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Considerable inter- and intra-patient variability exist in serum activ-
ity levels of PEGasparaginase, essential for pediatric acute lym-
phoblastic leukemia (ALL) treatment. A population pharmacoki-

netic (popPK) model was developed, identifying patient characteristics
that explain these variabilities. Patients (n=92) were treated according to
the Dutch Childhood Oncology Group (DCOG) ALL-11 protocol, using
therapeutic drug monitoring to individualize PEGasparaginase doses.
Non-linear mixed effects modeling (NONMEM) was used to analyze
popPK evaluating several covariates. The final model was validated using
an independent database (n=28). Guidelines for starting doses and dose
adjustments were developed. A one-compartment model with time-
dependent clearance was adequately described in popPK. Normalization
of clearance and volume of distribution by body surface area reduced
inter-individual variability. Clearance was 0.084 L/day/m2 for 12.7 days,
increasing by 0.082 L/day/m2/day thereafter. Clearance was 38% higher
during an infection, and 11-19% higher during induction treatment than
during intensification and maintenance (P<0.001). In order to target an
asparaginase activity level of 100 IU/L, a loading dose of 800 IU/m2

(induction) and 600 IU/m2 (intensification) is advised. In conclusion, vari-
ability of PEGasparaginase activity levels can be explained by body sur-
face area, the treatment phase and the occurrence of an infection. With
this popPK model, PEGasparaginase treatment can be individualized fur-
ther, taking into account the covariates and the dosing guidelines provid-
ed. (clinicaltrials gov. Identifier [CCMO register]: NL50250.078.14). 
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ABSTRACT

Introduction

Asparaginase plays an important role in the treatment of pediatric acute lym-
phoblastic leukemia (ALL). The drug converts asparagine in aspartic acid and
ammonia, resulting in apoptosis of the leukemic cells, as these cells highly depend
on extracellular asparagine pools for protein synthesis.1-3 An asparaginase activity
level of >100 IU/L is considered to be sufficient for complete asparagine depletion.4-10

Currently, different formulations of asparaginase derived from Erwinia chrysanthemi
or Escherichia coli (E. coli) are available in clinical practice, all with different pharma-
cokinetic (PK) properties.11,12 One of these formulations is the polyethylene glycol
(PEG) conjugated form of E. coli asparaginase, also known as PEGasparaginase,
which has several advantages compared to the native E.coli asparaginase. First, the
risk of developing a neutralizing hypersensitivity reaction to asparaginase is
reduced when using PEGasparaginase.13-15 Second, PEGasparaginase can be adminis-
tered less frequently than other asparaginase formulations because of its relatively
low clearance (CL).16,17 Therefore, PEGasparaginase is currently used as a first-line
formulation in most developed countries. However, considerable inter- and intra-
patient variability of PEGasparaginase levels has been observed and it is, therefore,
difficult to determine the right dose for an individual patient.17,18 Currently, asparag-
inase therapy in Dutch pediatric patients with ALL, treated according to the Dutch
Childhood Oncology Group (DCOG) ALL-11 protocol, is individualized with ther-



apeutic drug monitoring (TDM). However, more insight
into PEGasparaginase population (popPK) – and especially
in characteristics explaining the variability – is needed to
optimize individualized dosing. Recently, Hempel et al.
described the body surface area (BSA) as an important fac-
tor explaining variability in CL. However, the influence of
other patient factors is still unknown.17 Therefore, the aim
of this study was to describe the PK of PEGasparaginase in
our cohort, to gain more insight into factors influencing
the CL, and to develop a dosing guideline for
PEGasparaginase therapy in children.  

