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Abstract 

Background: Dexamethasone, a highly effective drug in treating pediatric acute lymphoblastic leukemia (ALL), can 
induce serious neurobehavioral side effects. These side effects are experienced by patients and parents as detrimental 
with respect to health related quality of life (HRQoL). Based on previous studies, it has been suggested that neurobe‑
havioral side effects are associated to cortisol depletion of the mineralocorticoid receptor in the brain. Our previously 
reported randomized controlled trial, the Dexadagen study (NTR3280), suggests that physiological hydrocortisone 
addition during dexamethasone treatment may overcome clinically relevant neurobehavioral problems in patients 
who experience these problems during dexamethasone treatment. With our current study, we aim to replicate these 
results in a targeted larger sample before further implementing this intervention into standard of care.

Methods: In a national center setting, pediatric ALL patients between 3 and 18 years are enrolled in an Identification 
study, which identifies patients with clinically relevant dexamethasone‑induced neurobehavioral side effects using 
the Strengths and Difficulties Questionnaire (SDQ). Contributing factors, such as genetic susceptibility, dexametha‑
sone pharmacokinetics as well as psychosocial and family factors are studied to determine their influence in the inter‑
patient variability for developing dexamethasone‑induced neurobehavioral side effects.

Patients with clinically relevant problems (i.e. a rise of ≥ 5 points on the SDQ Total Difficulties Score after 5 days of 
dexamethasone) are subsequently included in a randomized double‑blind placebo‑controlled trial with a cross‑over 
design. They receive two courses placebo followed by two courses hydrocortisone during dexamethasone treatment, 
or vice versa, each time at least 16 days without study medication in between. The primary endpoint is change in SDQ 
score. The secondary endpoints are sleep (measured with actigraphy and the Sleep Disturbance Scale for Children) 
and HRQoL (Pediatric Quality of Life Questionnaire).
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Background
Dexamethasone, a highly effective drug for the treatment 
of pediatric acute lymphoblastic leukemia (ALL) [1–3], 
can induce serious neurobehavioral side effects. These 
side effects are experienced as particularly detrimental 
to health-related quality of life (HRQoL) by patients and 
parents [4]. Recent studies emphasize that the miner-
alocorticoid receptor (MR) in the brain plays an impor-
tant role in the regulation of mood, behavior and sleep 
[5, 6]. Both the glucocorticoid receptor (GR) and MR are 
important for the binding of endo- and exogenous gluco-
corticoids [5]. In animals as well as humans it has been 
shown that the MR plays an important role in behavior, 
cognition and psychiatric diseases [6–11]. Besides MR 
expression in the brain, cortisol affinity and MR:GR bal-
ance are thought to be associated with behavior. It has 
been shown, that the MR has a tenfold greater affinity for 
endogenous cortisol than the GR [12]. Synthetic gluco-
corticoids mostly have the GR as their therapeutic target: 
dexamethasone has a high potency to activate GRs, but 
does not bind MRs [13]. In patients treated with gluco-
corticoids the production of endogenous cortisol is sup-
pressed. Therefore, in patients treated with high doses 
dexamethasone, the hypothesis is that the GR in the brain 
is stimulated, whereas the MR is underactivated. The dis-
turbance of this GR:MR balance conceivably deregulates 
the stress-system and enhances vulnerability to stress-
related problems [5].

Consequently, we previously hypothesized that pedi-
atric ALL patients who receive dexamethasone treat-
ment, cortisol depletion of the MR in the brain may be 
responsible for attendant neurobehavioral problems. 
We therefore performed a randomized controlled trial 
(RCT), the DexaDays-1 trial, to investigate whether 
these side effects could be ameliorated by adding a 
physiological dose of hydrocortisone which stimulates 
the MRs in the brain in a physiological way [14]. No 
beneficial effect of hydrocortisone on neurobehavio-
ral problems could be shown in the complete group of 
46 patients. However, in a small subgroup of patients 

with clinically relevant dexamethasone-induced neu-
robehavioral or sleeping problems (n = 16 and n = 9 
respectively), hydrocortisone addition had a significant 
beneficial effect [14]. Our results suggest that neurobe-
havioral and sleeping problems can be reduced in chil-
dren who are most affected. Before implementing this 
into standard clinical practice, we felt that the results 
require replication in a larger patient cohort with clini-
cally relevant dexamethasone-induced neurobehavioral 
problems. Hence, we initiated the DexaDays-2 trial in 
2018.

Several factors may be associated to neurobehavio-
ral side effects during dexamethasone treatment which 
warrant further study.

