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Abstract
Background: Dexamethasone is important in the treatment for pediatric acute 
lymphoblastic leukemia (ALL) but induces muscle atrophy with negative conse-
quences for muscle mass, muscle strength, and functional abilities. The aim of 
this study was to establish the effect of a dexamethasone course on sarcopenia 
and physical frailty in children with ALL, and to explore prognostic factors.
Methods: Patients with ALL aged 3–18 years were included during maintenance 
therapy. Patients had a sarcopenia/frailty assessment on the first day of (T1) and 
on the day after (T2) a 5- day dexamethasone course. Sarcopenia was defined as 
low muscle strength in combination with low muscle mass. Prefrailty and frailty 
were defined as having two or ≥three of the following components, respectively: 
low muscle mass, low muscle strength, fatigue, slow walking speed, and low 
physical activity. Chi- squared and paired t- tests were used to assess differences 
between T1 and T2. Logistic regression models were estimated to explore patient-  
and therapy- related prognostic factors for frailty on T2.
Results: We included 105 patients, 61% were boys. Median age was 5.3 years 
(range: 3–18.8). At T1, sarcopenia, prefrailty, and frailty were observed in respec-
tively 2.8%, 23.5%, and 4.2% of patients. At T2, the amount of patients with frailty 
had increased to 17.7% (p = 0.002), whereas the number of patients with sarcope-
nia and prefrailty remained similar. Higher ASMM (odds ratio [OR]: 0.49, 95% 
CI: 0.28–0.83), stronger handgrip strength (OR: 0.41, 95% CI: 0.22–0.77) and more 
physical activity minutes per day (OR: 0.98, 95% CI: 0.96–0.99) decreased the risk 
of frailty at T2. Slower walking performance (OR: 2, 95% CI: 1.2–3.39) increased 
the risk. Fatigue levels at T1 were not associated with frailty at T2.
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1  |  INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common 
pediatric cancer worldwide, with a prevalence up to 25% 
of all cancers. Advances in treatment strategies and sup-
portive care have resulted in a 5- year survival rate of over 
90% in high- income countries.1,2 However, children expe-
rience treatment- related side effects which may interfere 
with physical abilities. These may include deterioration of 
muscle strength and muscle mass, which can be caused 
by malnutrition, infections, low physical activity, and by 
treatment with glucocorticoids.

In the general population sarcopenia, defined as the 
combination of low muscle mass and low muscle strength, 
is typically associated with (accelerated) aging.3,4 However, 
there is growing evidence of this phenotype among chil-
dren with ALL.5,6 The same applies to the more extended 
vulnerability state: physical frailty. Frailty is characterized 
by three or more of these five components: low muscle 
mass, muscle weakness, self- reported fatigue, slow walk-
ing speed, and low physical activity.7 Each of these compo-
nents, muscle mass loss,8 muscle weakness,9,10 fatigue,11,12 
slow walking speed,10 and reduced physical activity lev-
els,13,14 have individually been reported as side effects 
during treatment of ALL.

There is a partly overlap between sarcopenia and 
physical frailty, with both involving compromised mus-
cle health.15 In the elderly, sarcopenia has been consid-
ered as a precursor of frailty,16,17 but the biological and 
clinical relations between these two states are not yet 
clear.15 Nevertheless, as in older populations, sarcopenia, 
and frailty have both been associated with acute adverse 
health outcomes, that is, higher infection rates, increased 
hospitalizations, loss of ambulation, and even, impaired 
survival6,8,18–20 and with the onset of chronic comorbid-
ities, disabilities, and early death in childhood cancer 
survivors.2

Dexamethasone is an important treatment component 
of ALL, but induces muscle atrophy of particularly Type 
II muscle fibers (which are the force generating fibers)21 
and consequently myopathy.22 Among survivors of child-
hood cancer, higher cumulative doses of corticosteroids, 
and prolonged exposure have shown to increase muscle 
wasting and weakness.15

To date, it is not clear whether sarcopenia and frailty 
directly increase after a dexamethasone course during 
ALL treatment, and whether a child's initial physical state 
at the start of a course is prognostic for deterioration. 
Therefore, the primary objective of this study was to assess 
whether the frequency of sarcopenia and physical frailty, 
including its individual components increase after a 5- day 
dexamethasone course. Second, we aimed to investigate 
whether patient-  and/or treatment- related factors, along 
with initial physical functioning, contribute to the devel-
opment of frailty following a 5- day dexamethasone course.

