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Summary

Glucocorticoids form the backbone of paediatric acute lymphoblastic leu-

kaemia (ALL) treatment. Many studies have been performed on steroid

resistance; however, few studies have addressed the relationship between

dose, concentration and clinical response. The aim of the present study was

to evaluate the pharmacokinetics of prednisolone in the treatment of paedi-

atric ALL and the correlation with clinical parameters. A total of 1028

bound and unbound prednisolone plasma concentrations were available

from 124 children (aged 0–18 years) with newly diagnosed ALL enrolled in

the Dutch Childhood Oncology Group studies. A population pharmacoki-

netic model was developed and post hoc area under the curve (AUC) was

tested against treatment outcome parameters. The pharmacokinetics of

unbound prednisolone in plasma was best described with allometric scaling

and saturable binding to proteins. Plasma protein binding decreased with

age. The AUC of unbound prednisolone was not associated with any of the

disease parameters or treatment outcomes. Unbound prednisolone plasma

concentrations correlated with age. No effect of exposure on clinical treat-

ment outcome parameters was observed and does not substantiate individ-

ualised dosing. Poor responders, high-risk and relapsed patients showed a

trend towards lower exposure compared to good responders. However, the

group of poor responders was small and requires further research.

Keywords: acute lymphoblastic leukaemia, dexamethasone, NONMEM,

paediatrics, pharmacokinetics/pharmacodynamics, prednisolone.
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Introduction

The overall long-term survival of children with acute lym-

phoblastic leukaemia (ALL) has vastly improved over recent

decades.1–3 Glucocorticosteroids, like prednisolone and dex-

amethasone, cause apoptosis in malignant lymphoid cells and

have significant anti-leukaemic activity, and form the back-

bone of paediatric ALL treatment.4 The Berlin–Frankfurt–
M€unster-based protocols have shown that the day 8 pred-

nisone response is an important prognostic indicator and

can be used in risk group stratification.5,6

Many studies have been performed on the pharmacody-

namic aspects of steroid resistance and sensitivity, both

in vitro and in vivo.7–10 Differences in prednisolone sensitivity

have been found between phenotypes and genetic sub-

types.6,11,12 Patients become more resistant to prednisolone

with age (possibly due to higher frequency of T-ALL in older

children) and throughout treatment.12 A poor response to

prednisolone is unfavourable and leads to a worse outcome,

although this is treatment dependent as is the case for all

prognostic factors.5,6 Pharmacokinetic (PK) studies of gluco-

corticoids in paediatric ALL treatment are scarce.13–15

Dexamethasone is often used in paediatric ALL due to its

higher potency and prolonged biological half-life compared to

prednisolone. A wide range of equivalent concentrations can be

found in literature ranging from fivefold to 16-fold.16,17 How-

ever, a higher incidence of induction-related treatment deaths

has been reported in the 10 mg/m2 dexamethasone versus

60 mg/m2 prednisolone.18 Prior studies have shown that dex-

amethasone PKs in paediatric patients with ALL are highly vari-

able with younger patients exhibiting higher clearances

compared to older patients. Additionally, a possible effect of

asparaginase on dexamethasone PKs was observed.15,19 It is not

known whether this also applies to prednisolone, as studies on

the in vivo PK exposure to prednisolone in ALL are limited.13,20

Prednisolone is highly bound to plasma proteins and

shows both linear binding to albumin and non-linear bind-

ing to corticosteroid-binding globulin (CBG).13,21–23 The

binding to plasma proteins, and therefore the exposure to

the active unbound prednisolone, might be affected by the

disease and concomitant chemotherapy. However, no studies

have been performed linking unbound prednisolone plasma

concentrations to the clinical response in ALL. If a correla-

tion is found between unbound prednisolone and clinical

outcome parameters, patients might benefit from individu-

alised dosing.

The aim of the present study was to assess the PKs of

unbound prednisolone and its relation to early treatment

response in paediatric patients with ALL. The relationship

between prednisolone exposure and effect was evaluated

using the day 8 prednisone response, the minimal residual

disease (MRD) levels and relapse risk in the total population,

as well as in well-defined genetic subgroups of sufficient

size.5,6,24,25

Patients and methods

Patients and treatment

The study was designed as a prospective multicentre Dutch

Childhood Oncology Group (DCOG) study, performed in

seven paediatric oncology centres within the Netherlands.