Firstly, the role of genetic variation is evaluated. Sev-
eral studies found single nucleotide polymorphisms 
(SNPs) in the MR and GR gene, which could contribute 
to inter-individual differences in increased glucocorti-
coid sensitivity and neurobehavioral and sleeping prob-
lems[7, 9, 12, 15–20]. Carrier status of specific relevant 
SNPs which have been linked before to psychopathol-
ogy or sleeping problems may be associated to dexa-
methasone-induced side effects.

Secondly, dexamethasone pharmacokinetics may play 
a role. Dexamethasone clearance is higher in younger 
children, hence taking an inter-patient variability in 
dexamethasone levels during maintenance phase into 
account is important [21].

Thirdly, psychosocial and environmental factors may 
influence the severity of neurobehavioral side effects. 
It has been previously shown that the child’s distress 
during procedures in childhood cancer treatment is 
associated with parental distress [22]. Parental stress 
is associated with behavioral problems in children[23]. 
Overall, parental stress could potentially accelerate the 
development of dexamethasone-induced behavioral 
problems [24]. Furthermore, some social (family) risk 
factors, but also psychosocial support can influence 
coping strategies of parents and may thereby influence 
their perceptions of the problems caused by dexameth-
asone [25, 26].

Discussion: The results of our current study may contribute to the management of future ALL patients who experi‑
ence dexamethasone‑induced neuropsychological problems as it may improve HRQoL for patients who suffer most 
from dexamethasone‑induced neurobehavioral side effects. Furthermore, by investigating multiple risk factors that 
could be related to inter‑patient variability in developing these side effects, we might be able to identify and treat 
patients who are at risk earlier during treatment.

Trial registration: Medical Ethical Committee approval number: NL62388.078.17. Affiliation: Erasmus Medical Centre. 
Netherlands Trial Register: NL6507 (NTR66 95). Registered 5 September 2017

Keywords: Acute Lymphoblastic Leukemia (ALL), Dexamethasone, Hydrocortisone, Neurobehavioral Side Effects, 
Behavior, Mood, Sleep, Health Related Quality of Life, Randomized Controlled Trial
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Methods
General study design
The DexaDays-2 study is a Dutch national study and is 
coordinated from the Princess Máxima Center for pedi-
atric oncology. The study consists of two parts: an Iden-
tification study (T1-T2) and a Randomized Controlled 
Trial (RCT) (T3-T11). Figure  1 gives a schematic over-
view of the complete study. Tables 1 and 2 depict the con-
tent of all measurements in the Identification study and 
RCT respectively.

In‑ and exclusion criteria
Every Dutch ALL patient is screened on in- and exclu-
sion criteria. After permission of their pediatric oncolo-
gist, eligible patients are approached by the study team. 
Patients are eligible if they fulfill the following criteria: 
age 3–18, confirmed diagnosis of acute lymphoblastic 
leukemia (ALL), inclusion in DCOG ALL MRG proto-
col and able to comply with scheduled follow-up. Only 
patients between 3 and 18 years can participate because 
our questionnaires are validated for these ages. Exclu-
sion criteria are: patient or parent refusal, anticipated 
compliance problems, underlying conditions which affect 
the absorption of oral medication, pregnant or lactat-
ing patients, current uncontrolled infection or any other 
complications which may interfere with dexamethasone 

treatment, language barrier, pre-existing mental retarda-
tion, current hydrocortisone use or risperidone use.

In addition, to be eligible for the RCT, a patient has to 
show a rise of five or more points on the SDQ Total Dif-
ficulties scale after five days of dexamethasone treatment.

Randomized Controlled Trial
The main study is a prospective double-blind placebo-
controlled randomized trial (RCT) with a cross-over 
design. The primary aim of the RCT is to replicate the 
finding that addition of physiological doses of hydrocorti-
sone to standard dexamethasone treatment reduces neu-
robehavioral side effects in pediatric ALL patients who 
suffer from clinically relevant dexamethasone-induced 
neurobehavioral problems. Neurobehavioral problems 
are measured with the parent-reported Strengths and 
Difficulties Questionnaire in Dutch (SDQ) [27] at every 
time point (T3-T11) (Fig. 1 and Table 2).

The secondary aim is to estimate the percentage of 
patients with clinically relevant dexamethasone-induced 
sleeping problems and replicate our previous finding 
that addition of physiological doses of hydrocortisone to 
standard dexamethasone treatment reduces these sleep-
ing problems. Sleeping difficulties are measured using 
the Sleep Disturbance Scale for Children (SDSC) [28, 
29] at T3 + 4 and T7 + 8, i.e. before and after one course 

Fig. 1 Study Design DexaDays‑2. Schematic study design of the DexaDagen‑2 study. See Table 1 (Identification study) and Table 2 (RCT) for the 
specification of blood samples and questionnaires. RCT = randomized controlled trial. ALL = acute lymphoblastic leukemia. MR = medium risk. 
Dexa = dexamethasone
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hydrocortisone and one course placebo. Sleep is meas-
ured through actigraphy as well [30]. Patients wear a 
nonintrusive wrist actigraph for seven days [31]. Parents 
are asked to keep a sleep log during the actigraphy meas-
urement to interpret the data. These measurements take 
place twice: once when a patient receives hydrocortisone 
and once during placebo.