2  |  METHODS

2.1 | Study design and cohort

This study on sarcopenia and physical frailty was per-
formed within the framework of the DexaDays- 2 study: a 
national randomized controlled trial on neurobehavioral 
side effects of dexamethasone in pediatric ALL patients 
aged 3–18 years, conducted at the Princess Máxima Center 
for Pediatric Oncology, Utrecht, the Netherlands, between 
2019 and 2021. The design of this study including in-  and 
exclusion criteria has been previously described.23,24

From 2011 tot 2020, children with ALL were treated 
according to the Dutch Childhood Oncology ALL- 11 
protocol. In this protocol, patients were stratified to 
standard, medium, or high risk treatment. Medium 
risk (MR) maintenance treatment contained 28 three 
weekly treatment cycles. Patients received doxorubicin 
on the first day of the first 4 treatment cycles, vincris-
tine once every 3 weeks, methotrexate once per week 
and 6- mercaptopurine once per day, as well as dexa-
methasone for five consecutive days at the beginning of 
each treatment cycle (6 mg/m2 per day in three dosages). 
Depending on randomization, patients also received as-
paraginase once every 3 weeks until Week 15 or 27 of 
maintenance treatment.25 All participating patients had 
a sarcopenia/frailty assessment in the outpatient clinic, 
on the first day of a 5- day dexamethasone course (T1) 
and on the day after this same course (T2). The assess-
ment consisted of measurements of fatigue, muscle 
mass, muscle strength, and physical performance,24 and 

Conclusion: Physical frailty increased strikingly after a 5- days dexamethasone 
course in children with ALL. Children with poor physical state at start of the 
dexamethasone course were more likely to be frail after the course.
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was carried out by a pediatric physiotherapist (EV) or 
medical physician (AvH) at the Sports and Exercise cen-
ter of the Princess Máxima Center.

The study was approved by the Medical Ethics 
Committee (reference number NL62388.078.174) and all 
patients and/or parents provided written informed con-
sent to participate.

2.2 | Sarcopenia and frailty assessments

2.2.1 | Appendicular skeletal muscle mass

Appendicular skeletal muscle mass (ASMM), the sum 
of muscle mass of the four limbs, was measured using 
a multi- frequency segmental bioimpedance analyzer 
(Tanita MC- 780, Tanita Corporation, Tokyo, Japan). 
As reference data for Dutch children were unavail-
able, to estimate SDS we used age and sex- specific 
mean and standard deviation values from a UK popula-
tion (5–18 years), acquired using the same Tanita soft-
ware.26 Due to lack of bioimpedance reference values 
of 3-  to 4- year- old children, we used sex and age spe-
cific expected values of ASMM (kilogram), derived by 
a dual- energy x- ray absorptiometry prediction equation 
in Canadian children27 (Table S1). Low ASMM was de-
fined as SDS - 1.5 or lower, in line with previous frailty 
studies.2,28

2.2.2 | Muscle strength

Handgrip strength (kg) was measured in sitting posi-
tion with the elbow flexed at 900 using a hydraulic Jamar 
handheld dynamometer (Sammons Preston, Bolingbrook, 
Illinois, United States of America). For both the dominant 
and nondominant hand the mean score of three repeats 
was used. Mean values were compared to population- 
based age and sex- specific reference values and SDS29 
were calculated. Low muscle strength was defined as SDS 
- 1.5 or lower.