Methods

Patients and treatment protocol
Patients (1-18 years old) with newly diagnosed ALL between

November 2014 and May 2017, treated according to the ALL-11
protocol in the Sophia Children’s Hospital–Erasmus MC,
Rotterdam, were included. In these patients trough, top, week
and other levels were prospectively measured. In addition,
asparaginase levels measured after the last dose, as part of the
TDM program from patients from other Dutch pediatric oncol-
ogy centers, were included. The study was approved by the
Institutional Review Board (clinicaltrials gov. Identifier [CCMO
register]: NL50250.078.14). Informed consent was obtained
from patients ≥12 and the parents in accordance with the
Declaration of Helsinki.  
Patients were stratified as standard (SR), medium (MR) and

high risk (HR) after induction. Online Supplementary Table S1
describes the complete treatment for each risk group. Figure 1
shows the concomitant chemotherapy per treatment phase. All
patients were treated with three doses of PEGasparaginase
(1,500 IU/m2, biweekly) during induction (protocol 1A and B).
For SR and MR patients, the subsequent dose(s) were individu-
alized based on trough asparaginase activity levels (Online
Supplementary Table S3). SR patients received one individualized
dose after an interval of approximately 12 weeks (protocol IV);
MR patients received 14 individualized doses, either directly
after the first three doses or after an interval of approximately 12
weeks during intensification and maintenance as part of a ran-
domized study. HR patients received another  two to five doses
with a fixed dose of 1,500 IU/m2. Patients were switched to
Erwinia asparaginase in case of a neutralizing allergy or silent
inactivation. PEGasparaginase was administered intravenously
over 1 hour. 

Measurements
Measurements of asparaginase levels and antibodies are

described in the Online Supplementary Appendix. 

Population pharmacokinetic analysis
The popPK were analyzed using non-linear mixed models (see

the Online Supplementary Appendix). Several structural models
were evaluated using one and two compartment models with
linear, nonlinear, and time-dependent elimination. Since BSA is
known to highly influence the PK of PEGasparaginase, BSA (cal-
culated with the Mosteller formula19) was included in the struc-
tural model to scale the volume of distribution (Vd) and CL. 

Covariate analysis
Several demographic, clinical and therapy-related covariates

were evaluated (Online Supplementary Table S2). Infections were
defined as fever (>38°C) and hospital admission or prescription
of antibiotics. Beside differences in the treatment phase and con-

comitant chemotherapy, several other supportive care drugs
were evaluated. First, the covariates were explored with univari-
ate analyses after which significant covariates (P<0.05) were
evaluated using a stepwise forward inclusion, followed by back-
ward elimination (P<0.001) in a multivariate analysis. 

Model validation and development of dosing guidelines
The final model was validated using goodness of fit plots and

visual predictive checks (VPC), see the Online Supplementary
Appendix. An independent database, which was obtained by
randomly selecting 25% of the population, was used for the
external validation of the model. 
In order to develop dosing guidelines, Monte Carlo simula-

tions were performed. Starting doses were calculated targeting
trough asparaginase activity levels >100 IU/L, >250 IU/L and
>350 IU/L, taking into account the significant covariates. 
Dosing guidelines were developed targeting a trough asparag-

inase activity level of 100-250 IU/L or 250-400 IU/L based on
either week levels or trough levels. 

Results

Patients and samples
In total, 120 patients were included in the study.

Ninety-two patients were included in the index dataset
and 28 patients in the validation dataset. Online
Supplementary Table S2 describes the patient characteris-
tics of the two datasets. The patients in the validation
database were older (median 8.0 years, interquartile range
(IQR), 3.3–12.5 years) than in the main database (median
4.8 years, IQR, 3.3–8.2 years), and had a higher weight
(median 28.0 kg, IQR, 16.6–47.9 kg vs. 19.2 kg, IQR, 14.9–
29.3 kg). 
Table 1 shows the characteristics and distribution of the

samples. In the index database, 816 samples were meas-
ured in 92 patients. The majority of the levels were top,
week or trough levels, and were measured during the
intensification and maintenance phase of the MR group.
Figure 2 shows all asparaginase activity levels plotted
against the time after dose.

Structural model
The development of the structural PK model is

described in the Online Supplementary Results. The esti-
mated popPK parameters are stated in Table 2.
Concentration-time profiles were best described by a
one-compartment model. Adding a second compartment
did not improve the model. Normalization of the CL by
BSA reduced the (unexplained) inter-individual variability
(IIV) of this parameter from 29.6% to 24.1%. Intra-
patient variability (IOV) was 25.7%. As demonstrated in
Figure 2, the elimination of PEGasparaginase was not lin-
ear. Several models with time dependent CL were evalu-
ated.20 The structural model without the effect of covari-
ates best described the data with a CL of 0.075 L/day/m2

for the first 12.9 days after a dose, increasing with 0.079
L/day/m2 per day thereafter. Thus, during the first 12.9
days, the half-life of PEGasparaginase was 8.5 days and,
thereafter, decreased to 4.1 days after 1 day, and 2.7 days
after 2 days.