We also evaluate whether hydrocortisone addition 
improves HRQoL in patients with dexamethasone-
induced clinically relevant neurobehavioral problems. 
HRQoL is measured with the Pediatric Quality of Life 
questionnaire (PedsQL)[32]. The PedsQL is filled in 
before and after a hydrocortisone and placebo course, at 
T3 + 4 and T7 + 8.

Randomization and blinding
Patients are allocated to start with hydrocortisone or pla-
cebo using the method of a prefixed randomization list. 
This randomization list is prepared by the pharmacy, 
independent of the clinical investigators. The study is 
double blinded. Blinding of subject, researchers and 
physicians is ensured through use of the investigational 

medicinal product (IMP) and an identical placebo solu-
tion. In case of problems regarding study medication, the 
randomization list is available 24 h per day through the 
pharmacy.

Investigational treatment
The IMP is hydrocortisone solution, given orally. The 
drug is administered in physiological dosages of 10 mg/
m2/day. Patients use hydrocortisone (1  mg/ml) or pla-
cebo three times daily divided in a ratio of 5:3:2, follow-
ing the physiological circadian rhythm.

Patients receive hydrocortisone (two consecutive 
courses) or placebo (two consecutive courses) in a ran-
domized order during a five-day dexamethasone treat-
ment. A washout period of at least 2  weeks and 2  days 
is always present between courses to prevent carry-over 
effect. After 2 courses cross-over takes place (Fig. 1). The 
washout period renders the carry-over effect in the next 
period negligible. The idea is to use each patient as his 
own control by trying both regiments at different times 
and comparing the results.

Table 1 Procedures in the Identification study

The Identification study is the cohort from which eligible candidates for the Randomized Controlled Trial are selected. T1 = start dexamethasone. T2 = after 5 days of 
dexamethasone. T2a = 2 days after stop dexamethasone. See Fig. 1 for a schematic overview

SDQ  Strengths and difficulties questionnaire, SDSC Sleep disturbance scale for children, PSI  Parenting stress index, DT  Distress thermometer, PedsQL Pediatric quality 
of life questionnaire

Day 1 2 3 4 5 6 7 8
Timepoint Procedure T1 T2 T2a

Standard medication

 Dexamethasone X X X X X

 Vincristine X

 Methotrexate X X

Questionnaires

 SDQ X X

 SDSC X X

 PSI X X

 DT X

 DT (short) X

 Support X

 Support (short) X

 Eating thermometer X X

Blood sample

 Genetics X

 Dexa peak level X

 Dexa trough level X X

Somatic parameters

 Weight X X X

 Height X X X

 Blood pressure X X X

Done at (h = home / H = hospital) H h h h h H h H



Page 5 of 9van Hulst et al. BMC Pediatr          (2021) 21:427  

Pharmacovigilance is guaranteed by measuring the 
fluid volume in the medicine bottles after each 5-day 
course of study medication.

Power calculation for the primary outcome parameter
A sample size of 23 pairs with a correlation equal to 
0 achieves 79% power to detect a difference. of -5,2 
between the null hypothesis mean difference of 0 and the 
actual mean difference of -5,2 at the 5% significance level 
(alpha) using a two-sided Wilcoxon Signed-Rank Test. 
These results are based on 3000 Monte Carlo samples 
from the null distribution: Normal with mean 3.4 and 
standard deviation 5.4 and the alternative distribution 
Normal with mean 8.6 and standard deviation equal to 
6.3. Power computations are performed with PASS 2020 
Power Analysis & Sample Size (https:// www. ncss. com/ 
softw are/ pass/). We will include 50 patients in our RCT.

Identification study
The Identification study aims to select eligible patients 
for the RCT. Based on our previous study, we estimate 
that 40% of the included ALL patients experience clini-
cally relevant neurobehavioral side effects [14]. Estimat-
ing the probability of a 10% dropout rate, a 35% refusal 

rate and exclusion of 15% based on our exclusion criteria, 
a total of approximately 150 patients will be included in 
the Identification study course (Fig. 2).

