrequently. As MTX 

is primarily cleared by renal excretion, MTX-induced renal 

dysfunction leads to delayed elimination of MTX, and the 

resulting sustained, elevated plasma MTX concentration 

may lead to ineffective rescue by LV and a marked enhance-

ment of MTX’s other toxicities [3, 9, 13–15]. 

Since the introduction of HDMTX with LV rescue more 

than 25 years ago by Djerassi et al. [16], our ability to safely 

administer this regimen to patients has improved, and 

there have been a number of advances in the treatment of 

HDMTX-induced renal dysfunction over the past 20 years. 

This report reviews the etiology, incidence, presentation, 

and treatment of HDMTX-induced renal dysfunction. 

Methotrexate Pharmacology
Knowledge of MTX’s mechanism of action and metabolism 

are important for understanding MTX-associated toxicities 

and treatment. MTX enters the cell via the reduced folate 

carrier and undergoes polyglutamation catalyzed by folyl-

polyglutamate synthetase. Once polyglutamated, MTX is 

retained in cells for prolonged periods of time. Methotrex-

ate and its polyglutamates block de novo nucleotide synthe-

sis primarily by depleting cells of reduced tetrahydrofolate 

cofactors through inhibition of dihydrofolate reductase 

(DHFR) (Fig. 1) [17]. MTX polyglutamates and dihydrofo-

lates that accumulate as a result of DHFR inhibition also 

inhibit thymidylate synthase and other enzymes involved in 

the purine biosynthetic pathway [18, 19]. 

Similar to other antimetabolites, critical determinants of 

MTX cytotoxicity are not only drug concentration but also 

duration of exposure. High concentrations of MTX may be 

well tolerated for brief periods of time, whereas prolonged 

exposure to low concentrations can result in life-threaten-

ing toxicity. The type of toxicity observed with MTX is also 

a function of this concentration–time dependence. Expo-

sure to millimolar concentrations of MTX for minutes to 

hours may lead to acute renal, central nervous system, and 

liver toxicity; exposure to MTX concentrations as low as 

0.01 and 0.005 μM for >24 hours may result in bone marrow 

and gastrointestinal epithelial toxicity, respectively [20]. 

Following administration of HDMTX, two metabolites, 

7-hydroxy-methotrexate (7-OH-MTX) and 2,4-diamino-

N10-methylpteroic acid (DAMPA), are observed in plasma. 

Within 12–24 hours of the start of a HDMTX infusion, the 

plasma concentration of 7-OH-MTX, formed by the action 

of the enzyme aldehyde oxidase, exceeds the concentration 

of MTX [21, 22]. Intracellular polyglutamation of 7-OH-

MTX results in prolonged retention and enhanced cytotox-

icity [23]. DAMPA, a minor, inactive [24–26] metabolite 

of MTX, accounting for <5% of the total dose of drug that 

is excreted in urine [24], is presumably formed from MTX 

that is excreted into the intestinal tract, hydrolyzed by bac-

terial carboxypeptidases, and then reabsorbed. 

Pathogenesis of MTX-Induced Renal 
Dysfunction
The etiology of MTX-induced renal dysfunction is believed 

to be mediated by the precipitation of MTX and its metabo-

lites in the renal tubules [21, 22, 27] or via a direct toxic 

effect of MTX on the renal tubules [17]. More than 90% of 

MTX is cleared by the kidneys [13]. MTX is poorly soluble 

at acidic pH, and its metabolites, 7-OH-MTX and DAMPA, 

are six- to tenfold less soluble than MTX, respectively [21, 

24]. An increase in the urine pH from 6.0 to 7.0 results in a 

five- to eightfold greater solubility of MTX and its metab-

olites, a finding that underlies the recommendation of i.v. 

hydration (2.5–3.5 liters of fluid per m2 per 24 hours, begin-

ning 12 hours before MTX infusion and continuing for 

24–48 hours) and urine alkalinization (40–50 mEq sodium 

bicarbonate per liter of i.v. fluid) prior to, during, and after 

the administration of HDMTX. 

Shorter durations of HDMTX infusions with resultant 

higher plasma and urinary MTX concentrations may carry 

an increased risk for renal dysfunction.

