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Abstract: Asparaginase is an antineoplastic agent used in combination therapy for acute lymphoblastic leukemia
(ALL). The asparaginase activity measured in serum reflects the effectiveness of the drug. However, the wide inter-
individual variability in the pharmacokinetics of asparaginase suggests that the serum activity should be closely
monitored in patients during therapy. In order to identify patients with low asparaginase exposure during treat-
ment, a fast, sensitive, and high-throughput assay is required for measuring asparaginase activity in patient sera.
In this study, asparaginase activity was determined by monitoring the enzymatically-coupled oxidation of reduced
nicotinamide adenine dinucleotide (NADH) to NAD* in a 96-well format. The rate of disappearance of NADH (AmOD/
minute) was directly proportional to the activity of asparaginase, and the linear range of the assay was established
from 0.025 to 2.2 IU/mL (R?= 0.998) with a reportable range that was extended to 4.0 IU/mL by dilution with serum
albumin. Inter-assay precision was established (low control CV% = 8.8, high control CV% = 9.0), as was intra-assay
precision (low control CV% = 3.3, high control CV% = 2.7). The method is high-throughput and provides a broader lin-
ear range of detection compared to previously described assays. The speed, ease, and accuracy of the assay make
it suitable for assessing serum asparaginase activity after standard doses of native E. coli, Erwinia, and PEGylated
E. coli asparaginase given to children during the treatment of leukemia.
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asparaginase (Erwinase) is less than a day,
~1.25 days for native E. coli asparaginase
(Elspar), and about a week for the PEGylated
form of native E. coli asparaginase (Oncaspar)
[1, 5, 9]. Adverse drug reactions can limit the

Introduction

Asparaginase is an antineoplastic agent used
in combination therapy to treat acute lympho-
blastic leukemia (ALL) and lymphoma [1].

Asparaginase is a bacterial enzyme that cata-
lyzes the hydrolysis of asparagine to aspartic
acid and ammonia [1-4]. Asparagine is a non-
essential amino acid for normal cells; in leuke-
mia cells, however, there is a relative require-
ment for exogenous asparagine [2, 5, 6].
Asparaginase causes a systemic depletion of
asparagine in blood, ultimately leading to leu-
kemic cell death [2, 6].

Asparaginase activity in vivo is affected by the
preparation administered and by immunologic
factors [3, 7, 8]. The pharmacokinetic proper-
ties of asparaginase differ considerably by the
formulation, where the half-life of Erwinia

dosing of asparaginase, with up to two-thirds of
patients developing allergies [10]. Similarly, it
has been shown that patients who develop
allergies have neutralizing antibodies to aspar-
aginase, possibly leading to sub-therapeutic
activity and faster drug clearance [1, 6, 11-13].
In some patients, these are “silent antibodies”,
which affect the activity of asparaginase with-
out causing any clinical allergic reaction [3, 14].
Higher serum levels of asparaginase have been
associated with greater anti-leukemic effect.

To characterize inter-patient differences in
asparaginase activity during asparaginase ther-
apy, it is necessary to employ a sensitive and
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Figure 1. Quantifying asparaginase activity using an enzymed-coupled reaction. Asparaginase activity was deter-
mined spectrophotometrically in patient samples by a series of coupled enzymatic reactions (A-C). In order to quantify
the release of L-aspartate from L-asparaginase, an enzyme reaction mixture containing asparagine, a-ketoglutarate,
glutamic oxaloacetic transaminase, reduced B-nicotinamide adenine dinucleotide (NADH), and malic dehydroge-
nase is added to the samples and the change in absorbance over time observed is directly proportional to the rate
at of NADH consumption and to the asparaginase activity of the sample.

high-throughput assay for use in serum sam-
ples. The purpose of the manuscript is to
describe an asparaginase activity measure-
ment assay that is practical for a clinical set-
ting. The assay is high-throughput, it eliminates
the need for any sample pretreatment, and it
has a broader linear range of asparaginase
activity detection compared to other published
procedures [1, 2, 13, 15-19]. The performance
characteristics of this assay described herein
suggest that it is suitable for monitoring aspar-
aginase activity levels during the treatment of
ALL in patient samples.