The secondary aims for studies in the Identification 
cohort are to investigate possible factors associated to 
the inter-patient variability in dexamethasone-induced 
neurobehavioral problems, including pharmacokinet-
ics, candidate single nucleotide polymorphisms (SNP) 
analyses and psychosocial and environmental factors. 
Patients with a rise of five or more points on the SDQ 
Total Difficulties score after five days of dexamethasone 
(T1-T2, Fig.  1) will be compared with patients with a 
rise of four or less points. Dexamethasone kinetics are 
measured through peak levels (measured 2–3 h after the 
first dexamethasone administration on day 1 of the dexa-
methasone course (T1)) and trough levels (measured on 
day 6 (T2), after the last dexamethasone dose the previ-
ous evening). To identify possible very slow metaboliz-
ers, an additional blood sample will be taken on day 8, 
i.e. two full days after the last dexamethasone dose (T2a). 
A blood sample to evaluate carrier status of several rel-
evant candidate SNP is taken on T1. Germline DNA will 
be extracted and candidate SNP analysis of the GR gene 
(NR3C1), including Bcl1 polymorphism (rs41423247 

Table 2 Procedures and intervention in the RCT 

T3/T7 & T5/T9 = start of dexamethasone and study medication. T4/T8 & T6/T10 = after 5 days of dexamethasone and study medication. T11 = closing visit. See Fig. 1 
for a schematic overview

RCT  Randomized controlled trial, SDQ Strengths and difficulties questionnaire, SDSC Sleep disturbance scale for children, PedsQL Pediatric quality of life questionnaire, 
DT Distress thermometer

Day 1 / 43 2 / 44 3 / 45 4 / 46 5 / 47 6 / 48 7 / 49 22 / 64 23 / 24 / 25 / 26 / 27 / 69 85
Timepoint Procedure T3/T7 T4/T8 T5/T9 65 66 67 68 T6/T10 T11

Standard medication

 Dexamethasone X X X X X X X X X X X

 Vincristine X X X

 Methotrexate X X X

Study medication

 Hydrocortisone or placebo X X X X X X X X X X

Questionnaires

 SDQ X X X X X

 SDSC X X

 PedsQL generic X X

 DT (short) X X

 Eating thermometer X X

Sleep diary X X X X X X X

Actigraphy X X X X X X X

Somatic parameters

 Weight X X X X

 Height X X X X

 Blood pressure X X X

Done at (h = home / H = hospital) H h h h h h h H h h h h h H

https://www.ncss.com/software/pass/
https://www.ncss.com/software/pass/
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variant), ER22/23EK polymorphism (rs6189) and N363S/
A1220G polymorphism, and the AHSG gene (rs4918 
variant) will be included. Psychosocial and environmen-
tal factors include parenting stress, measured with the 
NOSI-K (Nijmeegse Ouderlijke Stress Index [33]), i.e. 
the adapted and shortened Dutch version of the Paren-
tal Stress Index (PSI)[34] and the Distress Thermometer 
(DT)[35, 36].

Several questions about received psychosocial support 
and education are filled in at T1 and T2. Eating and hun-
ger satiety are measured using an Eating thermometer (a 
visual analogue scale to indicate hunger).

Statistical analysis
The effect of treatment (n = 50) is assessed by comparing 
placebo with hydrocortisone on SDQ Total Difficulties 
Score (delta scores; subtracting the score on treatment 

day 1 from the score after treatment day 5) by employing 
a Paired Student’s T-test or Wilcoxon Signed Rank test 
in case of violation of normality assumption. SDQ sub 
scores will also be compared between the two groups. 
The effect of hydrocortisone on sleep and HRQoL (total 
and sub scores) is evaluated in the same way.

Due to the presence of repeated measures in the design 
of the RCT a generalized mixed model will be estimated 
to study the effect of therapy on neurobehavioral out-
comes. This model explicitly accounts for the correlations 
between repeated measurements within each patient. 
Results from this analysis will provide information about 
the longitudinal effect of the treatment. A treatment 
period interaction will be included in the model to inves-
tigate the groups effect over time.

To study the associations in the Identification 
group between potential determinants (genetics, 

Fig. 2 Flow chart. Expected number of ALL patients in the DexaDays‑2 study. ALL = acute lymphoblastic leukaemia. Group 1: starting with two 
courses hydrocortisone, thereafter cross over to placebo. Group 2: starting with two courses placebo, thereafter cross over to hydrocortisone
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pharmacokinetics and environmental factors) and the 
occurrence of dexamethasone-induced neurobehavioral 
problems a binary logistic regression model will be esti-
mated. Odds ratios along with 95% confidence interval 
will be provided.