Several drugs have been associated with increased tox-

icity when coadministered with MTX. The most significant 

interactions involve agents that interfere with MTX excre-

tion, primarily by competing for renal tubular secretion, 

such as probenecid, salicylates, sulfisoxazole, penicillins, 

and nonsteroidal anti-inflammatory agents [28–31]. 

MTX-induced renal dysfunction results in sustained, 

elevated plasma MTX concentrations, which in turn may 

lead to ineffective rescue by LV and a marked enhancement 

of MTX’s other toxicities, especially myelosuppression, 

mucositis, hepatitis, and dermatitis [2, 3, 9, 14, 15].

Vomiting and diarrhea during or shortly after the 

administration of MTX have been observed in patients 

who developed MTX toxicity [32, 33], but the majority of 

patients with renal dysfunction are initially asymptomatic, 

and most present with nonoliguric renal dysfunction [14, 

32, 34]. An abrupt rise in serum creatinine during or shortly 
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after MTX infusion indicates the development of renal 

dysfunction and can result in significantly elevated plasma 

MTX concentrations. Although the risk for MTX toxicity 

is dependent upon the dose and schedule of administration, 

plasma MTX concentrations should be ≤1.0 μM at 42 hours 

after the start of the HDMTX infusion, and plasma MTX 

concentrations ≥10 μM at this time point are associated with 

a high risk for the development of toxicities [2, 32, 33]. 

In the absence of early diagnosis based on urine output, 

serum creatinine, and plasma MTX determination, cou-

pled with intervention that includes pharmacokinetically 

guided increase in LV rescue, patients present following a 

delay of several days with severe mucositis, profound bone 

marrow suppression, and less commonly, dermatitis. Res-

cue attempts with even very high doses of LV at this symp-

tomatic stage have a small likelihood of relieving MTX tox-

icities. Significantly elevated liver function tests have been 

associated with HDMTX administration but do not appear 

to be associated with the development of renal failure.

Incidence 
In the 1970s, prior to routine monitoring of plasma MTX 

concentrations and pharmacokinetically guided adjust-

ment of LV, the mortality associated with HDTMX infu-

sions ranged between 4.6% and 6% [35–37]. Data from 

a number of studies performed in the 1970s found that 

elevated plasma MTX concentrations were predictive for 

the development of renal toxicities (Table 1). These studies 

demonstrated that: (a) sustained elevation of plasma MTX 

concentrations at 24 hours (>5–10 μM), 48 hours (>1.0 

μM), and 72 hours (>0.1 μM) after administration of MTX 

are predictive for the development of toxicity; (b) in the 

absence of elevated plasma MTX concentrations, the risk 

for the development of MTX-associated toxicities is mini-

mal; (c) in most circumstances, the development of MTX-

associated toxicities can be ameliorated or prevented when 

patients with elevated plasma MTX concentrations receive 

pharmacokinetically guided doses of LV rescue. These 

studies resulted in uniform institution of aggressive hydra-

tion, alkalinization, and pharmacokinetically guided 

LV. Nomograms guiding the duration and degree of res-

cue with LV based upon plasma MTX concentrations as 

a function of time of drug administration were developed 

and are being used in ongoing clinical trials that adminis-

ter HDMTX (Fig. 2) [38]. 

Reports of significant morbidity and mortality second-

ary to HDMTX-induced renal dysfunction, however, con-

tinue to appear in the literature [15, 32, 39–41]. 

With the advent of new therapeutic strategies, we recently 

reassessed the current incidence of HDMTX-induced renal 

dysfunction in patients with osteosarcoma, a population that 

usually is treated with HDMTX administered as a short i.v. 