2.2.3 | Fatigue

The Dutch version of the Pediatric Quality of Life 
Inventory (PedsQL)—Multidimensional Fatigue Scale 
(MFS) was used to assess fatigue- related problems.30 
This questionnaire consists of three scales: general fa-
tigue, sleep/rest fatigue, and cognitive fatigue. We used 
the parental versions for the specific age groups 3–4, 
5–7, 8–12, and 13–18 years. Subsequently, we compared 
total scores of our population to Dutch reference values 

and calculated SDS.30 Patients with a SDS of −1.5 or 
lower were classified as fatigued.

2.2.4 | Walking speed

The Timed Up and Go test (TUG) was used to asses walk-
ing speed. The children started seated on a chair and were 
asked to stand up, walk 3 m, turn around, walk back, and 
sit down again. The mean time of three attempts was 
considered as the test result, and SDS were calculated 
using a Brazilian age and weight specific reference equa-
tion.31 Patients with a SDS of 1.5 or higher were classified 
as slow (higher SDS indicates lengthier and thus slower 
performance).

2.2.5 | Physical activity

Physical activity was assessed using questionnaires. For 
children 3–11 years of age we used parent proxy- reported 
questionnaires generated in a Dutch population- based pro-
spective cohort study.32 These questionnaires contained 
questions regarding frequency and duration of outdoor 
playing, sports participation and active commuting to/from 
school. Time per week spent on each activity was calculated 
by using the following equation: weekly time spent on the 
activity = (days per week) × (hours per day). Total physical 
activity was calculated by adding the hours of active com-
muting, outdoor play, and sport participation per week. 
For the definition of low physical activity, we used a cutoff 
of less than 60 active minutes per day, based on the World 
Health Organization guidelines for physical activity.33

Children 12–18 years were asked to fill in the modified 
Baecke questionnaire.34 Physical activity during school, 
leisure time, and organized sports were reported in fre-
quency, intensity, and duration. Total physical activity was 
calculated according to the Baecke formula.35 As a refer-
ence cohort we used Baecke scores reported in 102 Dutch 
children, 10.5 ± 3.6 years of age.36 We defined low phys-
ical activity in this study as a score 1.5 SDS below their 
reported mean score.

A complete overview of the measuring instruments in-
cluding methods and psychometric properties have previ-
ously been described in our study protocol.24

2.2.6 | Definition of sarcopenia and 
physical frailty

Sarcopenia was defined as the combination of low muscle 
strength and low muscle mass.3 Prefrailty and frailty were 
classified as the presence of respectively two, or more than 
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4 |   VERWAAIJEN et al.

two of the following five components: low muscle mass, 
low muscle strength, fatigue, slow walking speed, and low 
physical activity.7 Figure S1 provides an overview of the 
two phenotypes and the overlap between the definition 
and the individual components.

2.3 | Potential prognostic factors 
for frailty

The following variables were assessed as prognostic fac-
tors for frailty after 5 days of dexamethasone administra-
tion: sex, age in years, weight SDS, body mass index (BMI) 
SDS, maintenance week, concomitant asparaginase (de-
pending on ALL- 11 randomization children received as-
paraginase until Week 15 or 27 of maintenance therapy). 
In addition, we assessed if the physical functioning state 
at T1 was associated with the occurrence frailty at T2. 
These outcomes were: ASMM SDS, handgrip strength 
SDS, PedsQL- MFS SDS (fatigue), TUG SDS (rising/walk-
ing speed) and physical activity minutes per day. The lat-
ter only applied to children aged 3–11 years.