Covariate analysis
The univariate analysis resulted in 16 covariates signif-

icantly correlated with PEGasparaginase CL (Table 3). In

Individualized PEGasparaginase dosing guideline

haematologica | 2021; 106(5) 1255



the stepwise forward inclusion procedure, the presence of
an infection was first added to the structural model, fol-
lowed by the treatment phase. The CL increased by 38%
when a patient had an infection. In comparison with the
treatment phase 1A, which was used as a reference, CL
was lower during protocol M, MR intensification and
maintenance, and SR protocol IV. This association was
independent of the presence of an infection. The CL in
phase 1B was equal to 1A. Only two patients were treat-
ed as high risk, so the association between the HR blocks
and PEGasparaginase CL could not be estimated reliably
and was fixed to one. The addition of ICU admission to
the model (besides the infection and treatment phase),
did not improve the fit of the model to the data, neither
did the addition of other covariates improve the fit.  
The evaluation of the effect of specific chemotherapeutic

agents on CL was difficult because blood concentrations of
those agents were not measured and many chemothera-
peutics agents were administrated concomitantly.
Therefore, it was assumed that a possible effect of the agent
on CL was present during the entire treatment phase. As a
result, the treatment phase and the administration of a
chemotherapeutic agent were highly correlated.
However, as shown in Figure 1, the intensification

phase of MR patients with a TEL/AML1 translocation did
not contain doxorubicin but these patients were treated
with methotrexate additional to dexamethasone, vin-
cristine, 6-mercaptopurine and PEGasparaginase. The
other MR patients first received four times doxorubicin in
12 weeks, followed by methotrexate. Although not sig-
nificant in the univariate analysis, based on clinical
grounds, both doxorubicin and methotrexate were evalu-
ated in the multivariate analysis as the effect of these
drugs could be analyzed independently of the treatment
phase. In the univariate analysis, CL appeared 11% lower
during MR intensification and 19% lower during MR
maintenance compared to protocol 1A. 
The separate addition of the agents to the model

improved the fit of the model (doxorubicin higher CL,
methotrexate lower CL). However, in the backward elim-
ination, both drugs did not influence the PEGasparaginase
CL significantly and were, therefore, excluded from the
final model.  
Thus, the final popPK model included, on top of BSA,

the presence of an infection and treatment phase, as
covariates significantly associated with the CL of
PEGasparaginase. Inclusion of these parameters reduced
the IIV of CL from 24.1% to 19.7% (18% reduction), and
IOV from 25.7% to 23.6% (8% reduction) (Table 2). In
this final model, CL was 0.084 L/day/m2 for 12.7 days,
increasing with 0.082 L/day/m2/day thereafter.
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Figure 1. Concomitant chemotherapy. Types of chemotherapy for each treatment phase. MR: medium risk; SR: standard risk. 

Table 1. Sample characteristics.
                                                    Index dataset          Validation dataset
                                                           n=92                           n=28

Total number of samples                          816                                     405
Number of levels per patient,   3 (2 – 12) (1 – 38)        6 (2 – 33) (1 – 39)
median (IQR) (range)                                  
Sample time (%)
     0-7 days                                                371 (45%)                        181 (45%)
     8-14 days                                             342 (42%)                        187 (46%)
     > 14 days                                             103 (13%)                          37 (9%)
Number of levels per treatment phase
     1A                                                          144 (18%)                         68 (17%)
     1B                                                          142 (17%)                         39 (10%)
     M                                                             69 (8%)                            19 (5%)
     MR intensification                            168 (21%)                         94 (23%)
     MR maintenance                               250 (30%)                        177 (43%)
     SR protocol IV                                      38 (5%)                             8 (2%) 
     HR blocks                                               5 (1%)                                   -
IQR: interquartile range; SR: standard risk; MR: medium risk; HR: high risk. 



