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1 | BACKGROUND

Though the prevalence of overweight and obesity in the Nordic
countries is lower than in many Western countries, childhood obe-
sity is a growing problem.%? In childhood acute lymphoblastic

Abstract

Obijectives: Children with acute lymphoblastic leukemia (ALL) have a tendency to
gain weight during treatment. As overweight and obesity associate with health prob-
lems, prophylactic interventions are warranted. Therefore, it is important to identify
the children most prone to gain weight.

Methods: Patients aged 2.0-17.9 years at ALL diagnosis were identified from the
NOPHO ALL2008 registry. Registry data was complemented with height and weight
at the end of therapy from questionnaires. Body mass index (BMI) was classified
according to international age- and sex-adjusted International Obesity Task Force
BMI cut-offs. BMI values were transformed into standard deviation scores (SDS) to
calculate the difference in BMISDS during treatment.

Results: Data on BMI change were available for 765 children. Overweight and obe-
sity doubled during treatment: 9.7% were overweight and 2.1% obese at diagnosis
and 21.8% and 5.4% at the end of therapy, respectively. The mean BMISDS change
was +0.64. Younger (2.0-5.9 years) and healthy weight children were most prone to
become overweight (mean change in BMI SDS +0.85 and + 0.65, respectively).
Conclusions: Younger children (2.0-5.9 years) with healthy weight at diagnosis were
most prone to becoming overweight and therefore are an important group to target

while considering interventions.
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leukemia (ALL), obesity at diagnosis is associated with a higher risk
of relapse and poorer overall survival, compared to being healthy
weight.>® Furthermore, weight gain is common in children during
ALL treatment,”’ 1> especially during induction therapy with

glucocorticoids.”"1¢
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Body mass index (BMI) is modifiable and interventions to normal-
ize BMI during ALL treatment could improve cure rates. Studies inves-
tigating the impact of changes in BMI on outcome in childhood ALL
are scarce, and whether weight loss in patients with ALL and extreme
body weight at diagnosis can improve survival rates remains unclear.
However, Orgel et al. demonstrated potential benefit from caloric
restriction via diet/exercise to augment chemotherapy efficacy and
improve disease response.’” Another study demonstrated an
improved event-free survival in children who normalized their weight
during pre-maintenance therapy.2 On the contrary, Den Hoed et al.
observed that decrease in BMI during the first 32 weeks of treatment
led to poorer overall survival compared to patients without decreases
in BM.'8

Many children survive ALL and having a healthy BMI after treat-
ment is desirable for future health and quality of life. By identifying
children most prone to unfavorable weight development, appropriate

interventions could be applied prophylactically during treatment.

2 | METHODS

21 | Study population

Children aged 2.0-17.9 years at ALL diagnosis with data on height
and weight both at diagnosis and end of first-line treatment (EOT)
and enrolled in the NOPHO (Nordic Society of Paediatric Haema-
tology and Oncology) ALL2008 protocol between 2008 and 2018
in Sweden, Norway, Denmark, Finland, Iceland, Estonia, and
Lithuania were included. Data retrieved from the registry-included
information on patient demographics, height, and weight at diagno-
sis, immunophenotype, white blood cell count (WBC) and central
nervous system (CNS) status. Data on the height and weight at EOT
was obtained through questionnaires completed by healthcare pro-
viders. Patients with missing data on BMI, hematopoietic stem cell
transplantation as first-line treatment, or Down syndrome were
excluded. Children <2 years old were excluded as the BMI cut-offs
used here are defined from 2 years of age. The study was approved
by the Ethical Stockholm
2018/1888-31).

Review Board in (number

2.2 | Leukemia treatment protocol

The ALL2008 protocol has been described in detail earlier.!? Stratifi-
cation into risk groups, and subsequently into treatment arms, is
based on prognostic factors. At diagnosis, the patients with T-ALL
and/or WBC 2100 x 10%/L received high-risk induction therapy
with dexamethasone. Other patients received standard risk induc-
tion with prednisolone. The second stratification, done after the
induction, is based on the cytogenetics of the leukemic clone and
the response to the early treatment, measured by minimal residual
disease (MRD, proportion of leukemic blasts remaining in the bone

marrow).
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2.3 | BMl definitions

BMI at diagnosis and EOT was classified according to international
age- and sex-adjusted International Obesity Task Force (IOTF) BMI
cut-offs, based on smoothed sex- and age-specific IOTF curves, and
correspond to BMI of <17 kg/m? for thinness/underweight, BMI
>25 kg/m? for overweight, and 2 30 kg/m? for obesity at 18 years of
age.22! Values for BMI, height and weight were also transformed
into standard deviation scores (SDS) to calculate the difference
between BMISDS, height SDS and weight SDS at diagnosis and at
EOT.?272% For the purposes of this study, weight loss was defined as a
decrease of >1 BMISDS.