Materials and methods
Basic principle

Asparaginase activity is measured in patient
serum samples by a series of coupled enzymat-
ic reactions occurring in a 96-well UV transpar-
ent microplate. In the first reaction,
L-asparaginase in the patient sample catalyzes
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the hydrolysis of L-asparagine to L-aspartate
(Figure 1A). Glutamic oxaloacetic transami-
nase subsequently catalyzes the transamina-
tion of L-aspartate and a-ketoglutarate to oxa-
loacetate and L-glutamate (Figure 1B).
Oxaloacetate is then reduced to malate in the
presence of malic dehydrogenase with the con-
current oxidation of reduced B-nicotinamide
adenine dinucleotide (NADH) to B-nicotinamide
adenine dinucleotide (NAD*) (Figure 1C). The
time-dependent change in absorbance of
NADH at 340 nm is monitored on a microplate
reader using the kinetic rate method. The
change in absorbance over time is directly pro-
portional to the rate at which the NADH is con-
sumed and it is directly related to the asparagi-
nase activity of the sample (Figure 2A).

Preparation of reagents and standards for as-
paraginase activity measurement in samples

The enzyme reaction mixture (ERM) was pre-
pared by combining 200 mL of 10 x Tris buff-
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Figure 2. Asparaginase activity is measured spectrophotometrically using a cali-
bration curve. A: Absorption readings are taken every 20 seconds for 15 min-
utes after initiating the reaction to capture changes in absorbance over time
associated with asparaginase activity. Only the linear portions of the curve are

IU/mL) and low activity con-
trols (0.10 1U/mL) were pre-
pared in a similar fashion
and used for quality control
purposes.

used to estimate the reaction rate (AmOD/minute). B: A calibration curve is con-

structed by plotting the known asparaginase concentrations of the calibrators
(0.025-2.2 IU/mL) versus the truncated reaction rates. The regression equation

Patient sample collection
and storage

is used to determine the asparaginase activity of a sample with unknown activ-

ity. The coefficient of determination (R?) for the regression line was estimated

to be 0.998.

ered saline, 400 mL of glycerol, 1400 mL of
double distilled water, 200 mg of a-ketoglutaric
acid, 264 mg of asparagine, 200 mg of 3-NADH,
1200 units of glutamic oxalacetic transami-
nase (suspension in 3.0 M (NH,),SO,, 0.05 M
Maleate, 2.5 mM o«-ketoglutarate), and 200
units of malic dehydrogenase (solution in 50%
glycerol containing 0.05 M potassium phos-
phate buffer, pH 7.5). The solution was mixed
well, aliquotted at 23 mL per tube, and stored
at -80°C. All ERM components were purchased
from Sigma (St. Louis, MO). A solution of 5%
bovine serum albumin (BSA) was prepared by
dissolving five grams of BSA (Sigma, St. Louis,
MO) in 100 mL of double distilled water, ali-
quotted at 2 mL per tube, and stored at -20°C.
An E. coli asparaginase standard solution with
500 IU/mL activity was prepared by dissolving
the contents of one vial of 500 IU E. coli
L-asparaginase white Iyophilized powder
(BioVendor Laboratory Medicine, Inc., Candler,
NC), with 1 mL of 50% glycerol (Sigma, St.
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Specimens were collected
from patients on the TOTAL
XV [20] or TOTAL XVI [21]
protocol at St. Jude Children’'s Research
Hospital using evacuated collection tubes for
serum (BD Vacutainer®, Franlin Lakes, NJ), and
the exact time the sample was drawn was
recorded. The samples were allowed to clot for
30 minute at room temperature, centrifuged at
400 x g to separate the serum, and transferred
to a clean tube. The sera were stored frozen at
-80°C until the time of analysis. The study was
approved by the St. Jude Children’s Research
Hospital Institutional Review Board and was
conducted within the US. Written informed con-
sent was obtained from the patients them-
selves (if the patients were >18 years of age) or
from the parents of the patients (for patients
<18 years of age).

Instrumentation

A BioTek EL x 808 IU microplate reader
(Winooski, VT) with an internal incubator set at
37°C, and a 340 nm filter was used to analyze
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Table 1. Linearity of calibration curve from
0.0-2.2 IU/mL asparaginase generated from
different truncations of the AmOD/minute
curves of calibrators

Region (min) R? Y-intercept Slope

0-9 0.9984 0.0011 0.0311
0-10 0.9982 0.0164 0.0310
0-11 0.9938 0.0566 0.0319
0-12 0.9754 0.0816 0.0330
1-10 0.9983 0.0335 0.0296
1-11 0.9900 0.0504 0.0304
1-12 0.9659 0.0880 0.0319
2-10 0.9979 0.0410 0.0284
2-11 0.9853 0.0730 0.0297
2-12 0.9494 0.0716 0.0307

all samples, controls, and calibrators. Gen 5
software (BioTeK Inc., Winooski, VT) was used
for data collection and analysis. After the
enzyme reaction mixture was added to the
plate, the microplate was shaken for ten sec-
onds to initiate the reaction. The kinetic data
acquisition began at the end of the shaking
period, and a twenty-second interval between
absorbance readings was included.