Patients with ALL aged 0–18 years and treated according to

the DCOG ALL-11 (April 2012–July 2020) protocol or

Interfant-06 (February 2006–August 2016) protocol were eligi-
ble for enrolment. Both protocols were Institutional Review

Board approved [European Union Drug Regulating Authori-

ties Clinical Trials Database (EudraCT): 2012-00006725 (ALL-

11); Dutch Trial Registry nr. 3379]. Patients with Down syn-

drome were excluded from this PK study due to potential

altered PKs.26,27 Patients received 60 mg/m2/day prednisolone

either intravenously (i.v.) or orally [per os (p.o.)] divided into

three single doses per day. During the first week of treatment,

patients received prednisolone and one intrathecal methotrex-

ate (MTX) injection at the start of treatment, and patients

often switched from i.v. to p.o. prednisolone during the first

week. Induction treatment subsequently consisted of p.o. pred-

nisolone with weekly vincristine and daunorubicin, PEG-

asparaginase at days 12 and 26, and intrathecal injections (sin-

gle MTX for prophylaxis, or triple MTX, cytarabine and pred-

nisolone in case of central nervous system involvement), for a

total duration of 4 weeks.

Patients were stratified to patients with a prednisone good

response (defined as <1000 leukaemic blasts/µl blood on day

8 after 7 days of consecutive prednisolone treatment) and

patients with ≥1000 leukaemic blasts/µl who were considered

to have a poor response. Risk group classification was done

according to the DCOG ALL-11 protocol criteria (Supple-

ment S2).

Sample collection and analysis

Blood samples were collected in the first week of treatment

(prior to concomitant chemotherapy), and during week 2–4 of
treatment (with concomitant chemotherapy). All samples were

collected prior to administration (trough) of prednisolone

around the maximum concentration/time of maximum con-

centration (Cmax/Tmax) at 1, 2 and 4 h after administration

during steady state (>24 h after the start of prednisolone treat-

ment).28–30 Blood samples were collected in K2 EDTA tubes

and centrifuged at room temperature within 2 h after with-

drawal. Supernatant (serum) was collected and stored at

�80°C prior to analysis. Samples were analysed with liquid

chromatography tandem mass spectrometry [LC-MS/MS; LC:

Shimadzu LC-30 Nexera (Nishinokyo-Kuwabaracho, Japan)

and MS: AB Sciex 5500 QTrap� (Framingham, MA, USA)] at

the Department of Hospital Pharmacy in the Academic

University Medical Centre in Amsterdam, the Netherlands.

Details are specified in the Supplement S5.
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Pharmacokinetic analysis

The concentration time profiles of prednisone and pred-

nisolone were analysed using non-linear effects modelling

approach in NONMEM� first-order conditional estimates

(FOCE) with interaction (version 7.3, ICON, Development

Solutions, Hanover, MD, USA). Pirana software version

2.9.5b (Certara, Princeton, NJ, USA) was used as a mod-

elling environment, and data were further handled in R ver-

sion 3.6.1 (R Foundation for Statistical Computing, Vienna,

Austria). One- and multi-compartment linear models with

first-order absorption for p.o. administration were fitted to

the unbound prednisolone concentrations. Allometric scal-

ing was implemented a priori to normalise the PK parame-

ters over a wide range of body weights, using fixed

exponent values of 0.75 for flow-dependent process parame-

ters and 1 for volume-related parameters.31–33 Parameters

were normalised to a weight of 70 kg. The fit of the model

was evaluated both numerically by the precision of the esti-

mated PK parameters and the change in the objective func-

tion values (OFV) and visually by goodness-of-fit (GoF)

plots, and visual predictive checks (VPC). A 3.84-point

decrease in OFV for one degree of freedom was considered

a significant improvement with a P < 0.05. Proportional

and constant error models were tested to describe the resid-

ual error in plasma concentrations.

Prednisolone exhibits a non-linear (saturable) binding to

CBG and a linear binding to albumin.13,22 Prednisolone

plasma protein binding was modelled using the formula

reported by Ionita et al.22 (Supplement S1). For missing

albumin concentrations, the population median value was

used. A schematic overview of the final model is shown in

Fig 1.

After finalisation of the structural model, a covariate anal-

ysis was performed. Covariates included gender, age, body

surface area (BSA), treatment period, albumin, alanine

aminotransferase (ALAT), aspartate aminotransferase

(ASAT), bilirubin and urea, treatment block, pharmaceutical

formulation (tablet, suspension, i.v.), administration routes

(p.o., i.v., tube), creatinine and glomerular filtration rate.