2.4 | Statistics

Patient characteristics and assessment results were pre-
sented as mean or median with interquartile range (IQR), 
according to the distribution of the variables. Paired t- test 
was used to assess differences in test results between at start 
(T1) and after 5- days (T2) of the dexamethasone course. In 
case of violation of the normality assumption, Wilcoxon 
ranked sum test was employed. Mean/median differences 
with 95% confidence interval in raw scores and SDS were 
reported. Chi- squared and Fisher's exact tests were used to 
compare the occurrence of sarcopenia and frailty and the 
individual components (low ASMM, low muscle strength, 
fatigue, slow walking speed, and low physical activity) 
at T1 and T2. To investigate potential prognostic factors 
(patient- , disease- , and therapy- related characteristics and 
T1 assessment results) for frailty at T2, univariable logistic 
regression models were estimated. Odds ratio (OR) was 
not estimated when the number of participants in a cell of 
the contingency table was ≤3. All analyses were performed 
in R software environment Version 1.4.1106 for Windows.

3  |  RESULTS

3.1 | Patients

In total, 105 patients with ALL undergoing MRG main-
tenance therapy were included in this study (Figure  1: 

Flowchart) with a median age of 5.3 years (range: 3–18.8). 
The majority were boys (61%). Ninety- three patients 
(88.6%) had pre B- cell ALL, 11 patients (10.5%) had T- cell 
ALL and one patient had a blastic plasmacytoid dendritic 
cell neoplasm but was also treated according to the DCOG 
ALL- 11 MRG protocol and therefore included (Table 1).

3.2 | Sarcopenia and physical frailty 
(components) before and after 5- day 
dexamethasone course (T1- T2)

At T1, sarcopenia was present in 2 (2.8%) patients, while 
prefrailty and frailty were observed in 24 (23.5%) and 4 
(4.2%) patients, respectively. At T2, the number of pa-
tients with sarcopenia and prefrailty remained similar, 
while the prevalence of frailty increased with 13.5%–17.7% 
(p = 0.002). Complete assessment results and paired analy-
ses are depicted in Table 2.

At T1, Mean ASMM was 25% (IQR: 21.7, 27.2), which 
was lower compared to normative values (SDS: −0.65, 
IQR: −0.37, −0.08). Twenty (24.1%) patients were classi-
fied as having low ASMM. At T2, ASMM had decreased 
with −0.54 SDS (95% CI: −0.65, −0.44), while body weight 
remained unchanged (SDS: −0.05, 95% CI: −0.2, 0.1). 
There was a significant 14.5% increase in the prevalence 
of patients with low ASMM (p < 0.01).

At T1, handgrip strength was within normal ranges 
(SDS: - 0.02, IQR: −0.7, 0.8). Ten (12.2%) patients had low 
strength. Handgrip strength had improved with 0.2 SDS 
(95% CI: 0.1, 0.4) at T2, but the number of children with 
low strength remained the same (p = 0.68).

Median total PedsQL- MFS score was 76.4 (IQR: 58.3, 
87.9) at T1. Compared to normative values, mean SDS was 
−0.55 (IQR: −2.2, 0.5) and 35 (38%) children were classi-
fied as fatigued. At T2, the PedsQL- MFS total score had 
decreased by −2.13 SDS (95% CI: −2.54, −1.72), resulting 
in a 44.6% increase of fatigued patients (p < 0.01).

The mean TUG time was 5.6 s (IQR: 4.6, 6.4) at T1, 
which was lower compared to normative values (SDS: 
- 0.5, IQR: −1.3, 0.1). Four (4.4%) children had a low score, 
which was similar at T2 (p = 0.68).

At T1, children 3–11 years were on average 83.6 min 
active per day (IQR: 44.5, 120.2). Older children and ado-
lescents (12–18 years, n = 6) had a Baecke physical activity 
SDS of −1.7 (IQR: −2.9, −0.3). In total, 31 patients (39.7%) 
met the criteria for low physical activity. At T2, In 3-  to 11-  
year- olds physical activity decreased with −26.8 minutes 
per day (95% CI: −39.6, −15). The Baecke SDS showed 
a decrease of −0.54 (95% CI: −1.41, 0.14) in patients 
12–18 years. The number of patients with low physical ac-
tivity had increased with 18% (p < 0.01).