Data, monitoring and publication
All data is collected and stored in agreement with good 
clinical practice (GCP) guidelines. Certified members of 
the study team collect data on paper case report forms. 
OpenClinica Enterprise Version 3.13 is used to further 
collect and manage data. Blood is stored for 15  years. 
Deblinding takes place at the end of the study, after which 
the database will be frozen.

All questionnaires are web based and data is col-
lected through a secure website, www. hetkl ikt. nu, a safe 
internet environment, which is widely used in pediatric 
(oncology) care in the Netherlands [37].

Adverse events are recorded, and all serious adverse 
events are reported to the competent authority by the 
investigator without undue delay, according to GCP. 
Patients can discontinue study participation at all times, 
without providing a reason for withdrawal. Standard 
insurance contracts apply in case of any unforeseen 
harm. Since patients are treated for a short time frame 
(2 × 5 days) and the drug under investigation is well char-
acterized and given in a physiological dose, we do not 
expect any suspected unsuspected serious adverse reac-
tions [14].

An independent certified third party (Julius Clinical) 
monitors the study. All processes including informed 
consent procedure, data collection and data management 
are monitored by this party. Monitoring takes place twice 
per year.

The results of this study will be disclosed unreserv-
edly in the form of scientific publications. Partici-
pants are notified of study proceedings through regular 
newsletters.

When necessary the protocol can be modified or addi-
tions can be made. This can be done through amend-
ments, which need approval by the Medical Ethical 
Committee.

Discussion
This paper describes the DexaDays-2 protocol: a ran-
domized controlled trial set up to replicate the finding 
that addition of physiological doses of hydrocortisone 
to standard dexamethasone treatment reduces neu-
robehavioral side effects in pediatric ALL patients. Our 
previous study suggests that patients with clinically rel-
evant neurobehavioral problems benefit from treatment 
with hydrocortisone [14]. Currently no other satisfying 
options to treat dexamethasone-induced neurobehavioral 

problems are available [38]. The results of this study 
may affect the management of future ALL patients with 
dexamethasone-induced side effects as it may improve 
HRQoL for those who suffer most from these problems. 
Our study could also be important for adult patients or 
children with other conditions who receive dexametha-
sone and experience the accompanying neurobehavioral 
side effects [38, 39]. Furthermore, by investigating pos-
sible risk factors that could influence the inter-patient 
variability, we might be able to identify patients at risk 
for dexamethasone-induced neurobehavioral problems 
at an earlier stage, providing a possible intervention. 
Besides earlier recognition, the potential identification of 
risk factors for dexamethasone-induced neurobehavioral 
problems might lead to new outcomes which could be 
targeted to deal with these problems. For example, par-
enting stress or received support could be established as 
risk factors, providing starting points for non-pharmaco-
logical interventions.

Several strong points of this study can be discussed. 
First, every patient with ALL in the Netherlands can be 
screened on eligibility for this study, rendering a large and 
hopefully unbiased population. From this population, we 
select patients who might benefit from the intervention, 
following the results of our previous DexaDagen-1 study. 
Second, the design, a double-blind placebo controlled 
randomized controlled trial with cross-over, will mini-
mize the risk of bias in our RCT. Third, we measure the 
effect of hydrocortisone in two subsequent dexametha-
sone courses. This is an addition to our previous study 
protocol, by which we want to mimic the normal situa-
tion of repetitive dexamethasone courses, and to inves-
tigate whether the possible effect of hydrocortisone is 
lasting.

Some possible study limitations have to be taken into 
account as well. To begin with, some patients might 
already use hydrocortisone therapy because patients 
heard of positive results from participants in our previ-
ous DexaDays-1 study. We address this problem by com-
municating the importance of our current study with 
all treating pediatric oncologists and asking them to 
include these patients in the study. Furthermore, because 
patients are coming to the Princess Máxima Center from 
the whole country, one extra visit might be a barrier for 
patients living far away. We try to overcome this problem 
by offering reimbursement of travel expenses and mak-
ing it possible to visit a patient at home if the extra visit 
is the only objection of parents to participate. Another 
potential limitation is that mainly patients who experi-
ence dexamethasone-induced neurobehavioral problems 
are motivated to participate in the trial. This could result 
in too few children without neurobehavioral problems 
and this may affect the study of possible determinants 

http://www.hetklikt.nu


Page 8 of 9van Hulst et al. BMC Pediatr          (2021) 21:427 

of dexamethasone-induced side effects. To investigate 
the presence of possible bias, we ask non-responders to 
fill in a short non-obligatory questionnaire with ques-
tions regarding dexamethasone-induced side effects. This 
allows for comparison between participants and non-
participants. If too few patients are included in the Iden-
tification study when we reach 50 patients in the RCT, it 
may be possible to continue the Identification study to 
generate a larger group to answer our secondary research 
questions by amending the protocol.