Assay procedure

Ten microliters of control, calibrator, or of a
patient’'s sample that received no asparagi-
nase, native E. coil asparaginase, Erwinia
asparaginase, or PEGylated E. coli asparagi-
nase was pipetted to the wells of a flat bottom
UV-transparent 96-well microplate (Corning,
Lowell, MA). All samples, standards, and con-
trols were run in quadruplicate, with the high
activity control, low activity control, and blank
included on each plate. Samples with activities
higher than the upper range of the calibration
curve were re-assayed after dilution with 5%
BSA. The enzyme activity for all samples was
measured using the native E. coli asparaginase
calibration curve regardless of the preparation
(E. coli, Erwinia, or PEGylated E. coli asparagi-
nase) used during treatment.

After temperature equilibration to 37°C, ERM
was added to each well using a 12-channel
electronic pipette. A volume of 190 L was dis-
pensed into each well, one row at a time, with a
twenty-second interval between each addition.
The kinetic data acquisition began upon the
final ERM dispensing. Due to the time required
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to add ERM to the microplate, there is a lag
time in the reaction initiation between the first
and last rows on the plate. Nevertheless, the
timed addition of ERM allows for more accurate
readings, as data are read at a twenty-second
intervals and the time of analysis are trun-
cated to account for the varying reaction start
times.

Assay validation

Accuracy, precision, and recovery: Intra-assay
precision was evaluated by assaying 24 repli-
cates of the low activity (0.10 IU/mL) and high
activity (1.0 IU/mL) controls. Inter-assay preci-
sion was similarly evaluated with high activity
(1.0 IU/mL) and low activity (0.10 IU/mL) con-
trols, and measurements were repeated daily
for twenty days. The accuracy is reported as the
percent error of the measurement and the pre-
cision is reported as coefficient of variation
(CV%). Recovery was evaluated by comparing
paired sample sets: one with added asparagi-
nase and a second with an equal volume of
added blank. The recovery was evaluated either
in normal human serum (NHS) or in randomly
selected patient samples. Each set was run at
three different asparaginase spiked activities
(1 L of 1.0, 5.0 or 10.0 IU/mL of asparaginase
or BSA was added to 9 uL of samples).

Linearity, sensitivity, and reportable range: A
calibration curve was constructed using cali-
brators with activities of 2.2, 2.0, 1.5, 1.0, 0.5,
0.1, 0.05, 0.025, and O (blank) IU/mL to deter-
mine the linear range. The coefficient of deter-
mination (R?), slope, and y-intercept were used
to evaluate the linearity of the calibration curve.
The lower limit of detection, the biological limit
of detection, and the functional sensitivity were
determined by assaying twelve replicates of
four different concentrations of asparaginase:
blank, 0.0125, 0.0250, and 0.050 IU/mL. From
these results, the lower limit of detection was
estimated by the mean of blank sample plus
two times the standard deviation. Additionally,
the biological limit of detection was calculated
by adding the lower limit of detection to two
times the standard deviation of the sample
with the lowest activity (0.0125 IU/mL).
Similarly, the functional sensitivity was deter-
mined by plotting the coefficient of variation
(CV) versus concentration and determining the
concentration where the CV is equal to 20%.
The analytical measurement range was estab-
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Table 2. lllustration that truncation of AmOD/minute versus asparaginase concentration curves
minimizes the variation and error in concentration estimation for low and high controls

With data truncation

Without data truncation

Sample 0.10 IU/mL (Low Control) 1.0 IU/mL (High Control) 0.10 IU/mL (Low Control) 1.0 IU/mL (High Control)

read IU/mL % error read IU/mL  %error read IU/mL % error read IU/mL % error
A 0.106 6.1 1.02 1.8 0.106 6.1 1.02 1.8
B 0.098 -1.8 1.00 0.1 0.094 -6.1 0.95 -4.9
C 0.100 0.1 1.01 0.6 0.089 -10.7 0.90 -9.6
D 0.106 6.4 1.04 4.3 0.090 -10.4 0.89 -11.3
E 0.096 -3.8 1.03 3.0 0.076 -24.3 0.82 -17.7
F 0.100 0.1 0.98 2.3 0.074 -26.4 0.73 -26.8
G 0.100 -0.1 1.04 4.5 0.070 -30.2 0.74 -26.5
H 0.107 7.3 1.05 5.1 0.070 -30.2 0.69 -31.3

Table 3. Intra- and inter-assay precision and accuracy

caused by interference was calculated by

Asparaginase Intra-assay (n = 24)

Inter-assay (n = 20)

comparing the difference between the
results in each set.