Continuous covariates were centred on the median. Missing

covariates were replaced by the covariate median. The evalu-

ation of covariates was performed using stepwise regression

with iterative forward selection.34 A decrease of ≥3.84 points

in OFV for one degree of freedom was used for forward

selection (P < 0.05). The robustness of the parameter esti-

mates was evaluated using a non-parametric bootstrap proce-

dure (n = 1000). A VPC was performed for internal

validation of the model.

Pharmacodynamic analysis

Individual area-under-the-curve (AUC) values were calcu-

lated on basis of post hoc values for clearance. Correlation

was evaluated of exposure and white blood cell (WBC)

count, blast count at diagnosis (blood and bone marrow),

the prednisone response at day 8, the day 15 bone marrow

response and MRD levels on day 15, 33 and 79. For the anal-

ysis of prednisone response patients with <1000 blasts/µl at
initial diagnosis were excluded from the analysis as their

response could not be adequately assessed. Group differences

in exposure were evaluated for leukaemia immunophenotype

(T-cell or B-cell precursor), and available cytogenetic data

[ETS variant transcription factor 6 (ETV6)-Runt-related tran-

scription factor 1 (RUNX1), transcription factor 3 (TCF3)-

pre-B-cell leukaemia homeobox 1 (PBX1), breakpoint cluster

region-Abelson (BCR-ABL), hyperdiploidy, histone-lysine N-

methyltransferase 2A (KMT2A)-AF4/FMR2 family member 1

(AFF1) and Ikaros family zinc finger protein 1 (IKZF1)-del].

Additionally, the AUC of unbound prednisolone was com-

pared between patients who relapsed versus patient who did

not.

Statistical analysis

Differences between groups were evaluated using Mann–
Whiney U-test, analysis of variance (ANOVA), Kruskal–
Wallis and Fisher’s exact test. Relations between variables

were evaluated using regression analysis and Spearman’s

rank correlation. Kaplan–Meier analysis was used to esti-

mate relapse rate stratified by the exposure. A two-sided

P < 0.05 was considered as statistically significant. Statistical

analysis was performed using R (R Foundation for Statisti-

cal Computing).

Results

Patients and samples

Blood samples of 132 patients were available. Eight patients

were excluded due to incomplete data and 124 patients were

used for the PK analysis. A total of 25 prednisolone samples

were excluded due to missing information (e.g. time of

administration, sampling or dose time), sampling artefacts or

concentrations below the lower limit of quantification. A

total of 1028 unbound and total prednisolone concentrations

were available. The median (range) age of the patients was

6�2 (0�4–17�7) years and the median (range) BSA was

0�86 (0�36–2�2) m2. The population consisted of 37% girls

and 63% boys. Eight patients were classified as prednisone

poor responders (PPRs) and 110 as prednisone good respon-

ders (PGRs), and six unknowns. A total of 32 of the PGRs

had starting leukaemic blasts of <1000/µl and were excluded

for the prednisone response analysis. The subset of patients

in this study did not differ significantly from the total

patients treated according to ALL-11 in the Netherlands with

respect to demographics, immunophenotype, risk group

stratification, WBC count and prednisone response

(P > 0�05). An overview of patients and sample characteris-

tics can be found in Table I.

PopPK of prednisolone in paediatric ALL patients
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Pharmacokinetic analysis

A one-compartment model with first-order absorption best

described the unbound prednisolone plasma concentration.

Allometric scaling of the PK parameters improved the model

significantly (P < 0�001); the inter-individual variability (IIV)

in clearance (CL) and apparent volume of distribution (V)

decreased from 54% to 31% and 73% to 33% respectively.

Prednisolone is reversibly metabolised into inactive pred-

nisone, which was added to the model. The median (range)

percentage of bound prednisolone was 86 (71–99)%. Imple-

menting the ratio of total prednisolone/prednisone concen-

trations over time significantly improved the model

(P < 0�001). The affinity of the plasma protein CBG for

prednisolone (Kcbg) could not be estimated and was fixed to

30 µmol/l, as found in the literature; nor were the CBG

levels measured, which were estimated by the PK model.22

The final structural model was an allometrically scaled one-

compartment model with first-order absorption, including

plasma protein binding of prednisolone and the ratio of

prednisolone/prednisone (Fig 1). Inter-individual variability

was described for clearance and distribution, and the residual

variability was best described using a proportional error.

The structural model was used for the covariate analysis.