2.4 | Statistical analysis

The mean change in BMISDS between diagnosis and EOT was calcu-
lated for different subgroups with paired t tests and compared within
the groups by using independent t tests and one-way ANOVA. Chi-
square tests were used to describe associations between different
categorical variables, such as BMI at diagnosis and at EOT, age group
(younger children 2.0-9.9 years and older children 10-17.9 years),
risk group, ALL subtype, and sex. Uni- and bivariate linear regression
analysis were used to test the association of BMISDS with other con-
tinuous variables. Two-tailed p values <.05 were considered statisti-
cally significant. Statistical analyses were performed using SPSS
version 28.0 for Windows (SPSS Inc., lllinois, USA).

3 | RESULTS

3.1 | Studygroup

In total 765 survivors after first-line treatment were included. Data on
BMI were missing from 801 patients at EOT who otherwise met the
inclusion criteria. There were no differences in sex, age, risk group,
immunophenotype, WBC at diagnosis, or CNS status between those
with or without available data. Characteristics of the study group are

shown in Table 1.

3.2 | Change in BMISDS during treatment

There were no significant differences between proportion of children
in each BMI category at diagnosis and age group or risk protocol. The
mean BMISDS at diagnosis was 0.04 increasing to 0.68 at EOT (mean
difference + 0.64). When the BMISDS change was analyzed as mean
paired change in each patient characteristic group (Table 1), only high-
risk patients (p = 0.17), children aged 10-17.9 years (p = 0.07) and
those who were overweight (p = 0.72) or obese (p = 0.74) at diagno-
sis did not gain weight significantly during the treatment. To differen-
tiate the effect of age and BMISD at diagnosis to the BMISDS change
we compared age and BMISDS at diagnosis with BMISD change
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TABLE 1 Change in body mass index
standard deviation score (BMISDS) in

All patients
No. (%) Mean

Overall population 765 0.64
Age group (years)

Age 2-5.9 464 (60.7) 0.85

Age 6-9.9 158 (20.7) 0.46

Age 10-17.9 143 (18.7) 0.15
Gender

Male 417 (54.5) 0.62

Female 348 (45.5) 0.67
Weight group at diagnosis

Underweight 35 (4.6) 2.27

Healthy weight 640 (83.7) 0.65

Overweight 74 (9.7) —0.01

Obese 16 (2.1) -0.15
Risk group

Standard risk treatment 410 (53.6) 0.69

Intermediate risk treatment 287 (37.5) 0.67

High risk treatment 68 (8.9) —0.09
Immunophenotype

B-cell ALL 668 (87.3) 0.67

T-cell ALL 97 (12.7) 0.43
Induction therapy

Prednisolone induction 621 (81.2) 0.68

Dexamethasone induction 144 (18.8) 0.46
WBC at diagnosis

WBC <50 x 10°/L 602 (78.7) 0.67

WBC 50-100 x 10°/L 73 (9.6) 0.63

WBC >100 x 107/L 90 (11.8) 0.41
CNS status at diagnosis

CNS negative ALL 741(96.9 0.64

CNS positive ALL 24 (3.1) 0.49

Median

different patients characteristics groups
p value®

0.61

0.83
0.48 <.001
0.10

0.59 48
0.64

2.08
0.65 <.001
0.04

-0.13

0.64
0.63 <.001
0.13

0.63 .03
0.49

0.68 .03
0.47

0.63
0.59 .06
0.51

0.61 48
0.54

Abbreviations: ALL, acute lymphoblastic leukemia; CNS, central nervous system; WBC, white blood cell

count.