Figure 1. Folate pathway. Sites of action of methotrexate (MTX) and of the rescue agents leucovorin and thymidine. MTX pri-
marily inhibits dihydrofolate reductase (DHFR). This results in the depletion of reduced folates (FH4), which are required for 
deoxythymidine monophosphate (dTMP) synthesis from deoxyuridine monophosphate (dUMP), and in accumulation of dihydro-
folates (FH2), which inhibit purine synthesis. The MTX rescue agent leucovorin restores the reduced folate pool after conversion 
to its active metabolite 5-methyltetrahydrofolate (5-CH3-FH4). Thymidine is directly converted to thymidine monophosphate by 
the enzyme thymidine kinase (TK), thereby circumventing blockade of the de novo pathway by MTX. 
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infusion separate from cycles that contain other cytotoxic 

drugs. Our review of the recent literature after 1980, a time 

during which hydration and alkalinization were admin-

istered routinely as part of HDMTX administration, and 

of clinical trials estimated the incidence of renal dysfunc-

tion following HDMTX to be 1.8%. Of 3,887 patients, 68 

developed grade ≥2 (World Health Organization criteria) 

nephrotoxicity. The mortality among patients who devel-

oped renal dysfunction was 4.4% [42]. Of note, this estimate 

only included patients entered in clinical trials, who likely 

receive optimal supportive care. The incidence of HDMTX-

induced renal dysfunction in all patients receiving HDMTX 

may be higher outside clinical trials and in older patients, 

as the likelihood of reduced renal function resulting from  

physiological aging processes and acquisition of comorbidi-

ties increases with age. No comparable overview in adult/

elderly patients (e.g., patients with primary central nervous 

system lymphoma) exists, but some available data indicate 

that the incidence of HDMTX-related nephrotoxicity may 

be considerably higher in this subgroup of patients [43].

Conventional Treatment Approaches
The cornerstones of preventing HDMTX toxicity—alka-

linization, maintaining urine output, monitoring serum 

creatinine and plasma MTX concentrations, and pharma-

cokinetically guided LV rescue—are also the cornerstones 

of management of the patient who develops early signs of 

renal dysfunction. Renal dysfunction, recognized by a rise 

in serum creatinine and elevated plasma MTX concentra-

tions, should be initially addressed by promptly increas-

ing the LV dose or schedule based on the time-dependent 

concentration of MTX (Fig. 2) [2]. Similar to MTX, LV 

(5-formyltetrahydrofolate) enters the cell via the reduced 

folate carrier and is converted to its active metabolite 5-

methyltetrahydrofolate (5-mTHF) (Fig. 1). The reversal of 

MTX by LV is competitive, with relatively higher concen-

trations of LV required as the MTX concentration increases 

[2, 4]. Hydration and alkalinization should be continued or 

increased, provided that adequate urine output can be main-

tained. Other supportive care measures include administer-

ing antibiotics, management of fluid and electrolytes, and 

transfusion of blood products as necessary.

The concern that patients remain at risk for severe MTX 

toxicity as long as elevated concentrations of MTX persist 

in the circulation is reflected in the scientific literature, in 

which methods that attempt to address the underlying prob-

lem of impaired MTX elimination have been reported. We 

reviewed 30 publications published in 1980–2002 on the use 

and efficacy of dialysis-based methods of MTX removal in 

49 patients with HDMTX-induced renal dysfunction [42]. 

The most frequently used single methods were hemodialy-

sis (n = 10), high-flux hemodialysis (n = 9), and charcoal 

hemoperfusion or charcoal hemofiltration (n = 7), and 16 

patients were treated with multiple modalities. Peritoneal 

dialysis alone resulted in a minimal decrease in plasma 

MTX concentrations [44, 45]. The use of other single-

modality methods of MTX removal resulted in a median 

decrease in plasma MTX concentration of 52% (range, 

Table 1. Plasma methotrexate concentrations indicating a high risk for the development of methotrexate (MTX)-associated 
toxicities

Dosage regimen
No. of patients/ 
MTX cycles

Defined toxic MTX 
concentration

No. of toxic 
concentration/
toxicity StudyMethotrexate Leucovorin

1–15 g/m2 over 
20 hrs or 
1 g/m2 as bolus

40 mg/m2 at hr 24, then 25 mg/m2 
q6h × 12 doses

52/? > ≈ 0.9 μM at 48 hrs
> ≈ 0.5 μM at 72 hrs

? Tattersall 
et al. [75]

2 g/m2 as bolus 
or over 20 hrs 

40 mg/m2 at hr 24, then 256 mg/m2 
q6h × 12

?/40 >0.1 μM at 72 hrs 7/8 Pitman et 
al. [76]