In a univariate analysis an association between ALAT, ASAT,

bilirubin and treatment phase and both clearance and distri-

bution was observed (P < 0�01), whereas albumin (P < 0�05)
solely correlated with clearance. The plasma protein binding

of prednisolone to CBG was associated with patient age (Fig 2),

ASAT and treatment phase (P < 0�01). After iterative forward

inclusion, both ASAT and treatment phase on distribution, and

age on CBG concentration remained. ASAT had a positive cor-

relation with distribution; high ASAT was associated with

higher distribution (P < 0�001). The estimated CBG

concentration decreased with age (P < 0�001). Distribution was

slightly lower in the treatment phase after week 1 with con-

comitant chemotherapy (P < 0�001). The fraction of unbound

prednisolone versus age over the concentration range is shown

in Fig 3. No correlation between clearance of unbound pred-

nisolone (corrected for BSA) and age was observed. An over-

view of the final parameter estimates can be found in Table II.

In the non-parametric bootstrap procedure 480 of the 500

runs were successful and model estimates were in accordance

with the results from the bootstrap replicates, indicating the

robustness of the model (Table II). The VPCs for both free

and total prednisolone and the GoF plots demonstrate the

adequacy of the developed model (Supplement S3). Peak

concentrations were slightly under predicted especially for

the unbound prednisolone concentrations, probably due to

limited samples in the absorption phase. Patients with high

peak concentrations were significantly younger.

Pharmacodynamic analysis

Individual post hoc estimates of the final model were used to

evaluate differences in exposure between and within subgroups

of the population. Patients who were PPRs (n = 8) seemed to

have a slightly lower unbound AUC than patients who were

PGRs (n = 78); however, the difference was not statistically

significant (P = 0�2), with median AUC values 520 [interquar-

tile range (IQR) 451–577] and 553 (IQR 487–650) ng 9 h/ml

respectively. No differences in AUC were observed between the

highest and lowest quartiles of WBC count, blasts at diagnosis

(both day 8 blood or 15 bone marrow), and MRD at day 15,

33 and 79, nor in the more resistant subgroups (T-cell pheno-

type and combined B-cell genetic subtypes IKZF-del, KMT2A-

AFF1 and BCR-ABL1), where we assumed the effect of expo-

sure might be greater due to cellular resistance. Additionally,

Fig 1. Final model layout. A representation of the final pharmacokinetic model. PLN, prednisolone; PRD, prednisone; CBG, corticosteroid-

binding globulin; Calb, albumin concentration; Kalb, albumin affinity constant; Cpred,fu, unbound prednisolone concentration; Kcbg, CBG affinity

constant; Ccbg, CBG concentrations.
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the AUC was compared between the different ALL-11 risk

groups, standard risk (SR, n = 30), medium risk (MR, n = 79)

or high risk (HR, n = 10). Although the AUC seemed to

decrease with risk, no significant differences were found; med-

ian (IQR) 593 (482–651), 531 (475–651) and 477 (379–652)
ng 9 h/ml respectively (Fig 4). There was no difference

between B-cell precursor (n = 108) and T-cell (n = 16)

immunophenotype in the dose-normalised AUC or between

the various B-cell precursor genetic subtypes (Fig 5). However,

the majority of the patients were ETV6-RUNX1, hyperdiploid

and B-other, the number of patients in other subtypes was too

limited for subgroup analysis.

The Kaplan–Meier shows the probability of relapse-free

survival stratified by low (Q1), mid (Q2–Q3) and upper

quartile (Q4) AUC of unbound prednisolone. Nine patients

relapsed, of which four had an AUC in the lowest quartile,

five in the middle and none in the highest quartile (Fig 6).

However, the subgroups were very small and therefore only

large group effects could be observed. To determine whether

the difference in exposure and prednisone response, HR ver-

sus MR and SR, and relapse-free survival would require over

979, 495 and 364 patients respectively. However, this does

not take into account whether this is a clinically relevant dif-

ference. The latter is probably not the case due to the large

observed variability in exposure in all groups and adjusting

the exposure would most likely not result in an improved

clinical outcome.

Discussion

Glucocorticoids have an important place in the treatment of

paediatric ALL. Patients who are more resistant to pred-

nisolone experience worse outcome.5,6 The occurrence of

resistance to prednisolone in paediatric ALL has been exten-

sively studied. However, the possible association between

in vivo prednisolone exposure and outcome has not been

studied to date. Kawedia et al.14 reported a higher clearance

of dexamethasone in younger children, which could result in

lower exposure when compared to older children. This might

also be the case for prednisolone and might advocate dose

modifications in younger patients. However, in the present

study no correlation was found between exposure and age. A

complicating factor in the treatment with prednisolone may

be the concentration-dependent plasma protein binding

(from 95% at low concentrations to 60% at high concentra-

tions).13,21,22 Hence, in the present study, unbound, pharma-

cologically active, prednisolone was measured in plasma and

related to different disease parameters.