Control (IU/mL) % CV %Error % CV % Error
0.10 (Low Control) 3.3 8.2 8.8 1.3
1.0 (High Control) 2.7 0.2 9.0 2.0

Modeling asparaginase activity: To esti-
mate the pharmacokinetics of asparagi-

lished as the asparaginase concentrations
between the functional sensitivity and the high-
est calibrator. The direct analytical measure-
ment range was extended by diluting samples
with activities above that measured for the
highest calibrator.

Sample stability: Serum sample stability was
assessed by spiking normal human serum with
0.1 and 1.0 IU/mL of asparaginase. The test
samples were aliquotted and stored at -80°C
for long term stability studies, and at room tem-
perature and 4°C for short-term stability stud-
ies. Furthermore, concentrated asparaginase
stock solutions (500 IU/mL in BSA) were also
stored at -80°C. The stability of the concentrat-
ed asparaginase solution was determined by
diluting the stock solution to 0.1 and 1.0 IlU/mL
immediately before determining the activity.
The measured activity of all stability samples
was compared to the activity of freshly pre-
pared asparaginase controls.

Interference: The possible interferences in
patient samples by bilirubin, hemoglobin, and
lipids at different levels were investigated. Sets
of 0.10, 1.0, and 1.5 IU/mL asparaginase in
NHS were prepared. One set was spiked with
interferent and the other set was spiked with
the equal volume of blank. The percent error
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nase, a one-compartment pharmacoki-

netic model with first-order absorption
and Michaelis-Menten elimination was used [3,
22]. Population-based pharmacokinetics and
individual activity time courses were estimated
using nonlinear mixed effects modeling via
NONMEM (version 7.2) [23].

Results
Data analysis

The OD readings as a function of time at differ-
ent asparaginase concentrations are illustrat-
ed in Figure 2A. The absorbance of the 2.0 and
1.5 IU/mL asparaginase calibrator began pla-
teauing at 9 and 11 minutes, respectively. The
linearity of the calibration curves (concentra-
tion vs. AmOD/minute) was determined by aver-
aging the reaction rates at different time rang-
es along the AmOD/minute vs. time plot, and
the average slope between O and 9 minutes
gave the best linearity for the resulting calibra-
tion curves (Table 1 and Figure 2B).

Table 2 shows that appropriate truncation of
AmOD/minute data is an effective way to com-
pensate for different reaction times of wells in
a plate. Asparaginase high and low controls
(0.10 and 1.0 IU/mL), were added to wells and
the asparaginase activities were measured.
With data truncation, the percent error was
less than 8% among measured asparaginase
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Table 4. Assay recovery

nase were within 96%
to 108% in NHS and

Spiked Total activity Activity Recovery 111% to 124% in a
Matrix concentrations measured recovered .
% randomly selected spi-
IU/mL IU/mL IU/mL o ked patient sample
Normal human 0 -0.003 - - (Table 4).
serum (NHS) 0.100 0.105 0.108 108%
0.500 0.501 0.504 101% Linearity, sensitivity,
1.00 0.959 0.962 96% and reportable range
Patient sample 0 0.691 - - ) Linearity between
0.100 0.815 0.124 124% 0.025 and 2.2 1U/mL
0.500 1.25 0.556 111% (R2 = 0.998) was es-
1.00 1.80 111 111% tablished (Figure 2B

Table 5. Stability of asparaginase at -80°C

and Table 1) with ade-
quate accuracy (£7.3%
error) of target values

% Difference from freshly prepared sample

at both the high and

Asparaginase in NHS

Asparaginase in Concentrated Stock

low controls (Table 2).