50–250 mg/kg 
over 6 hrs

15 mg/m2 q6h × 8, start 2 hrs post-
MTX (augmented for some pts 
with MTX >0.9 μM at 48 hrs)

78 /395 >0.9 μM at 48 hrs 12/5 Stoller et 
al. [12]

8 g/m2 over 4 hrs 9–15 mg q6h × 12 starting 2 hrs 
post-MTX

? >10 μM at 24 hrs 
>1 μM at 48 hrs 
>0.1 μM at 72 hrs

74/24
68/25
96/20

Niren-
berg et al. 
[77]

50–300 mg/kg 
over 4 hrs

40 mg/m2 4 hrs post-MTX then 15 
mg q6h × 11 (augmented for all pts 
with MTX >10 μM at 24 hrs)

134/496 >10 μM at 24 hrs 83/12 Isacoff et 
al. [78]

725–15,000 mg/
m2 over 6 hrs

5–90 mg/m2 q3h × 8 starting 3 hrs 
post-MTX then 12 mg/m2 q6h × 8 
(augmented for all pts with 24-hr 
MTX >5 μM)

?/114 >5 μM at 24 hrs and 
MTX t1/2 >3.5 hrs

5/1 Evans et 
al. [79]

Abbreviations: hr, hour; pts, patients; q3h, every 3 hours; q6h, every 6 hours; t1/2, half-life.
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26%–82%). Dialysis-based methods were used for up to 

14 days. The use of high-flux hemodialysis resulted in the 

greatest decrease in plasma MTX concentrations (median, 

75.7%; range, 42%–94%) within the shortest period of time 

(median, 4 hours; range, 4–12 hours). Only three patients 

had a >90% decrease in MTX concentration with the use of 

a single method in one dialysis session [46–48]. 

 A major limitation on the use of dialysis-based methods 

is the marked rebound in plasma MTX concentrations that 

can occur when the dialysis is stopped. Rebound increases 

in the postdialysis plasma MTX concentration were in the 

range of 10%–221% of the postprocedure MTX level [44, 

49, 50] and 90%–100% of the preprocedure MTX level [51–

54]. Further limitations of these methods are the accompa-

nying risks for complications from these invasive proce-

dures. Reported complications include cardiac arrest in one 

patient after plasma exchange [51], bleeding from the cath-

eter exit site [52], anemia [52, 55], thrombocytopenia [52, 

56], and hypokalemia and severe hypophosphatemia [48]. 

Investigational Treatment Approaches
Thymidine (Thd) is an endogenous nucleoside that can 

effectively circumvent MTX toxicity in patients with nor-

mal renal function [57]. Unlike LV, Thd does not compete 

with MTX for transport into the cell but is directly converted 

to thymidine monophosphate by the salvage enzyme thymi-

dine kinase, thereby circumventing blockade of the de novo 

pathway by MTX (Fig. 3) [58]. Repletion of deoxythymidine 

monophosphate (dTMP) and consequently of thymidine tri-

phosphate pools allows restoration of DNA synthesis. 

Figure 2. Example of a nomogram for pharmacokinetically 
guided leucovorin rescue after high-dose methotrexate (MTX) 
administration. 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.

In humans, the half-life of Thd is approximately 10 min-

utes, and thus this investigational drug needs to be admin-

istered as a continuous i.v. infusion in order to maintain 

effective plasma concentrations [59]. Thd has been used in 

16 patients with MTX-induced renal dysfunction as a res-

cue agent in combination with LV [14, 58]. Severe toxicity 

was observed in only three patients, in whom Thd was ini-

tiated 5, 12, and 13 days after the start of MTX infusion. 

The development of Thd as an investigational agent by the 

National Cancer Institute (NCI) Cancer Therapy Evalua-

tion Program (CTEP) was recently discontinued, and thus 

Thd is currently not available for investigational use. 

The carboxypeptidase-G class of enzymes hydrolyze 

the terminal glutamate from naturally occurring folates and 

folate analogs, such as MTX [60]. Carboxypeptidase-G rap-

idly converts MTX to the inactive metabolites DAMPA and 

glutamic acid, thus providing an alternate route of elimina-

tion to renal excretion. In the 1970s carboxypeptidase-G1, 

extracted from Pseudomonas stutzeri [61, 62], effectively 

lowered plasma MTX concentrations in a small number 

of patients with brain tumors who had been treated with 

HDMTX [63, 64]. The bacterial source of CPDG1, however, 

was lost, and no additional patients were treated [65]. 