2Qui-square test, independent t tests, and one-way ANOVA are based on mean.

separately by linear regression; the coefficient of both variables
were negatively significant (p value <.001), also after adjusting for
age and BMISDS at diagnosis, respectively (Figure S1). Patients with
pre B-cell ALL and induction therapy with prednisolone had a
greater increase in mean BMISDS than patients with T-cell ALL or
induction therapy with dexamethasone, but these differences were
not significant when the comparisons were performed without high-
risk patients.

Underweight and normal weight children at diagnosis presented
with the most noteworthy weight gain by EOT (mean BMISDS change
of +2.27, +0.65, —0.03, and —0.15 for underweight, normal weight,
overweight and obese children respectively, Figure 1). The increase in

BMISDS for underweight and healthy weight remained significantly
higher when stratifying for age group. Patients in the standard- and
intermediate-risk groups had a greater increase in mean BMISDS
(+0.69 respectively +0.67) than patients in the high-risk group (0.09;
p value <.001) (Table 1).

The prevalence of children decreasing in BMISDS (> -1
BMISDS) during treatment was 3.8% (29/765). Those who received
high-risk treatment were more prone to weight loss (10.3%; 7/68)
compared to nonhigh-risk treated children (3.2%; 22/697). Older
children were most susceptible to weight loss; 2.2% (10/464) in
the youngest age group and 9.8% (14/142) of the children aged
10-17.9 years decreased in BMISDS. The difference was not due to
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TABLE 2 Change in body mass index standard deviation scores (BMISDS) in different patient characteristic groups

BMISDS change

No. (%) > —1 BMISDS <—1- < +1 BMISDS > +1 BMISDS > +2 BMISDS p value
Overall population 765 9 (3.8) 470 (61.4) 212 (27.7) 54(7.1)
Age 2-5.9 years 464 (60.7) 0(2.2 256 (55.2) 150 (32.2) 48 (10.3) <.001
Age 6-9.9 years 158 (20.7) 5(3.2 110 (69.6) 40 (25.3) 3(1.9)
Age 10-17.9 years 143 (18.7) 4(9.8) 104 (72.7) 2(15.4) 3(2.1)
Male 417 (54.5) 6(3.8 255 (61.2) 117 (28.1) 29 (7.0) .99
Female 348 (45.5) 3(3.7 215 (61.8) 95 (27.3) 25(7.2)
BMI category at diagnosis
Underweight 35 (4.6) 0 3(8.6) 13 (37.1) 19 (54.3) <.001
Healthy 640 (83.7) 1(3.3) 290 (60.9) 194 (30.3) 35(5.5)
Overweight 74(9.7) 7(9.5) 2(83.8) 5(6.8) 0
Obese 16 (2.1) 1(6.3) 5(93.8) 0 0
Standard risk treatment 410 (53.6) 2(2.9) 257 (62.7) 108 (26.3) 33(8.0) .003
Intermediate risk treatment 287 (37.5) 10 (3.5) 165 (57.5) 5(33.1) 16 (5.6)
High risk treatment 68 (8.9) 7 (10.3) 57 (69.1) 9(13.2) 5(7.4)
B-cell ALL 668 (87.3) (3.3) 412 (61.7) 185 (27.7) 49 (7.3) 255
T-cell ALL 97 (12.7) (7.2) 8(59.8) 7 (27.9) 5(5.2)
Prednisolone induction 625 (81.7) 8(2.9) 386 (62.2) 172 (27.7) 46 (7.4) .015
Dexamethasone induction 140 (18.3) (7.9) 5(59.5) 40 (27.8) 8(5.6)
WABC? at diagnosis
<50 x 10%/L 602 (78.7) 17 (2.8) 371 (61.6) 169 (28.1) 45 (7.5) .093
50-100 x 10°/L 73(9.6) 4(5.5) 48 (65.8) 16 (21.9) 5(6.8)
>100 x 10°/L 90(11.8) 8(8.9) 51(56.7) 27 (30.0) 4(4.4)

*White blood cell count at diagnosis.