The PKs of unbound prednisolone was best described by a

one-compartment model with first-order absorption and

allometric scaling. This model included the protein binding

of prednisolone to the plasma proteins CBG and albumin,

and the prednisolone/prednisone ratio. The volume of distri-

bution was smaller in treatment phases with concomitant

chemotherapy (>week 1). This might be due to patients

receiving hyperhydration in the first week of treatment to

prevent tumour lysis syndrome and no asparaginase. In addi-

tion, a positive correlation between ASAT and volume of dis-

tribution was observed. ASAT was significantly higher in the

first week compared to subsequent weeks with chemotherapy

(median 32 versus 23�5 u/l; P = 0�02). The addition of ASAT

resulted in a significant improvement of the PK model on

top of the treatment phase (P < 0�01). ASAT might be used

as a marker for liver function; however, it would be expected

that high ASAT correlates with a smaller volume of distribu-

tion, due to less plasma protein binding. Therefore, it is

more likely that the association between volume of distribu-

tion and ASAT reflects the collinearity between the latter and

the treatment phase, e.g. due to cell decay.

The estimated CBG concentration showed a positive corre-

lation with patient age, with lower CBG concentrations and

lower protein binding in older patients. The affinity was set to

Table I. Patients’ characteristics at diagnosis.

Characteristic Total

Patients, n 124

Female:male, % 37:63

Median (range)

Age, years 6�0 (0�4–17�7)
Weight, kg 22 (7–86)

Height, cm 122 (68–188)

BSA, m2 0�86 (0�36–2�2)
Creatinine, lmol/l 29 (11–92)

ALAT, u/l 45 (5–99)

ASAT, u/l 29 (8–100)

Bilirubin, lmol/l 10 (1–77)

Urea, mmol/l 5�1 (1�6–51)
Albumin, g/l 38 (10–100)

Samples unbound + total, n 1 028

Samples per patient, n, median (range) 4 (1–10)

Dose prednisolone, mg, median (range) 16�5 (3–45)

B cell, n 108

Other, n 38

ETV6-RUNX1, n 24

IKZF-del, n 9

KMT2A-AFF1, n 3

TCF3-PBX1, n 2

Hyperdiploid, n 30

BCR-ABL1, n 2

T cell, n 16

PPRs:PGRs, n 8:110

SR:MR:HR, n 30:79:10

Median (range)

WBC diagnosis, 9 109/l 12�1 (0�5–366)
WBC day 8, 9 109/l 1�9 (0�2–73)
MRD day 15, 9 10�3 5 (0–2)

MRD day 33, 9 10�4 1�5 (0–0�7)

HR, ALL-11 high risk; MR, ALL-11 medium risk; MRD, minimal

residual disease; PGRs, prednisone good responders; PPRs, pred-

nisone poor responders; SR, ALL-11 standard risk; WBC, white

blood cell count.
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a fixed value (30 µmol/l as seen in Ionita et al.).22 However, a

wide array of affinity constants can be found in the litera-

ture.13,21–23 Due to the fixed affinity of prednisolone and CBG,

its role between and within patients could not be evaluated.

Prednisone and cortisol bind to CBG as well, although this

does not have a large effect on prednisolone.21,23

In the present study, the clearance of unbound pred-

nisolone per m2 did not correlate with age, which is different

from results found with dexamethasone clearance, where

younger age was associated with higher clearance.19

Prednisolone has some distinct PK differences compared to

dexamethasone. Prednisolone exhibits non-linear binding to

plasma proteins whereas dexamethasone does not. The frac-

tion of unbound prednisolone increases when the concentra-

tion of total prednisolone increases. Although small differences

were observed in protein binding with age and peak concen-

trations, our present data demonstrated that the AUC of the

unbound prednisolone was similar throughout the ages.

The relationship between prednisolone exposure and clini-

cal outcome parameters were studied. No differences in

Fig 2. Fraction prednisolone unbound versus total concentration by age. The fraction of total prednisolone bound to plasma proteins versus the

total prednisolone concentration. The colours indicate age, from young to old patients, dark blue to light blue respectively. Younger patients seem

to have a higher fraction of prednisolone bound to proteins compared the older patients.