Time (day) The mean measure-
0.1 1U/mL :F..O IU/mL 0.1 1U/mL :F..O IU/mL ment of the blank

(Low Control)  (High Control) (Low Control) (High Control) sample was 0.0014

5 4.2 5.1 4.5 0.8 IU/mL with a standard
8 0.2 3.6 5.3 6.3 deviation of 0.0005
10 6.2 3.5 -8.4 5.1 IU/mL, resulting in a
15 -12.5 5.9 7.2 -7 lower limit of detection
22 9.4 1.3 5.2 4.2 of 0.0024 IU/mL. The
29 129 8.2 6.2 1.2 standard deviation of
37 0.8 6.3 -10.9 123 the lowest calibrator
40 16.5 81 05 6.1 (0.0125 1U/mL) was
48 45 0.9 9.3 2.8 3';’_‘101'“{ ”;L rlels,“'i
ing in a biological limi

73 2.0 11 9-2 0.6 of detection of 0.0025
120 -15.8 -10.6 -7.0 -10.2 IU/mL. The functional
210 17 4.2 24.4 -20.8 sensitivity was deter-
270 -16.6 -7.5 -23.0 -22.8 mined as the concen-
390 2.8 11.8 -11.0 5.1 tration of asparagi-

NHS: normal human serum.

concentrations, whereas the percent error was
as high as 31.3% without truncation.

Accuracy, precision, and recovery

Accuracy, as percent error, and precision, as
coefficient of variation (CV%), in low and high
activity controls are reported on Table 3. Intra-
and inter-assay accuracy ranged from 0.2 to
8.2% and the precision was <9.0% CV. Recovery
was determined by the activity difference
between samples with a known added amount
of asparaginase (Table 4) compared to the
same sample with no added asparaginase
(blank). The average recoveries of asparagi-
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nase with a CV equal

to 20% and it was esti-

mated to be 0.011 U/
mL. The analytical measurement range was
therefore from 0.011 to 2.2 IU/mL. Ultimately,
it eliminated the need for sample pretreatment,
as the activity levels of the majority of clinical
samples fell within this range. However, the
upper limit can be extended to 4.0 IU/mL by
diluting specimens with BSA for specimens
with higher concentrations of asparaginase.

Stability

The stability of asparaginase stored at -80°C,
4°C, or at room temperature was determined in
NHS, and at -80°C for the concentrated stock
solution in BSA by comparing the activity of the
stability samples to the activity of freshly pre-
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Table 6. Stability of asparaginase at 4°C and at room temperature

% Difference from fresh prepared sample

4°C Room Temperature
Time (hour) NHS Asparaginase in BSA NHS Asparaginase in BSA

0.10lU/mL 1.0IU/mL 0.10IU/mL 21.0IU/mL 0.10IU/mL 1.0IU/mL 0.10 IU/mL 1.0 IU/mL
Low Control High Control Low Control High Control Low Control High Control Low Control  High Control

1.5 4.9 1.9 3.7 -2.6 8.3 -1.4 8.6 15
3 -13.9 9.1 2.7 71 -12.1 -8.7 3.6 -6.9
4.5 -4.9 -10.0 0.2 -8.6 4.4 -7.3 3.8 5.7
8 4.3 -3.2 0.5 -3.2 10.4 -3.8 15.1 -2.8
24 0.3 -10.9 2.7 -12.2 47.2 3.4 -1.5 -6.3
72 -4.0 -10.2 -3.3 -9.6 271 -1.0 -5.0 -11.6

NHS: normal human serum.