Goodness of fit and model validation
The parameter estimates of the final model were pre-

cise with regards to the relative standard errors, and the
shrinkage values were acceptable (Table 2). The good-
ness of fit plots showed an even distribution of the pop-
ulation predictions and individual predictions around the
line of unity (Online Supplementary Figure S1). The condi-
tional weighted residuals, plotted against the time after
dose, were also evenly distributed with a mean of zero,
and no trend was found. The bootstrap analysis showed
that the bootstrap estimates were consistent with the
parameter estimates of the final model and the 95%
Confidence Intervals (CI) were accurate (Table 2). The
visual predictive check of the index dataset is shown in
Figure 3. Both the median estimates and the 95% CI are
within the simulated predicted values. Thus, the final
model is accurate in predicting the PEGasparaginase
popPK. 
As an external validation, the final model derived from

the index dataset was used to predict the asparaginase
activity levels of the independent validation dataset. The

goodness of fit plots and VPC of the validation dataset
also show that the final model is adequate to describe
the PEGasparaginase PK (Online Supplementary Figures S1
and S3).

Clinical implications
Table 4 shows several dosing regimens for

PEGasparaginase (loading dose and maintenance dose)
during induction and MRG intensification. Targeting a
trough PEGasparaginase activity level of 100 IU/L, the
loading dose recommended during induction is 800 IU/m2

followed by a biweekly maintenance dose of 600 IU/m2.
Lower doses should be administered due to decreased CL
for PEGasparaginase treatment during intensification,
with doses being 600 IU/m2 and 400 IU/m2, respectively,
to target 100 IU/L. 
Based on the half-life during the first 13 days, the

steady state is estimated to be reached after two doses,
after which the dose can be adjusted based on trough or
week asparaginase activity levels targeting trough levels
between 100-250 IU/L or 250-400 IU/L (Table 5). If an
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Table 2. Pharmacokinetic models.
Parameter                                                      Structural model                   Final model                               Bootstrap of the final model
                                                                          Mean (RSE)                        Mean (RSE)                                                                           
                                                                                                                                                                 Estimate                              95% CI

OFV                                                                                       -1140.4                                      -1203.77                                                                                               
CL (L/day/m2)                                                                0.075 (5.2%)                            0.084 (4.4%)                                   0.084                                   0.078 – 0.090
Vd (L/m2)                                                                         0.92 (4.7%)                              0.94 (4.5%)                                     0.94                                      0.87 – 1.01
Slope CLind (L/day/m

2/day)                                         0.079 (31.5%)                          0.082 (20.5%)                                  0.080                                   0.052 – 0.115
Split point (days)                                                          12.9 (1.1%)                              12.7 (0.2%)                                     12.7                                      11.8 – 13.1
Fractional increase IIV-Vd                                          1.11 (13.4%)                            1.26 (10.2%)                                    1.28                                      0.98 – 1.51
Covariates
    Treatment phase 1A                                                            -                                               ref                                              ref                                               -
     1B                                                                                          -                                            1 (fix)                                            -                                                 -
     M                                                                                            -                                        0.87 (5.2%)                                     0.87                                      0.80 – 0.95
     MRG intens.                                                                        -                                        0.89 (5.2%)                                     0.88                                      0.82 – 0.98
     MRG maint.                                                                         -                                        0.81 (3.9%)                                     0.81                                      0.75 – 0.86
     SRG protocol IV                                                                 -                                        0.81 (6.5%)                                     0.81                                      0.73 – 0.90
    Infection                                                                                -                                       1.38 (10.5%)                                    1.38                                      1.15 – 1.67
IIV
    CL (%)                                                                         24.1 (12.8%)                            19.7 (13.2%)                                    19.5                                      14.6 – 24.0
    Vd                                                                                           NA                                              NA                                              NA                                              NA
IOV
CL (%)                                                                          25.7 (10.1%)                            23.6 (10.3%)                                    23.1                                      18.5 – 27.5
Residual variability
    Additional (IU/L)                                                       19.1 (26.2%)                            20.2 (18.2%)                                    20.2                                       12.7 – 298
    Proportional (%)                                                        17.3 (9.2%)                              17.0 (9.2%)                                     16.8                                      14.2 – 19.5
Shrinkage
    IIV CL                                                                                  22.0%                                         24.0%                                             -                                                 -
    IOV                                                                                       5.0%                                          15.0%                                             -                                                 -
Final model: 
    TAD <12.7 days: 
    CL = 0.084 * BSA * 1.38INFECTION * 0.87M * 0.89MRG INTENS. * 0.81MRG MAINT. * 0.81SRG PROTOCOL IV * emηCL-IIV +ηCL-IOV

