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Abstract

Introduction: The aim of this study was to evaluate the nutritional status of children undergoing cancer treatment
and to assess changes in their nutritional status depending on selected clinical, demographic, and social factors.

Material and methods: This was a single-center prospective cohort study of children aged 2 to 18 years who were
diagnosed with cancer and received treatment between October 2019 and January 2022. The nutritional status
of patients was evaluated before and after cancer treatment based on measurements of weight, body mass index
(BMI), height, and arm anthropometry (MUAC, mid-upper arm circumference; TSFT, triceps skinfold thickness, and
SCFT, subscapular skinfold thickness). Body composition (UMA, upper arm muscle area), arm fat index (AFl), and the
sum of SCFT and TSFT (SFsum) were also assessed. Additionally, the nutritional status of patients at baseline was
compared to that of a control group consisting of 30 healthy children. The obtained results were analyzed depending
on selected demographic, clinical, and social factors.

Results: The study included 40 patients (median age 11.29 years [range 2.08-17.67]; male 67.5%). At baseline, mal-
nutrition was reported in 5% and 7.5% of children based on weight and BMI respectively, and in 7.5% of patients based
on MUAC. At follow-up, malnutrition increased by 17.5% based on body weight and BMI, and by 2.5% based on MUAC.
UMA allowed the diagnosis of protein-energy malnutrition in 27.5% of patients. Moreover, low UMA was significantly
more common in children with cancer than in controls. Overnutrition at follow-up was identified in a higher percentage
of patients based on AFl and SFsum measurements than based on BMI (27.5%, 35%, and 10%, respectively). There
were no differences in anthropometric measurements or body composition depending on the type of cancer, intensity
of treatment, or place of residence. However, weight, BMI, MUAC, UMA, and SFsum were higher in males, suggesting
the possible effect of sex. A higher prevalence of underweight determined by BMI was noted in patients whose parents
had university education or were between the ages of 18 and 35.

Conclusions: Children with cancer show changes in the nutritional status compared to healthy children. Body composi-
tion can be used to identify these changes with greater accuracy than anthropometric measurements such as weight,
height, BMI, and arm anthropometry. The risk of changes in nutritional status can be determined based on selected
clinical, demographic, and social factors.
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Introduction

Children with cancer may present with abnormalities in
nutritional status that can be found at the time of diagnosis,
or during and after cancer treatment [1-4]. Conditions that
constitute high-risk factors for malnutrition (both undernu-
trition and overnutrition) in children with cancer include
advanced solid tumors, central nervous system tumors,
high-risk acute lymphoblastic leukemia, high-risk lymphoma,
nasopharyngeal carcinoma, as well as multiple relapsed
and high-risk leukemias [5]. Malnutrition can complicate
cancer treatment and worsen the prognosis [6, 7]. It also
increases the risk of metabolic disorders in survivors [8, 9].

Identifying children with cancer who are at higher risk of
nutritional disorders such as undernutrition and overnutri-
tion may aid decision-making on appropriate management,
thus preventing complications. Therefore, it is important to
determine risk factors for malnutrition and to identify pe-
diatric patients with cancer who require close monitoring.

The aim of the present study was to evaluate the nutrition-
al status of children receiving cancer treatment. Moreover, we
aimed to assess changes in the nutritional status depending
on selected clinical, demographic, and social factors.

Material and methods

Study design

This observational, prospective, single-center study was
conducted in pediatric patients with newly diagnosed
cancer who were hospitalized between October 2019 and
January 2022 in the Pediatric Department of Hematology,
Oncology and Transplantology at the University Hospital
in Lublin, Poland. The study compared the nutritional
status of children with cancer at diagnosis to that of
a group of healthy children (the control group), and also
showed changes in the nutritional status of children with
cancer during treatment.The nutritional status of the pa-
tients was assessed at the baseline examination (before
cancer treatment) and again at the follow-up examination
(after treatment). The treatment endpoint in patients with
hematological malignancies was evaluated before starting
maintenance treatment, while in those with solid tumors it
was evaluated upon completion of the first-line treatment
protocol. Subsequently, changes in the nutritional status
were assessed according to clinical (type of cancer, inten-
sity of treatment), demographic (sex, age group), and social
(age of parents, education of parents, place of residence)
characteristics of the patients’ families.