more older children having high-risk treatment as 8.9% (10/117) of 3.3 | Change in height and weight during

the nonhigh-risk older children decreased in BMISDS during treat- treatment

ment. Of healthy weight children, 3.3% (21/640) decreased with

more than 1 BMISDS compared to 8.9% (8/90) overweight or obese The mean height SDS at diagnosis was 0.63 and decreased to 0.12 at
patients (Table 2). EOT (mean difference — 0.51). Mean weight SDS increased from 0.34 to
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TABLE 3 Body mass index (BMI) category at diagnosis and at end of acute lymphoblastic leukemia (ALL) treatment
BMI category at end of therapy
TOTAL Underweight Healthy weight Overweight Obese

BMI category at diagnosis No. % No. % No. % No. % No. %
Underweight 35 4.6 1 2.9 33 94.3 1 2.9 0 0
Healthy weight 640 83.7 6 0.9 494 77.2 124 19.4 16 2.5
Overweight 74 9.7 0 0 23 31.1 36 48.6 15 20.3
Obese 16 2.1 0 0 0 0 6 37.5 10 62.5
Total 7 550 167 41

Aged 2.0-5.9 years 464 60.7
Underweight 26 4.6 0 25 96.2 1 3.8 0 0
Healthy weight 388 83.6 3 0.8 271 69.8 99 255 15 3.9
Overweight 40 8.6 0 11 27.5 21 52.5 8 20.0
Obese 10 2.2 0 0 0 6 60.0 4 40.0

Aged 6.0-9.9 years 158 20.6
Underweight 4 2.5 0 4 100 0 0 0 0
Healthy weight 136 86.1 1 0.7 120 88.3 15 11.0 0 0
Overweight 14 8.9 0 5 35.7 7 50.0 2 14.3
Obese 4 2.5 0 0 0 0 4 100.0

Aged 10-17.9 143 18.7
Underweight 5 3.5 1 20 4 80 0 0 0 0
Healthy weight 116 81.1 2 1.7 103 88.8 10 8.6 1 0.9
Overweight 20 14.3 0 0 7 35.0 8 40.0 5 25.0
Obese 2 1.4 0 0 0 0 0 0 2 100.0

Note: % of the number of patients in the BMI category at diagnosis.

0.48 at EOT (mean difference + 0.14). The younger children aged 2-
5.9 years decreased —0.59 SDS in height during treatment, significantly
more compared to older children (height SDS —0.43 in age group 6-
9.9 years and — 0.39 in age group 10-17.9 years, p value .001). Children
treated with high-risk protocol had a tendency to decrease more in height
during treatment than nonhigh risk patients (change in height SDS at the
EOT —0.64 and — 0.50 respectively, p value .074).

3.4 | BMI category at diagnosis and EOT

The number of overweight and obese patients more than doubled after
treatment (Table 3). At diagnosis 9.7% (n = 74) were overweight and
2.1% (n = 16) obese compared to 21.9% (n = 167) and 5.4% (n = 41) at
EOT, respectively. Especially in the youngest age category (2.0-
5.9 years, at diagnosis), the number of overweight and obese patients
during treatment increased; 8.8% (n = 50) were overweight/obese at
diagnosis and 33.4% (n = 154) at EOT. In children aged 6.0-9.9 years,
11.4% (n = 18) were overweight/obese at diagnosis, compared to
17.7% (n = 28) at EQT. The percentage of overweight and obese in the
older children (10.0-17.9 years) did not significantly change before and
after treatment; 15.3% (n = 22) at diagnosis and 18.2% (n = 26) at EQT,
with some patients gaining, some losing weight.

The majority (94.3%; 33/35) of underweight patients at diagnosis
had a healthy BMI at EOT. However, 22% (141/640) of patients with
a healthy BMI at diagnosis were overweight or obese and 0.9%
(6/649) were underweight at EOT. The younger children aged 2.0-
5.9 year were most vulnerable to weight gain with almost every third
(29.4%;114/388) normal weight child being overweight/obese at
EOT, compared to 10.5% and 9.5% in the 6.0-9.9 years and 10.0-
17.9 years age categories (Table 3).

4 | DISCUSSION

In line with previous studies, we observed an increase in BMISDS dur-
ing ALL treatment. The number of overweight/obese patients at EOT
more than doubled from diagnosis. Younger children, especially those
with a healthy BMI at diagnosis, nonhigh-risk group patients, and
underweight patients at diagnosis were most prone to gain weight
during treatment.