Subsequently, carboxypeptidase-G2 (CPDG2, glucarpi-

dase), a recombinant form of the bacterial enzyme CPDG2, 

cloned from Pseudomonas strain RS-16, has become avail-

able and is being developed by CTEP and by Protherics Inc. 

(Brentwood, TN). It hydrolyzes the glutamate residue from 

naturally occurring and synthetic folate analogues [66, 

67]. When administered to patients with HDMTX-induced 

renal dysfunction, CPDG2 metabolizes circulating MTX 

to the inactive metabolite DAMPA (Fig. 3), thus provid-

ing an alternate route of elimination to renal excretion. In 

21 patients with MTX-induced renal dysfunction treated on 

a compassionate-use protocol of the NCI, CPDG2 lowered 

plasma MTX concentrations within 15 minutes of adminis-

tration by >98% [34, 68]. This group of patients received Thd 

in addition to CPDG2, because of the concern that CPDG2 

could hydrolyze both LV and its active metabolite, 5-mTHF. 

CPDG2 and Thd rescue were well tolerated in these patients, 

and MTX-related toxicities were mild to moderate. 

To assess the role of Thd in these patients, this study 

was subsequently amended to restrict Thd administration 

to patients with prolonged (>96 hours) exposure to MTX 

or with severe toxicity at study entry. MTX-associated tox-

icities and outcome were compared in 44 patients who did 

and 56 patients who did not receive Thd. That study demon-

strated that CPDG2 and LV rescue without Thd effectively 

rescued patients with HDMTX-induced renal dysfunction, 

provided CPDG2 was administered within 96 hours of the 

start of the MTX infusion [69]. 
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The efficacy in rapidly lowering plasma MTX concen-

trations was confirmed in a European study [70], in which 

LV and CPDG2 were administered to 82 patients with 

HDMTX-induced renal dysfunction. CPDG2 was adminis-

tered at a median of 52 hours (range, 25–178 hours) following 

the start of the MTX infusion and resulted in a 97% (range, 

73%–99%) reduction in plasma MTX concentrations. 

While CPDG2 preferentially hydrolyzes MTX (Km of 

8 μM), it can also hydrolyze LV (Km of 120 μM) and its 

active metabolite 5-mTHF (Km of 35 μM). The effect of 

CPDG2 on MTX, LV, and 5-mTHF plasma concentrations 

was assessed in 11 patients using reverse-phase high-per-

formance liquid chromatography [71]. Although LV con-

centrations were maintained following CPDG2 administra-

tion, LV was likely in the form of the inactive d-isomer. The 

active metabolite of LV, 5-mTHF, was indeed a substrate 

for CPDG2 and was effectively hydrolyzed. These findings 

formed the basis for the recommendation to continue with 

the administration of high doses of LV (250 mg/m2 every 

6 hours) for 48 hours after CPDG2 to allow for restoration 

of the intracellular reduced folate pool. Hempel et al. [72] 

recently evaluated the effect of CPDG2 on the inactive d-

isomer and the active l-isomer of LV in vitro, and demon-

strated that the active l-isomer was degraded much faster 

than the d-isomer. 

After systemic CPDG2 administration, DAMPA plasma 

concentrations are similar to pre-CPDG2 MTX concentra-

tions. Persistently high concentrations of the poorly water 

soluble DAMPA could theoretically lead to further renal 

toxicity by precipitation in the renal tubules. To evaluate 

whether DAMPA could contribute to a delay in renal recov-

ery, we studied 20 patients who received CPDG2 and Thd 

for MTX-induced renal dysfunction. In this population, 

serum creatinine returned to normal values at a median of 

22 days after administration of MTX [34]. This time period 

is similar to the time to renal recovery seen in patients with 

HDMTX-induced renal dysfunction and a comparable 

degree of renal injury who were treated with conventional 

dialysis-based methods [42]. CPDG2 administration, there-

fore, does not appear to impact negatively upon the recov-

ery of renal function. 