The differences in mean scores are visualized Figure 2.
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3.3 | Determinants for frailty after a  
5- day dexamethasone course (T2)

Seventeen patients were classified as physically frail at T2. 
Univariable logistic regression models showed that lower 
weight SDS at T1 was negatively associated with frailty at 
T2 (OR: 0.54, 95% CI: 0.33–0.89) (Table 3). Patients who 
were further into maintenance therapy were less prone 
to become frail (OR: 0.94, 95% CI: 0.9–0.98). Concomitant 
administration of asparaginase did not have a negative ef-
fect on developing frailty but the number of children still 
receiving asparaginase was relatively small (n = 11) (OR: 
3.12, 95% CI: 0.8–12.2).

Poor physical status and performance at T1 were associ-
ated with a higher frailty occurrence at T2 (Figure 3). Higher 
ASMM (OR: 0.49, 95% CI: 0.28–0.83), stronger handgrip 
strength (OR: 0.41, 95% CI: 0.22–0.77) and more physical ac-
tivity minutes per day (OR: 0.98 95% CI: 0.96–0.99) decreased 
the risk of frailty at T2 significantly. Slower performance on 
the TUG (OR: 2, 95% CI: 1.2–3.39) increased the risk. Fatigue 
levels at T1 were not associated with frailty at T2.

4  |  DISCUSSION

Our study showed that the occurrence of physical frailty 
increased with 13.5% directly after a 5- day dexamethasone 
course in children with ALL. This is a concerning finding 
as dexamethasone pulses are recurrently administered in 
many ALL chemotherapy schedules, and a physical frail 
state has been associated with an increased risk of adverse 
events in pediatric populations.19,20

There was a notably smaller percentage of patients 
with sarcopenia (patients who had both low muscle mass 
and muscle strength) (2.8%) and this occurrence was not 
increased after a dexamethasone course. As ASMM did 
decrease during the course, this may indicate that a de-
crease in strength does not manifest as acutely, or it could 
be that handgrip strength may not reflect total muscle 
strength in these young patients.

We did find a marked decrease of −0.5 SDS in ASMM 
after 5 days of dexamethasone administration, which 
may be related to the catabolic effect of dexametha-
sone.37 However, the acute effect of dexamethasone 

F I G U R E  1  Flowchart of study patients 
and completed assessments.

ALL-11 MR patients

n=277

Eligible patients 

n=163

Informed Consent

n=105

Patients enrolled in 

DexaDays-2 Study

n=105

Complete measurements 

for sarcopenia 

classification: 71 (67.6%)

Exclusion (n=114 )
- Age <3 or >18 (n=17)

- Interfering study (n=12)

- Language barrier (n=14)

- Mental retardation (n=9)

- Hydrocortisone use (n=18)

- Other (n=44)

Refusal n=58 (35%)

ALL patients

n=388 - SRG (n=69)

- HRG (n=25) 

- Not ALL-11 (n=17)

Complete measurements 

for frailty classification

Prefrailty: 102 (97.1%)

Frailty: 96 (91.4%)
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administration and the role of pharmacokinetics in mus-
cle deterioration needs to be studied in further depth. 
The decrease in ASMM could also potentially explained 
by the striking observed decline in physical activity (on 
average 27 min less physically active per day). Studies in 
healthy young, and older adults indicated that short- term 
sedentary behavior already led to significant loss of skel-
etal muscle mass.38,39 It is not known whether this effect 
of muscle breakdown in children is also this profound. 
Although ASMM decreased during the dexamethasone 
course, total body weight remained the same which may 
be explained by fluid imbalances or fat increase (cushin-
goid features). Our analyses also showed that lower body 
weight SDS and lower ASMM SDS at T1 were associated 
with frailty at T2, unlike BMI SDS, which was unexpect-
edly not associated.