Fig 3. Age versus area under the curve (AUC). Dose-corrected unbound AUC[0–12]versus the age of the patients. No correlation was found

between the AUC and patients’ age. It shows a large variability in the AUC (P = 0�13). The line is the regression line.
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Table II. Pharmacokinetic parameters and bootstrap.

Parameter

NONMEM Bootstrap

Estimate RSE, % 95% CI (lower) 95% CI (upper) Shrink, % Median 95% CI (lower) 95% CI (upper)

CL/F, l/h/70 kg 100 5 91 109 – 100 91 109

V/F, l/70 kg 589 9 490 688 – 583 499 684

Ka, h 4 2 3�9 4�2 – 4�0 2�0 7�1
Ccbg, lmol/l 0�83 6 0�73 0�92 – 0�84 0�74 0�95
Kalb, lmol/l 0�002 20 0�001 0�003 – 0�002 0�001 0�003
ASAT–V 0�15 52 0�0 0�29 – 0�16 0�0 0�34
Age–CBG �0�15 40 �0�27 �0�03 – �0�15 �0�27 �0�03
Ratio–CL �0�48 21 �0�68 �0�28 – �0�49 �0�67 �0�27
Block–V 0�87 5 0�78 0�96 – 0�88 0�78 1�0
IIV CL, % 34 14 26 40 28 34 24 42

IIV V, % 53 15 38 69 21 57 39 78

IIV Ccbg, % 29 18 19 39 30 28 15 39

Res err, free 0�63 4 0�58 0�68 5�7 0�63 0�58 0�68
Res err, total 0�36 4 0�33 0�39 8�5 0�36 0�33 0�39

ASAT, aspartate aminotransferase; CBG, corticosteroid-binding globulin; Ccbg, CBG concentration; CI, confidence interval; CL, clearance; CL/F,

the apparent clearance per bioavailability; IIV, inter-individual variability; Ka, absorption rate constant; Kalb, affinity constant for prednisolone to

albumin; RSE, relative standard error; Res err, residual error of free and total prednisolone; V, volume of distribution.

V/F, apparent volume of distribution.

Age–CBG, covariate age on prednisolone binding to CBG.

ASAT–V, covariate ASAT on apparent V.

Block–V, covariate treatment block on V.

Ratio–CL, covariate total prednisolone over prednisone ratio on CL.

Fig 4. Area under the curve (AUC) of unbound prednisolone versus ALL-11 risk groups. In this figure the AUC of unbound prednisolone was

compared between patients stratified in different ALL-11 risk groups, standard risk (SR; n = 30), medium risk (MR; n = 79) and high risk (HR;

n = 10). The median [interquartile range (IQR)] AUC SR: 593 [482–651], MR: 531 (IQR 475–651) and HR: 477 (IQR 379–652) ng 9 h/ml (not

statistically different; P = 0�20).
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exposure were observed between the PPRs and PGRs. This

might suggest that the response is predominantly influenced

by the cellular sensitivity to prednisolone and not due to

lower exposure to prednisolone. This is also supported by

the fact that no difference was found between the AUC quar-

tiles of the more prednisolone resistant phenotype and B-cell

genetic subtypes and treatment response. Hence, the present

study shows no effect of prednisolone exposure on treatment

response after a high dose of 60 mg/m2/day.

The exposure for patients in the ALL-11 risk groups

seemed to slightly decrease with increasing risk. Four (44%)

of the nine patients who relapsed had AUC values in the

lowest quartile and none in the upper quartile (Q4). The

Kaplan–Meier estimates did not show a significant difference

between the AUC quartiles and cumulative incidence of

relapse (Fig 6). However, the number of patients in the high-

risk and more resistant subgroups was small and differences

between exposure and outcome within these subgroups could

not be well determined.

Conclusion

A PK model was developed to describe the time profile of

unbound prednisolone plasma concentration in paediatric

patients with ALL. A one-compartment model with allometric

scaling and a combined saturable and linear protein binding

described the data adequately. Protein binding was slightly

higher in younger patients. However, the AUC of unbound

prednisolone did not differ with age. In the present study, no

differences were observed between exposure and disease out-

comes for PGRs, including day 8 prednisone response, blast

counts and MRD. The sensitivity to prednisolone is probably

the prominent factor regarding prognosis and individualised

dosing in this group might not improve outcome. Regarding

the PPRs, relapse and high-risk patients, the numbers were

small. Future studies might look at whether a combination of

increased prednisolone dosing either in combination with sen-

sitisation to prednisolone (e.g. MEK inhibitor) is feasible and

beneficial in a hard to treat subset of patients.
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