Interestingly, following administration of CPDG2 for 

MTX-induced renal dysfunction, plasma DAMPA con-

centrations decline more rapidly than MTX concentra-

tions, suggesting a nonrenal elimination of DAMPA [34]. 

In a nonhuman primate study of DAMPA metabolism, 

DAMPA was found to be metabolized to hydroxy-DAMPA, 

DAMPA-glucuronide, and hydroxy-DAMPA-glucuronide 

[25]. These metabolites were also identified in patients 

who received CPDG2 for MTX-induced renal toxicity. 

Figure 3. Carboxypeptidase-G2 
(CPDG2) hydrolyzes methotrex-
ate to 2,4-diamino-N10-meth-
ylpteroic acid (DAMPA) and 
glutamic acid.
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Metabolism of DAMPA thus likely underlies the more rapid 

elimination of DAMPA relative to MTX in patients with 

MTX-induced renal dysfunction treated with CPDG2 [25].

Current Controversies

Is Current Supportive Treatment of HDMTX-
Induced Renal Failure Adequate?
Although the use of alkalinization and hydration with 

HDMTX greatly diminishes the risk for significant neph-

rotoxicity, we have estimated that approximately 1.8% 

of patients treated with HDMTX on clinical studies with 

optimal supportive care still develop renal dysfunction that 

may prove life threatening. With supportive treatment only, 

patients remain at risk for severe toxicity as long as elevated 

concentrations of MTX persist in the circulation. High con-

centrations of LV may be inadequate in this situation. This 

clinical observation is supported by laboratory studies that 

demonstrated that reversal of MTX by LV is competitive, 

with relatively higher concentrations of LV required as the 

MTX concentration increases. When concentrations of 

MTX reached 100 μM, even tenfold higher LV concentra-

tions (1,000 μM) were unable to protect bone marrow cells 

from toxicity [73]. 

In a recent single-institution retrospective review, 

administration of high doses of LV within 24–48 hours 

of HDMTX administration rescued 13 patients with 

HDMTX-induced renal dysfunction [74]. A significant 

proportion of the 13 patients developed neutropenia (n = 8) 

(absolute neutrophil count [ANC] <1,000/μl), thrombocy-

topenia (n = 7) (platelet count <100,000/μl), and mucositis 

(n = 6). The authors concluded that treatment with high 

doses of LV administered within 24–48 hours after the 

start of the MTX infusion is sufficient therapy in patients 

with MTX-induced renal dysfunction. Based on a lower 

median MTX plasma concentration at 48 hours (16.3 μM) 

and a lower median peak serum creatinine concentra-

tion (2.0 mg/dl), compared with 20 patients who received 

CPDG2 as a rescue agent (median MTX concentration 

at 46 hours, 201 μM; median peak serum creatinine, 

3.7 mg/dl) [34], the patients reported by Flombaum and 

Meyers [74] may have suffered from less severe MTX-

associated nephrotoxicity. Close monitoring and the abil-

ity to intervene early at this single institution likely con-

tributed to the relative success of this approach, although 

it must be recognized that, despite this early intervention, 

significant toxicities occurred. 

The development of renal dysfunction following MTX 

administration remains a significant management challenge. 

The multitude of dialysis-based methods directed at low-

ering plasma MTX concentrations following development

 of nephrotoxicity attests to the difficulty encountered 

by clinicians caring for such patients. The dialysis based 

methods are relatively inefficient at reducing plasma 

MTX concentrations, and sole reliance on administering 

elevated doses of LV is not sufficient treatment for many 

patients. More effective management strategies could 

result in better outcomes for these patients. 

Risk Versus Benefits of CPDG2

Current treatment for patients who develop HDMTX-

induced renal dysfunction relies on high doses of LV to 

reduce the risk for toxicity, and with markedly elevated 

plasma MTX concentrations, the use of a dialysis-based 

methods of drug removal is often attempted. These char-

coal hemodialysis/filtration-based methods must be con-

tinuously applied, or repeated on a daily basis in order to 

reduce plasma MTX concentrations to a range in which 

standard doses of oral LV can be administered. The risks 

associated with charcoal hemodialysis/filtration-based 

methods include the risks associated with the insertion of 

vascular access devices, the risk for bleeding secondary to 

heparinization and thrombocytopenia, and the risks asso-

ciated with multiple transfusions of blood products.