Parents reported a dramatic increase in their children's 
fatigue after 5 days of dexamethasone administration. At 
day one, 38% already had a high fatigue score but this in-
creased to 83% of the children on Day 6. This increase is 
consistent with a previous study in children with ALL.11,40 
The precise mechanism behind fatigue during dexameth-
asone treatment has not been elucidated yet.41 Although 
fatigue was the component that showed the largest in-
crease after 5 days of dexamethasone, this was the only 
component at T1 that was not prognostic for frailty at T2, 
suggesting that perceived fatigue is not associated with 
decline in muscle and function. Nonetheless, fatigue is 
a striking problem for which there are no standardized 
effective interventions available yet, although previ-
ous studies indicated that exercise interventions may be 

promising. In a small controlled trial (n = 22), a 6- week 
homebased aerobic exercise intervention during ALL 
maintenance therapy showed reductions in fatigue.42 In a 
longitudinal observation of 68 children with various types 
of cancer increased physical activity levels were associated 
with less fatigue.43 Another pilot study (n = 17) showed 
that children with the highest step counts in the week be-
fore the corticosteroid course, reported less fatigue during 
the corticosteroid course.44 However, it is unclear if these 
results indicates a causal relationship or co- association. 
Moreover, in adolescents without cancer, cognitive behav-
ior therapy has been shown to be a successful intervention 
in reducing severe fatigue.45 In children with cancer there 
has been only one noncontrolled pilot study so far, which 
does show promising results.46

Somewhat surprisingly, patients did not reveal a de-
cline in handgrip strength and movement speed. We even 
reported an increase in handgrip strength SDS. However, 
we suspect this improvement may have been based on a 
learning effect (repetition of the measurement within 
5 days may have had a beneficial effect on performance). 
We are also hesitant about whether the instruction 
(squeezing as hard as possible) can be performed properly 
by 3-  and 4- year- olds. We expected to observe a decline in 
both handgrip strength and walking speed, partly because 
of the co- administration of vincristine at T1. Vincristine is 
known to induce peripheral neuropathy with consequent 
strength loss in distal muscles and clumsiness.47

Since dexamethasone courses are repeated 28 times 
(every 3 weeks for 1.5 years) during ALL maintenance 
therapy, it is conceivable that the repetitive impact of 

T A B L E  1  Patient characteristics (N = 105).

Median IQR Range

Age, years 5.33 4.17, 8.83 3.0, 18.83

Weight, SDSa 0.34 1.27 −3.62, 4.41

Height, SDSa −0.83 1.05 −3.18, 1.56

Body mass index, SDSa 1.11 1.12 −3.28, 3.88

Maintenance week, number 34 22, 43 13, 68

No. %

Sex

Female 41 39

Male 64 61

Type of ALL

Pre- B ALL 93 88.6

T- ALL 11 10.5

BPDCNb 1 0.9

Abbreviations: ALL, acute lymphoblastic leukemia; BPDCN, blastic plasmacytoid dendritic cell neoplasm; SDS, Standardized deviation score.
aSDS values are mean with standard deviation.
bOne patient had BPDCN and was also treated according to the ALL- 11 protocol.
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   | 7VERWAAIJEN et al.

dexamethasone treatment may change over time. We ob-
served that children who were further into maintenance 
therapy (rather than newly started), were less often frail. 
Patients early in maintenance phase, may not have entirely 
recovered from the intensive induction and consolida-
tion phase (high doses of chemotherapy, immobilization, 

and infections) or there may be a nuisance effect of as-
paraginase administration. Asparaginase has also been 
implicated as a potential contributor to reduced muscle 
health,15 but the exact mechanism is currently unknown. 
Asparaginase has an inhibitory effect on protein synthe-
sis in cancer cells, it is hypothesized that muscle protein 

T A B L E  2  Assessment results and paired analyses of the frailty components on Day 1 (T1) and 1 day after (T2) a 5- day dexamethasone 
course.