Table 7. Validation of interferences in the interferent concentration was low (Table 7).
asparaginase activity assay At 1.5 IU/mL asparaginase, the percent errors
Asparaginase Levels in asparaginase activity readings were less
Interferent (IU/mL) than or equal to + 3.3% when hemoglobin pres-
Interferent conc.  Toun 10 15 ent in the specimen ranged from 100 to 1000
(mg/dL) % Error mg/dL (Table 7). The percent errors caused by
Hemoglobin 100 8.7 49 33 100 and 200 mg/dL of hemoglobin were less
than or equal to + 11.7% at all levels of aspara-
200 -4.0 11.7 2.0 . .
ginase tested. However, the interference
400 443 135 24 became significant as asparaginase concentra-
1000 59.0 82 29 tion became lower. At an asparaginase activity
Intralipid 150 -11.1 -293 177 of 0.10 IU/mL, the percent error was as high as
450 -32.8 479 -43.1 -59% when hemoglobin was present at 1000
750 525 -84.1 -76.0 mg/dL (Table 7). Additionally, the interferences
Bilirubin 1 172 114 170 of lipids and bilirubin were more severe than
10 119 203 15.2 that of hemoglobin. There was a directly pro-
20 576 29.4 34.4 portional relationship between interferent con-
centration and percent error at all levels of
asparaginase activity tested (Table 7). Lipids
pared asparaginase controls. NHS samples caused the asparaginase activity measure-
spiked with 0.1 IU/mL of asparaginase (Tables ment to be lower than the expected value, while
5 and 6) were stable for 390 days at -80°C, 72 bilirubin causes the asparaginase activity mea-
hours at 4°C, and 8 hours at room tempera- surements to be higher than the expected
ture. Similarly, NHS samples spiked with 1.0 U/ value.
mL of asparaginase (Tables 5 and 6) were sta-
ble for 390 days at -80°C, 72 hours at 4°C, and Application of assay to patient samples
72 hours at room temperature. Asparaginase
concentrated stock solutions stored at -80°C Asparaginase activity in patient sera will be
were stable for 120 days (Table 5) and were used to determine the pharmacokinetics of
used to prepare asparaginase solutions with a PEGylated E. coli asparaginase at doses of
final concentration of 0.1 or 1.0 IU/mL of aspar- 2,500 and 3,500 1U/m? given intravenously for
aginase. Both the 0.1 IU/mL and the 1.0 IU/mL patients on the TOTAL XVI protocol at St. Jude
BSA solutions (Table 6) were stable for 72 Children’s Research Hospital (Figure 3). The
hours at 4°C, and 72 hours at room tempe- assay can also be used to measure asparagi-
rature. nase in serum after native E. coli asparaginase
Interference and Erwinia a§p§raginase administration,
where serum activities measured 1 or 7 days
Hemoglobin interference was negligible when after intramuscular native E. coli asparaginase
asparaginase concentration was high or when administration ranged from 2.313 to 0.002 1U/
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tributes to a poor treatment
outcome.

Few of the previously des-
cribed asparaginase activi-
ty measurement assays are
high-throughput, and most
require laborious sample
preparation [1, 2, 13,
15-19]. Furthermore, simi-
lar high-throughput assays
based on the detection of
ammonia require meticu-
lous care during testing
and have a narrower linear
range of detection com-
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Figure 3. Measurement and modeling of asparaginase activity in patient sam-
ples. The asparaginase activity of an acute lymphoblastic (ALL) patient enrolled
in the TXVI protocol was measured before treatment and at 3, 5, 8, 12, and 37

10 15 20 25

30 35 pared to the method
described in this manu-
script (linear over an
88-fold range compared to
a 24-fold range) [15, 18].
Our method utilizes 96-well

days after a single dose of PEGylated E. coli asparaginase at 3,000 units/m?

during induction (o). The solid black line represents the best fit from the phar-

macokinetic modelling.

mL in patients given 25,000 IU/m?2. Similarly,
activities measured 1 or 3 days after intramus-
cular Erwinia asparaginase administration
ranged from 1.032 to 0.019 U/mL in patients
given 20,000-25,000 U/m?2.

Discussion

This assay will allow for the effective analysis of
activity levels of patients receiving all forms of
clinically used asparaginase [1, 8, 24]. There is
increasing interest in performing therapeutic
drug monitoring for asparaginase, due to the
possible influence of asparaginase-specific
antibodies on the systemic exposure of aspara-
ginase [25]. As asparaginase is a non-human
protein, the presence of antibodies may result
in the inactivation of the drug [6, 26]. This is not
an infrequent occurrence as 0% to 63% of
patients experience hypersensitivity reactions
during treatment and 15% to 80% of patients
have been reported to form antibodies [8, 10,
14, 27-30]. Similarly, not all patients that have
antibodies will develop an allergic reaction. This
phenomenon, known as “silent hypersensitivi-
ty”, occurs in anywhere from 5% to 46% of
patients [3, 8, 31]. Patients that develop anti-
bodies without any clinical symptoms may have
increased asparaginase cl-earance that con-
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plates and is able to mea-
sure 21 samples, along
with controls, in one run.
The assay compensates for
the differing reaction times by timed addition of
reagents and by data truncation to ensure lin-
earity in the enzymatic reactions used for esti-
mating the activity of each calibrator and con-
trol. These assay parameters are designed to
improve the linearity range and to eliminate the
need for sample pretreatment. Our high-
throughput assay offers a fast, accurate, and
sensitive method that has been successfully
used to determine the asparaginase pharma-
cokinetic properties of patient sera from chil-
dren with acute lymphoblastic leukemia.
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