The benefits of CPDG2 administration include a >98% 

decrease in plasma MTX concentration within minutes of 

enzyme administration. Patients can then be safely man-

aged with LV rescue alone. Early administration of CPDG2 

may diminish the risk for serious to life-threatening MTX 

toxicity. Furthermore, patients avoid the risks associated 

with charcoal hemodialysis/filtration-based methods of 

MTX removal, which may not be readily available outside 

of major medical centers.

The risks of CPDG2 administration appear to be infre-

quent and minor in nature. Four of 21 patients treated with 

CPDG2 described readily reversible side effects consist-

ing of a feeling of warmth (n = 2), tingling in the fingers 

(n = 1), flushing (n = 2), shaking (n = 1), and head pres-

sure (n = 1) [34], and only 2 of 82 patients in a European 

study of CPDG2 for HDMTX-induced renal dysfunction 

described mild and completely reversible symptoms of 

flushing (n = 2) and shaking (n = 1) [70]. The theoreti-

cal risk for a worsening of renal function secondary to 

accumulation of the poorly water soluble MTX metabo-

lite DAMPA has not been borne out, as the time to renal 

recovery is no different than that of historical controls 

treated with charcoal hemodialysis/filtration-based 

methods [42]. Even though CPDG2 hydrolyzes MTX pref-

erentially, 5-mTHF, the active metabolite of LV, is also 

hydrolyzed. Continuing to administer higher doses of LV 

for 48 hours after administration of CPDG2 is therefore 

currently recommended and appears effective. 
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Recommendations
The lack of early clinical symptoms predicting the devel-

opment of renal dysfunction emphasizes the need for rou-

tine daily monitoring of plasma MTX concentrations and 

serum creatinine after the administration of HDMTX, 

until MTX has declined to levels allowing discontinua-

tion of LV (<0.05 to 0.1 μM). After the diagnosis of renal 

dysfunction has been established, a prompt increase in LV 

based on plasma MTX concentrations is critical for suc-

cessful management. 

Patients who develop renal dysfunction and have 

plasma MTX concentrations ≤10 μM at 42–48 hours after 

the start of the MTX infusion can likely be successfully 

managed with LV administration and supportive care. 

Although very early institution of high-dose LV alone 

may be sufficient for patients with MTX concentrations 

>10 μM at 42–48 hours, CPDG2 offers a rapid means of 

decreasing plasma MTX concentrations by 1–2 loga-

rithms within minutes of administration. The risks of 

CPDG2 toxicity appear minimal, but as with any foreign 

protein, anaphylactic reactions could theoretically occur. 

Continuation of high-dose LV for 48 hours following 

CPDG2 administration is advised to replete intracellular 

reduced folate pools. After that time, LV rescue should be 

modified based on the lowered plasma MTX concentra-

tions. The most commonly used commercially available 

fluorescence polarization immunoassay and all immu-

noassays significantly overestimate plasma MTX con-

centrations after administration of CPDG2, because of 

the crossreactivity of DAMPA in these assays, and results 

obtained with these assays will not fully reflect the ability 

of CPDG2 to hydrolyze MTX [26]. As DAMPA is cleared 

more rapidly than MTX in patients with renal dysfunction, 

the accuracy of immunoassay results increases within a 

few days of CPDG2 administration.

For patients with HDMTX-induced renal dysfunction 

with sustained MTX concentrations >10 μM at 42–48 hours 

after the start of the MTX infusion, we would recommend 

that CPDG2 be administered in addition to LV. For patients 

with renal dysfunction and plasma MTX concentrations of 

1–10 μM, administration of CPDG2 may be considered, but 

fewer data are available for this population. CPDG2 is an 

investigational drug that can be obtained on a compassion-

ate use protocol from CTEP at the following address: Phar-

maceutical Management Branch, CTEP, NCI, Executive 

Plaza North, Room 7147, 9000 Rockville Pike, Bethesda, 

Maryland 20892-7422, USA. Telephone: 301-496-5725.
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