In conclusion, this study is set up to establish whether 
hydrocortisone addition to standard dexamethasone 
treatment is an effective therapy for dexamethasone-
induced serious neurobehavioral side effects. With this 
therapy we aim to improve health related quality of life 
for ALL patients who suffer from this side effect during 
their 1.5 year treatment schedule.

Abbreviations
ALL: Acute lymphoblastic leukemia; DCOG: Dutch Childhood Oncology Group; 
GCP: Good clinical practice; GR: Glucocorticoid receptor; HRQoL: Health 
related quality of life; MR: Mineralocorticoid receptor; MRG: Medium Risk 
Group; RCT : Randomized controlled trial.

Acknowledgements
The authors would like to thank all participating patients and parents. We also 
would like to thank Dr. Hanneke van Santen for her contribution and insightful 
discussions, and the trial and data center of the Princess Máxima Center for 
their support.

Authors’ contributions
MMvdHE, MAG and ELTvdA are the principal investigators of this study. RP and 
SMFP contributed to the design of the study. MFF is the trial statistician. AMvH 
and EJV are PhD‑candidates on the study. AMvH wrote this manuscript based 
on the study protocol. All authors read and approved the manuscript.

Funding
This trial is funded by Kinderen Kankervrij (KiKa no.268), the Netherlands. KiKa 
has no role in the study design, data collection and analyses and interpreta‑
tion of the data.

Availability of data and materials
The data collection is ongoing. When the dataset is completed and results are 
published, it will be available from the corresponding author upon reasonable 
request.

Declarations

Ethics approval and consent to participate
This manuscript represents the content of protocol version 4, February  18th 
2019.The study was approved by the Medical Ethics Committees of the 
Erasmus Medical Center Rotterdam (reference number NL62388.078.174).All 
parents and patients (when applicable) sign informed consent prior to 
participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Princess Maxima Center, Heidelberglaan 25, 3584 CS Utrecht, The Nether‑
lands. 2 Mathematical Institute Leiden University, Niels Bohrweg 1, 2333 CA Lei‑
den, The Netherlands. 3 Erasmus MC‑ Sophia Children’s Hospital, Wytemaweg 
80, 3015 CE Rotterdam, The Netherlands. 

Received: 2 December 2020   Accepted: 15 September 2021

References
 1. Bostrom BC, Sensel MR, Sather HN, Gaynon PS, La MK, Johnston K, 

et al. Dexamethasone versus prednisone and daily oral versus weekly 
intravenous mercaptopurine for patients with standard‑risk acute 
lymphoblastic leukemia: a report from the children’s cancer group. Blood. 
2003;101(10):3809–17.

 2. Kaspers GJL, Veerman AJP, PoppSnijders C, Lomecky M, VanZantwijk CH, 
Swinkels LMJW, et al. Comparison of the antileukemic activity in vitro 
of dexamethasone and prednisolone in childhood acute lymphoblastic 
leukemia. Med Pediatr Oncol. 1996;27(2):114–21.

 3. Veerman AJ, Kamps WA, van den Berg H, van den Berg E, Bokkerink JP, 
Bruin MC, et al. Dexamethasone‑based therapy for childhood acute 
lymphoblastic leukaemia: results of the prospective Dutch Childhood 
Oncology Group (DCOG) protocol ALL‑9 (1997–2004). Lancet Oncol. 
2009;10(10):957–66.

 4. McGrath P, Pitcher L. “Enough is enough”: Qualitative findings on 
the impact of dexamethasone during reinduction/consolidation for 
paediatric acute lymphoblastic leukaemia. Supportive Care Cancer. 
2002;10(2):146–55.

 5. de Kloet ER. From receptor balance to rational glucocorticoid therapy. 
Endocrinology. 2014;155(8):2754–69.

 6. Kellner M, Wiedemann K. Mineralocorticoid receptors in brain, in health 
and disease: possibilities for new pharmacotherapy. Eur J Pharmacol. 
2008;583(2–3):372–8.

 7. Joels M, de Kloet ER. 30 YEARS OF THE MINERALOCORTICOID RECEPTOR: 
The brain mineralocorticoid receptor: a saga in three episodes. J Endo‑
crinol. 2017;234(1):T49–66.

 8. Klok MD, Alt SR, Irurzun Lafitte AJ, Turner JD, Lakke EA, Huitinga I, et al. 
Decreased expression of mineralocorticoid receptor mRNA and its splice 
variants in postmortem brain regions of patients with major depressive 
disorder. J Psychiatr Res. 2011;45(7):871–8.

 9. ter Heegde F, De Rijk RH, Vinkers CH. The brain mineralocorticoid receptor 
and stress resilience. Psychoneuroendocrinology. 2015;52:92–110.