Day 1 Day 6 Paired difference Day 1–6

N Mean IQR Mean IQR Mean Δ 95% CI

Weight, kg 86 21.6a 28.7, 37.5 22.1a 18.5, 37.9 −0.05 −0.2 to 0.1

Appendicular skeletal muscle mass 83

Kilogram 5.4a 4, 10.5 5a 3.8, 10 −0.55b −0.7 to −0.45

Percentage 25.03 21.71, 27.24 23.06 20.25, 25.82 −1.97 −2.3 to −1.65

SDS −0.65 −1.37, −0.08 −1.19 −1.88, −0.59 −0.54 −0.65 to −0.44

Muscle strength

Handgrip strength, dominant hand 82

Kilogram 9.15a 6.35, 14.7 10.1a 7, 16 0.65b 0.25 to 1.05

SDS −0.02 −0.7, 0.8 0.22 −0.7, 0.98 0.24 0.13 to 0.35

Fatigue

PedsQL—MFS 92

Total score 76.39a 58.33, 87.85 41.67 31.6, 57.29 −24.31b −29.17 to 
−19.44

SDS −0.55 −2.18, 0.53 −3.17 −4.6, −2.04 −2.13 −2.54 to −1.72

Slow walking speed

Timed Up and Go test 91

Seconds 5.62 4.58, 6.44 5.63 4.55, 6.33 0.02 −0.19 to 0.23

SDS −0.47 −1.25, 0.13 −0.42 −1.33, 0.07 0.05 −0.14 to 0.24

Physical activity

3–11 years—questionnaire 72

Active minutes per day 83.57a 44.46, 120.18 49.29a 15, 103.57 −26.79b −39.64 to −15

12–18 years—Baecke questionnaire 6

Total score 7.24a 6.32, 9.01 6.27a 5.17, 8.38 −0.56b −1.45 to 0.14

SDS −1.71a −2.88, −0.27 −2.93a −4, −0.88 −0.54b −1.41 to –0.14

No. % No. % p- value

Frailty components

Low skeletal muscle mass 83 20 24.1 32 38.6 0.003

Low handgrip strength 82 10 12.2 8 9.76 0.683

Fatigue 92 35 38.04 76 82.61 <0.00001

Slow walking speed 91 4 4.4 6 6.59 0.683

Low physical activity 78 31 39.74 45 57.69 0.004

Sarcopenia 71 2 2.8 2 2.8 0.999

Prefrailty 102 24 23.5 29 28.4 0.458

Frailty 96 4 4.2 17 17.7 0.002

Abbreviations: CI, confidence interval; IQR, interquartile range; SDS, standardized deviation score.
aMedian.
bMedian value based on Wilcoxon signed rank test. Bold indicates statistical significance.
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synthesis in muscle cells may also be compromised.15 As 
our study had only 11 children who still received asparagi-
nase, we were not able to analyze this thoroughly.

This is the first prospective study to assess the acute 
effect of a dexamethasone course on the individual com-
ponents of sarcopenia and physical frailty in a national 

F I G U R E  2  Boxplots visualizing the score differences between the first day (T1) and sixth day (T2) of dexamethasone administration.

T A B L E  3  Univariable association between determinants at Day 1 (T1) and having frailty at Day 6 (T2).

Determinants at T1 Frail at T2 Non- Frail at T2 Odds ratio 95% CI

Sex 1.0 0.35–2.92

Female 7 (41.2) 32 (41)

Male 10 (58.8) 46 (59)

Age, years 6.4 (4, 9) 5.3 (4.25, 8.85) 1.0 0.9–1.14

Weight, SDS −0.34 (−0.83, 0.32) 0.43 (−0.31, 1.24) 0.54 0.33–0.89

Body mass index, SDS −1.41 (−1.78, −0.8) −0.74 (1.53, 0.07) 0.53 0.27–1.03

Type of ALL N.a.