    TAD >12.7 days:
    CL = 0.084 * BSA * (1+0.082 * (TAD – 12.7)) * 1.38INFECTION * 0.87M * 0.89MRG INTENS. * 0.81MRG MAINT. * 0.81SRG PROTOCOL IV * e IIV + IOV
    Vd = 0.94 * e1.26 * CL-IIV)
Values for INFECTION, M, MG INTENS., MRG MAINT. and SRG PROTOCOL IV: 0 (no) or 1 (yes). RSE: relative standard error; CI: Confidence Interval; OFV: objective function value;
CL: clearance, Vd: volume of distribution, Cind: induced clearance; MRG intens.: medium risk group intensification; MRG maint.: medium risk group maintenance; IIV: inter-indi-
vidual variability; IOV: interoccasion variability; NA: not applicable; TAD: time after dose.



infection occurs, it is advised to increase the dose with
38%, if clinically possible. 

Discussion

In this study, the popPK of PEGasparaginase were inves-
tigated in order to identify patient and clinical characteris-
tics associated with the CL of PEGasparaginase.
Furthermore, the popPK model was used to develop a dos-
ing guideline for the drug. It was shown that the CL is
constant during the first 13 days after administration and
increases thereafter. In addition, the CL was higher during
induction, and during an infection. 
During development of the structural model, neither

first- and zero-order, nor Michaelis Menten elimination
described the concentration-time profile of
PEGasparaginase adequately.  This has also been reported
by Hempel et al.17 and Würthwein et al.20 In the present
study, similar to Würthwein et al., the time dependency of
CL proved to be described most adequately with a split
model, showing that CL increases substantially after a
period of approximately 13 days. This induced CL could
be explained by the hydrolysis of the PEG moiety from
the PEGasparaginase molecule, resulting in native E. coli
asparaginase with a linker attached, originally connecting
PEG to asparaginase. Thus, CL will increase to a value

more or less comparable with that of native E. coli asparag-
inase, which has a half-life of 1.3 days,16 after several days. 
Several associations between covariates and the

PEGasparaginase CL were identified. The metabolism of
PEGasparaginase appears to depend on the treatment
phase and is influenced by the presence of an infection.
Native E. coli asparaginase is eliminated mainly by
macrophages of the mononuclear phagocyte system
(MPS) in the bone marrow, spleen and liver.21 Although the
mechanism of elimination of PEGasparaginase has not
been studied, it is likely that this also holds for the
PEGylated formulation as other PEGylated drugs are also
eliminated by cells of the MPS.22 
CL was the highest during protocol 1A containing vin-

cristine, prednisone and daunorubicin. MR intensification,
maintenance and SR protocol IV had lower CL and all con-
tained vincristine as well, so an effect of vincristine is
unlikely. Especially as the CL during MR maintenance
was lower than MR intensification, either doxorubicin
and/or methotrexate probably influence the
PEGasparaginase CL. The fact that the CL was the highest
in induction might be caused by the other anthracycline,
daunorubicin, which was administered weekly, whereas
doxorubicin, was administered once every 3 weeks during
intensification. 
Besides the administration of specific chemotherapeu-

tics, other mechanisms may explain the differences in CL
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Table 3. Univariate covariate analysis.
Covariate                                                             Effect: Θ (95% CI)                                    �DOFV                      Included after backward elimination?