 10. Otte C, Hinkelmann K, Moritz S, Yassouridis A, Jahn H, Wiedemann K, et al. 
Modulation of the mineralocorticoid receptor as add‑on treatment in 
depression: a randomized, double‑blind, placebo‑controlled proof‑of‑
concept study. J Psychiatr Res. 2010;44(6):339–46.

 11. Klok MD, Giltay EJ, Van der Does AJ, Geleijnse JM, Antypa N, Penninx BW, 
de Geus EJ, Willemsen G, Boomsma DI, van Leeuwen N, Zitman FG, de 
Kloet ER, DeRijk RH. A common and functional mineralocorticoid recep‑
tor haplotype enhances optimism and protects against depression in 
females. Transl Psychiatry. 2011;1(12):62.

 12. Meijer OC, de Kloet ER. A Refill for the Brain Mineralocorticoid Receptor: 
The Benefit of Cortisol Add‑On to Dexamethasone Therapy. Endocrinol‑
ogy. 2017;158(3):448–54.

 13. Grossmann C, Scholz T, Rochel M, Bumke‑Vogt C, Oelkers W, Pfeiffer AFH, 
et al. Transactivation via the human glucocorticoid and mineralocorticoid 
receptor by therapeutically used steroids in CV‑1 cells: a comparison of 
their glucocorticoid and mineralocorticoid properties. Eur J Endocrinol. 
2004;151(3):397–406.

 14. Warris LT, van den Heuvel‑Eibrink MM, Aarsen FK, Pluijm SM, Bierings MB, 
van den Bos C, et al. Hydrocortisone as an intervention for dexametha‑
sone‑induced adverse effects in pediatric patients with acute lympho‑
blastic leukemia: results of a double‑blind. Randomized Controlled Trial J 
Clin Oncol. 2016;34(19):2287–93.

 15. de Ruiter RD, Gordijn MS, Gemke RJBJ, van den Bos C, Bierings MB, 
Rotteveel J, et al. Adrenal insufficiency during treatment for childhood 
acute lymphoblastic leukemia is associated with glucocorticoid receptor 
polymorphisms ER22/23EK and BclI. Haematologica. 2014;99(8):E136–7.



Page 9 of 9van Hulst et al. BMC Pediatr          (2021) 21:427  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 16. Manenschijn L, van den Akker ELT, Lamberts SWJ, van Rossum EFC. Clini‑
cal features associated with glucocorticoid receptor polymorphisms an 
overview. Glucocorticoids and Mood Clinical Manifestations, Risk Factors, 
and Molecular Mechanisms. 2009;1179:179–98.

 17. Spijker AT, van Rossum EEC. Glucocorticoid receptor polymorphisms in 
major depression focus on glucocorticoid sensitivity and neurocognitive 
functioning. Glucocorticoids and Mood Clinical Manifestations, Risk Fac‑
tors, and Molecular Mechanisms. 2009;1179:199–215.

 18. Kuningas M, Mooijaart SP, Slagboom PE, Westendorp RG, van Heemst 
D. Genetic variants in the glucocorticoid receptor gene (NR3C1) and 
cardiovascular disease risk. The Leiden 85‑plus Study. Biogerontology. 
2006;7(4):231–8.

 19. DeRijk RH, de Kloet ER, Zitman FG, van Leeuwen N. Mineralocorticoid 
receptor gene variants as determinants of HPA axis regulation and behav‑
ior. Endocr Dev. 2011;20:137–48.

 20. Vallance K, Liu W, Mandrell BN, Panetta JC, Gattuso JS, Hockenberry M, 
et al. Mechanisms of dexamethasone‑induced disturbed sleep and 
fatigue in paediatric patients receiving treatment for ALL. Eur J Cancer. 
2010;46(10):1848–55.

 21. Yang L, Panetta JC, Cai XJ, Yang WJ, Pei DQ, Cheng C, et al. Asparaginase 
may influence dexamethasone pharmacokinetics in acute lymphoblastic 
leukemia. J Clin Oncol. 2008;26(12):1932–9.

 22. Caes L, Goubert L, Devos P, Verlooy J, Benoit Y, Vervoort T. The relation‑
ship between parental catastrophizing about child pain and distress 
in response to medical procedures in the context of childhood cancer 
treatment: a longitudinal analysis. J Pediatr Psychol. 2014;39(7):677–86.

 23. Neece CL, Green SA, Baker BL. Parenting stress and child behavior prob‑
lems: a transactional relationship across time. Am J Intellect Dev Disabil. 
2012;117(1):48–66.