Pre B- cell 14 (82.3) 71 (91)

T- cell 2 (11.8) 7 (9)

BPDCN 1 (5.9) 0 (0)

Maintenance week, number 25 (16, 31) 37 (25.5, 46) 0.94 0.9–0.98

Appendicular skeletal muscle 
mass, SDS

−1.39 (−1.84, −0.87) −0.54 (−1.28, −0.02) 0.49 0.28–0.83

Dominant handgrip strength, SDS −0.73 (−1.65, 0.2) 0 (−0.6, 0.88) 0.41 0.22–0.77

Fatigue (PedsQL- MFS), SDS −0.46 (−1.31, 0.38) −0.49 (−2.1, 0.56) 1.0 0.98–1.03

Timed Up and Go test, SDS 0.26 (−0.52, 0.68) −0.54 (−1.28, −0.02) 2.02b 1.2–3.39

Physical activity, minutes per daya 44 (23, 62) 90 (45, 147) 0.98 0.96–0.99

Note: Values are depicted as median (interquartile range) or number (%), Bold indicates statistical significance.
Abbreviations: BPDCN, blastic plasmacytoid dendritic cell neoplasm, n.a., not applicable.
aAnalyzed in subcohort of children 3–11 years of whom physical activity minutes per day were available (n = 72).
bHigher SDS = slower performance increases the risk of frailty.
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cohort of children with ALL. We showed that a pa-
tient's muscle mass, muscle strength and physical per-
formance, before the start of a dexamethasone course, 
is prognostic for developing frailty after the course. 
This finding may endorse the “better in and better out 
principle,” and gives us reason to explore specific inter-
ventions for dexamethasone resilience, to prepare our 
patients for dexamethasone courses. Current evidence 
for interventions to improve muscle mass and function 
in children with cancer is not very comprehensive. From 
a biological perspective it is hypothesized that exercise 
interventions potentially increase repair of - by che-
motherapy-  damaged mitochondria.48 However, only 
a number of exercise trials have been performed and 
showed mixed success in effectiveness, but did show that 
exercise is safe and feasible even during intensive treat-
ment.49–51 For future research, we aim to determine the 
most beneficial training and right timing for the individ-
ual patient, that is, whether structured aerobic exercise, 
resistance training or only a higher level of physical ac-
tivity (increased step count) will yield positive results on 
muscle health. Moreover, further knowledge and deep 
understanding of frailty in pediatric cancer patients is 
needed to develop successful interventions.

This study has some limitations to be addressed. 
First, we used bioimpedance analysis to assess ASMM, 
which is a safe, cost- efficient, and quick method. The 
downside is uncertainty about the reliability of bio-
impedance analyses in children with high fat per-
centages,52 and also hydration status may affect the 

measurements, as it causes an increase in the body's 
electrical resistance.53 Both overweight and disturbed 
fluid balance can occur in ALL patients, thus this may 
have influenced our results. However, current reliable 
imaging techniques such as computed tomography (un-
suitable due to radiation exposure), magnetic resonance 
imaging and dual- energy x- ray absorptiometry are ex-
pensive, poor accessible and time consuming. Second, 
we had no availability of Dutch normative values for the 
used measurement instruments (besides PedsQL- MFS). 
Therefore, we used pediatric reference values from co-
horts with other origins, which may have influenced our 
results. Third, the current findings can only be gener-
alized specifically to protocols that involve the admin-
istration of maintenance dexamethasone for a duration 
of 5 days, which is currently within the ALLTogether 
protocol across 14 different European countries. Fourth, 
while we observed an association between patients fur-
ther into maintenance therapy and a reduced risk of 
frailty, we were unable to unravel this finding in relation 
with complications and adverse events occurring earlier 
in treatment, due to limited data collection during those 
phases in this cohort. We recommend that these factors 
be considered in future studies.

In conclusion, 5 days of dexamethasone increased 
physical frailty in children with ALL. A poorer physical 
state at start of a dexamethasone course (lower muscle 
mass, muscle strength, and slower movement ability) was 
prognostic for developing frailty after a dexamethasone 
course.

F I G U R E  3  The difference in appendicular skeletal muscle mass (ASMM), muscle strength, fatigue level and walking speed at T1, 
between patients that were frail and non- frail at T2. T1, at start of a 5- day dexamethasone course; T2, 1 day after completion of the same 
course.

0
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