Anti-native E. coli asparaginase                                   0.05 (-0.01 – 0.11)                                                -12.9                                                              No
antibodies (extinction values)                                                   
Anti-PEGasparaginase                                                    0.04 (-0.01 – 0.10)                                                 -7.3                                                               No
antibodies (extinction values)
Creatinine                                                                        -0.21 (-0.36 – -0.07)                                              -17.0                                                              No
Leukocytes                                                                        -0.09 (-0.13 – 0.05)                                               -22.9                                                              No
ICU admission                                                                   1.61 (1.55 – 1.67)                                                -31.0                                                              No
Infection                                                                             1.45 (1.11 – 1.79)                                                -52.5                                                             Yes
Treatment phase
   1A                                                                                                    ref                                                             -42.3                                                             Yes
   1B                                                                                                 1 (fix)
   M                                                                                        0.86 (0.78 – 0.94)
   MRG intens.                                                                     0.86 (0.77 – 0.95)
   MRG maint.                                                                      0.78 (0.71 – 0.85)
   SRG protocol IV                                                              0.78 (0.67 – 0.88)                                                                                                                         
Other chemotherapy
   Prednisone                                                                     1.11 (0.97 – 1.25)                                                 -5.4                                                               No
   Vincristine                                                                       0.89 (0.82 – 0.96)                                                -12.2                                                              No
   Daunorubicine                                                                1.11 (0.97 – 1.25)                                                 -5.4                                                               No
   6-Mercaptopurine                                                          0.91 (0.84 – 0.99)                                                 -6.8                                                               No
   Cyclophosphamide                                                        1.13 (0.98 – 1.22)                                                 -5.3                                                               No
   Cytarabine                                                                        1.13 (0.93 – 1.33)                                                 -5.3                                                               No
   Methotrexate                                                                  0.85 (0.80 – 0.91)                                                -26.2                                                              No
   Dexamethasone                                                             0.85 (0.78 – 0.91)                                                -27.7                                                              No
   Doxorubicin                                                                     1.01 (0.90 – 1.12)                                                -0.06                                                             No
*In order to evaluate any chemotherapy-related effects on clearance on top of the treatment phase, all chemotherapy agents were first included in the multivariate analysis. Only
inclusion of doxorubicin and methotrexate resulted in a significant improvement of the model (OFV -6.0, mean effect (RSE): 1.24 (6%) and OFV -10.3, mean effect (RSE): 0.88
(5%), respectively). CI: Confidence Interval; OFV: objective function value; ICU: intensive care unit,  MRG intens.: medium risk intensification; MRG maint.: medium risk mainte-
nance phase. Covariates significantly influenced the clearance in the univariate analysis when the OFV decreased with >3.84 (P<0.05).



between the treatment phases. It has to be taken into
account that the physical condition of the patient alters
during ALL treatment: during protocol 1A (and also 1B),
the tumor load is higher and therapy is more intense com-
pared to protocol M, MR intensification and maintenance,
and SR protocol IV, which all had a lower CL. The MPS
plays a role in tumor lysis,23,24 which may explain why the
CL is higher during this treatment phase as well, although
the asparaginase treatment starts at day 12 of the treat-
ment protocol. 
Strikingly, the occurrence of an infection increases the

CL by 38%, independent of the treatment phase and BSA,

probably because of the activation of the MPS, which is
responsible for the CL of asparaginase. This means that
the PEGasparaginase activity levels will be 38% lower
during an infection and that the PEGasparaginase dose
should be increased by this percentage to obtain similar
levels. Evidently, this should first be validated in clinical
practice, taking into account the clinical situation of the
patient.   
BSA was included in the structural model, showing that

the CL of PEGasparaginase increases with BSA, which is
in line with the findings of Hempel et al.17 Sassen et al.,
however, studied the CL of Erwinia asparaginase and
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Figure 2. PEGasparaginase activity levels.
PEGasparaginase activity levels vs. time
after administration for the index database
(●, n=92) and the validation database 
(●, n=28). Note that the asparaginase
activity levels nonlinearly decline after
12.7 days. Of note, dose adjustments
could (partially) explain the variation in
asparaginase activity levels shown in this
figure.