 24. van der Geest IM, van den Heuvel‑Eibrink MM, Passchier J, van den Hoed‑
Heerschop C, Pieters R, Darlington ASE. Parenting stress as a mediator 
of parents’ negative mood state and behavior problems in children with 
newly diagnosed cancer. Psychooncology. 2014;23(7):758–65.

 25. Kazak AE, Abrams AN, Banks J, Christofferson J, DiDonato S, Grootenhuis 
MA, et al. Psychosocial Assessment as a Standard of Care in Pediatric 
Cancer. Pediatr Blood Cancer. 2015;62(Suppl 5):S426–59.

 26. Varni JW, Katz ER, Colegrove R, Dolgin M. Perceived social support and 
adjustment of children with newly‑diagnosed cancer. J Dev Behav Pedi‑
atr. 1994;15(1):20–6.

 27. van Widenfelt BM, Goedhart AW, Treffers PD, Goodman R. Dutch version 
of the Strengths and Difficulties Questionnaire (SDQ). Eur Child Adolesc 
Psychiatry. 2003;12(6):281–9.

 28. Bruni O, Ottaviano S, Guidetti V, Romoli M, Innocenzi M, Cortesi F, et al. 
The Sleep Disturbance Scale for Children (SDSC). Construction and 

validation of an instrument to evaluate sleep disturbances in childhood 
and adolescence. J Sleep Res. 1996;5(4):251–61.

 29. Romeo DM, Bruni O, Brogna C, Ferri R, Galluccio C, De Clemente V, et al. 
Application of the sleep disturbance scale for children (SDSC) in pre‑
school age. Eur J Paediatr Neurol. 2013;17(4):374–82.

 30. Ancoli‑Israel S, Cole R, Alessi C, Chambers M, Moorcroft W, Pollak CP. The 
role of actigraphy in the study of sleep and circadian rhythms. Sleep. 
2003;26(3):342–92.

 31. Acebo C, Sadeh A, Seifer R, Tzischinsky O, Wolfson AR, Hafer A, et al. 
Estimating sleep patterns with activity monitoring in children and 
adolescents: how many nights are necessary for reliable measures? Sleep. 
1999;22(1):95–103.

 32. Varni JW, Burwinkle TM, Katz ER, Meeske K, Dickinson P. The PedsQL in 
pediatric cancer: reliability and validity of the Pediatric Quality of Life 
Inventory Generic Core Scales, Multidimensional Fatigue Scale, and 
Cancer Module. Cancer. 2002;94(7):2090–106.

 33. de Brock AJLL, Vermulst AA, Gerris JRM, Abadin RR. Nijmeegse Ouderlijke 
Stress Index. Meetinstrument voor de vaststelling van stress bij opvoed‑
ers. een uitgebreide versie (NOSI) voor psychodiagnostische doeleinden 
en een verkorte versie (NOSIK) voor signaleringsdoeleinden: Swets & 
Zeitlinger; 1992.

 34. Abidin RR. Parenting Stress Index. Charlottesville, VA: Pediatric Psychology 
Press; 1990.

 35. Haverman L, van Oers HA, Limperg PF, Houtzager BA, Huisman J, Darling‑
ton AS, et al. Development and validation of the distress thermometer for 
parents of a chronically ill child. J Pediatr. 2013;163(4):1140‑6 e2.

 36. van der Geest IMM, van Dorp W, Pluijm SMF, van den Heuvel‑Eibrink MM. 
The distress thermometer provides a simple screening tool for selecting 
distressed childhood cancer survivors. Acta Paediatr. 2018;107(5):871–4.

 37. Schepers SA, Sint Nicolaas SM, Haverman L, Wensing M, Schouten 
van Meeteren AYN, Veening MA, et al. Real‑world implementation of 
electronic patient‑reported outcomes in outpatient pediatric cancer care. 
Psychooncology. 2017;26(7):951–9.

 38. Ismail MF, Lavelle C, Cassidy EM. Steroid‑induced mental disorders in 
cancer patients: a systematic review. Future Oncol. 2017;13(29):2719–31.

 39. Stuart FA, Segal TY, Keady S. Adverse psychological effects of corticoster‑
oids in children and adolescents. Arch Dis Child. 2005;90(5):500–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Study protocol: DexaDays-2, hydrocortisone for treatment of dexamethasone-induced neurobehavioral side effects in pediatric leukemia patients: a double-blind placebo controlled randomized intervention study with cross-over design
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Methods
	General study design
	In- and exclusion criteria
	Randomized Controlled Trial
	Randomization and blinding
	Investigational treatment
	Power calculation for the primary outcome parameter

	Identification study
	Statistical analysis
	Data, monitoring and publication

	Discussion
	Acknowledgements
	References