The mean change in BMISDS in our study was +0.64. A meta-
analysis by Zhang et al. observed a mean increase of +0.83 in BMI z-
scores (BMISDS) in 1514 pediatric patients.!®> A greater increase in
weight has been observed in patients receiving dexamethasone than

in those receiving prednisolone, though the difference has been
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transient.2”?® No such difference was observed herein. However, as
we only have data on BMI at diagnosis and EOT, it's not possible to
conclude whether a transient greater weight gain occurred in patients
receiving dexamethasone.

Younger and healthy weight children are at greater risk of
unhealthy weight gain than other children treated for ALL. A study by
Browne et al. on 372 children aged 2-18 years at ALL diagnosis dem-
onstrated that younger underweight or healthy weight children were
at significantly higher risk of becoming overweight and obese during
and after treatment compared to older children.” Similar to our study,
Reilly et al. also showed that younger and underweight children at
diagnosis were more likely to gain weight during treatment.**

In our study we could conclude, that only 0.9% of the children
with healthy weight at diagnosis were underweight at EOT. The
results indicate that we probably are managing the nutritional chal-
lenges in the undernourished child with ALL sufficiently, but we are
far from managing the same challenges in the supportive care, regard-
ing excessive BMI gain during treatment. How do we inform the fami-
lies? How do we manage tube feeding? In what ways do we support
physical activity during treatment?

Overweight/obese children and adolescents have a higher preva-
lence of comorbidities, such as diabetes, hypertension, and dyslipide-
mia.2’ Obesity also affects quality of life and mental health, with
obese children at higher risk for depression than nonobese children.*°
Studies on BMI years after end of leukemia treatment have shown
that weight gain persists beyond treatment completion.®12141531
Considering that many patients become overweight/obese during
treatment and that the weight gain is likely to persist, interventions to
prevent weight gain early in treatment are warranted. Previous small
life-style intervention studies under and after childhood ALL treat-
ment have shown promising result both on feasibility and
efficacy.t”:3233

Obesity has over the last decades become a large problem in the
general pediatric population. Further, the prevalence of overweight
and obesity increased significantly with age in Swedish school chil-
dren.®* The international growth curves are mainly constructed and
based on children measured at the end of the last decennium, contrib-
uting to some uncertainty when analyzing standard deviations of BMI
and BMI cut-offs in different age groups.?®>°

Weight gain is closely related to growth in children; although
there was an decrease in height SDS during treatment, the children
increased in mean weight SDS. This is in line with Browne et al, who
describe a decrease in height z-score and increase in weight z score in
372 children with ALL during treatment.” At the follow up time
(median 10.7 years) there was some improvement of height z score
after EOT especially in the younger children. Bruzzi et al. showed that
the height SDS of 162 survivors of childhood ALL decreased with
0.36 SDS during treatment, not followed by an appropriate
catch-up.3¢

The limitations of the study include missing data on the pubertal
status at diagnosis and EOT. Further, the results do not apply to
patients under 2 years of age who were excluded due to the BMI cut-
offs applied. Also, we did not have detailed data on the body
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composition changes; although BMI is feasible and readily available at

diagnosis and EOT, it does not differentiate between changes in mus-
cle tissue and body fat or their distribution in the body.®”-*® Previous
studies have also described loss of skeletal muscle mass during and
after treatment in long term survivors of ALL.2?*C Dual-energy X-ray
absorptiometry (DXA) is often described as gold standard for direct
measuring of body composition and body fat changes, which may not
be feasible for large-scale interventions. Other indirect methods to
gather information on the body composition, such as the Bioelectrical
Impedance Analysis (BIA) method, could be considered for future
studies.*? Lastly, we have no data after EOT and cannot describe the
height development and the effect on BMISDS in that off treatment
period.

In conclusion, this study demonstrated how BMI changes during
ALL treatment in a large population treated for ALL according to
NOPHO protocols. Younger children, and especially those aged 2-
5.9 years, treated with nonhigh-risk protocols and with a healthy
weight at diagnosis, are prone to becoming overweight/obese dur-
ing treatment. Therefore, they are an important group to target with
multidisciplinary lifestyle interventions during and after treatment,
in addition to children who are already overweight/obese at diagno-
sis. More research on how BMI change during therapy is associated
with treatment outcome including toxicity is warranted to be able to
target interventions to those patients who can benefit from them
the most.
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