Table 4. Dosing guideline, starting dose.
                                            Target trough asparaginase level                                  Loading dose                                              Maintenance dose

Protocol 1A (induction)                                 100 IU/L                                                                     800 IU/m2                                                                    600 IU/m2

                                                                             250 IU/L                                                                    1,800 IU/m2                                                                 1,400 IU/m2

                                                                             350 IU/L                                                                    2,200 IU/m2                                                                 1,600 IU/m2

Medium risk intensification                         100 IU/L                                                                     600 IU/m2                                                                    400 IU/m2

                                                                             250 IU/L                                                                    1,500 IU/m2                                                                 1,000 IU/m2

                                                                             350 IU/L                                                                    1,800 IU/m2                                                                 1,800 IU/m2

Table 5. Dosing guideline, dose adjustments.
                                arget trough level: 100-250 IU/L                                                         Target trough level: 250-400 IU/L
Week level                            Trough level            Dose adjustment                      Week level                     Trough level        Dose adjustment

50-100 IU/L                                    25-50 IU/L                            400%                                     100-200 IU/L                          50-100 IU/L                       400%
100-250 IU/L                                  50-75 IU/L                            300%                                     200-300 IU/L                         100-150 IU/L                     300%
150-200 IU/L                                 75-100 IU/L                           200%                                     300-250 IU/L                         150-200 IU/L                     200%
200-450 IU/L                                100-250 IU/L                          100%                                     350-450 IU/L                         200-250 IU/L                     175%
450-550 IU/L                                250-300 IU/L                           60%                                      450-700 IU/L                         250-400 IU/L                     100%
550-750 IU/L                                300-400 IU/L                           50%                                      700-900 IU/L                         400-500 IU/L                       70%
750-1,100 IU/L                             400-600 IU/L                           40%                                    900-1,100 IU/L                        500-600 IU/L                       60%
1100-1,500 IU/L                          600-800 IU/L                           25%                                   1100-1,250 IU/L                      600-700 IU/L                       50%
1500-1,800 IU/L                         800-1,000 IU/L                          20%                                   1250-1,800 IU/L                     700-1,000 IU/L                     35%
The dose adjustments apply for biweekly administration of PEGasparaginase during steady state. The doses may be adjusted based 1 week (7 days) or trough (14 days) after
administration targeting at trough asparaginase activity levels of 100-250 IU/L or 250-400 IU/L.



found the opposite: patients with a lower weight have a
higher CL, requiring a higher starting dose of the drug.25
Shrey et al. studied the native E. coli asparaginase levels in
different age groups and also showed lower asparaginase
activity levels in younger patients, suggesting a higher CL
in these patients.26 Thus, for a PEGylated form of asparag-
inase, this does not seem to apply, which is also supported
by a study of PEGylated interferon α-2b in children,
which also shows that the CL increases with age.27

In our analysis, PEGasparaginase CL was not statistical-
ly correlated with asparaginase-related toxicity. The corre-
lation between toxicity and asparaginase activity levels
was also studied in 382 pediatric patients treated accord-
ing to the DCOG ALL-11 protocol. In these patients,
PEGasparaginase treatment, as in the current cohort, was
individualized based on asparaginase activity levels,
resulting in much lower trough levels compared to
patients who were treated according to the DCOG ALL-

R.Q.H. Kloos et al.
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Figure 3. Visual predictive check. (A) and (B) show the visual predictive checks of the index and validation dataset, respectively. The observations and their corre-
sponding median and 95% Confidence Intervals (CI) are indicated by the points, and the solid and dashed red lines. In both graphs, these lines fall within the 95%
CI of the median and 95% CI (red and blue shaded areas) as obtained by simulation. 

A

B



10 protocol, which had a fixed PEGasparaginase dose of
2,500 IU/m2. The asparaginase-related toxicity in both
protocols, however, was similar and there was no correla-
tion between asparaginase activity levels.28 
Based on the popPK model, dosing guidelines were

developed taking into account the effect of the treatment
phase on PEGasparaginase CL. Next, dose adjustments
based on both week and trough levels were suggested tar-
geting 100-250 IU/L or the higher range of 250-400 IU/L.
These dosing guidelines, however, should first be validat-
ed clinically. In addition, the effect of increasing the dose
in case of an infection on PEGasparaginase activity levels
should be analyzed.
In conclusion, 18% of the inter- and 8% of the intra-

patient variability in CL of PEGasparaginase, normalized
for BSA, can be explained by i) treatment phase showing
a higher CL during induction treatment (protocol 1A) and
ii) the occurrence of an infection, which increases the CL.
With the popPK model developed in this study,

PEGasparaginase treatment may be individualized further,
taking into account these covariates and the dosing guide-
lines provided. 
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