Study population

The study included consecutive pediatric patients aged
2 to 18 years with newly diagnosed cancer. Exclusion criteria
were age under 2 years at diagnosis, relapsed or secondary
malignancy, and hematopoietic stem cell transplantation.

Patients received standard treatment according to the type
and stage of cancer.

The control group included children who were not under
specialized care for chronic diseases, were not taking any
chronic medications, and who did not present with signs
of active infection upon enrollment to the study. Controls
were recruited from among the children of the investiga-
tors and those of their relatives and friends.

Demographic and clinical data including age, sex, type
of cancer, and intensity of treatment were obtained from
the hospital registry. Information on the social status (the
age of the parent when the child was diagnosed with can-
cer, parents’ educational status, place of residence) was
obtained from parents using a dedicated questionnaire.

Nutritional assessment

The nutritional status of participants was assessed based
on anthropometric measurements including body weight,
height, body mass index (BMI), mid-upper arm circumfer-
ence (MUAC), triceps skinfold thickness (TSFT), subscapular
skinfold thickness (SCFT) and body composition including
sum of SCFT and TSFT (SFsum), upper arm muscle area
(UMA), and arm fat index (AFI). Anthropometric measure-
ments were assessed both as raw values and were also
interpreted according to age- and sex-adjusted growth
charts to obtain percentile rankings. Local reference values
were used for weight, height, BMI, and MUAC indices of
healthy children and adolescents in Poland [10-13]. UMA,
AFl, and SFsum were calculated according to the age- and
sex-matched norms of Frisancho [14].

All measurements were taken by the same physician
twice: at baseline and then at follow-up. Nutritional status
assessment is described in detail in the Supplementary
Material (S1).

Statistical analysis

Statistical analyses were performed at baseline and after
treatment in participants for whom complete data was
available at both timepoints (n = 40). Data was analyzed
using descriptive statistics (mean [SD]; median, Q1-Q3,
min-mayx, frequency and rate. Mann-Whitney, Kruskal-
Wallis, Wilcoxon, and Fisher tests were used. A p-value of
<0.05 was considered significant. All statistical analyses
were performed using R version 4.1.1.

Results

Characteristics of study population

A total of 49 patients met the inclusion criteria for this
study. During the study, one patient was excluded due to
recurrence, one patient withdrew from the study, one pa-
tient moved to another treatment center, and six patients
required longer treatment. Therefore, the final study sample
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Table I. Baseline characteristics of study and control groups

Variable Study group Control group
n=40 n=30

Sex Female 13(32.5) 14 (46.7) 0.3386°
el Male 27 (67.5) 16 (53.3)
Age, years Mean (SD) 9.8 (4.93) 7.74 (4.3) 0.1228°

Median (Q1-Q3) 11.29 6.5

Range (5.25-13.27) 2.08-17.67  (4.65-9.96) 2.17-17.58
Age group, years Pre-school (2-5) 12 (30.0) 11 (36.7) 0.3387°
a2 School (6-12) 16 (40.0) 14 (46.7)

Adolescent (13-18) 12 (30.0) 5(16.7)
Place of residence Rural 21 (52.5) 7(23.3) <0.0071°
[z Urban — city 8(20.0) 22(73.3)

Urban — town 11 (27.5) 1(3.3)
Education of parents Elementary 6 (15.0) 1(3.3) <0.0071°
[z Secondary 11 (275) 0(0.0)

University 23 (57.5) 29 (96.7)
Age of parents, years 18-35 10 (25.0) 28 (93.3) 0.0015°
a2 36-45 19 (475) 2(6.7)

>46 11 (27.5) 0(0.0)

N —number; Q — quartile; SD — standard deviation

included 40 patients: 30 patients with hematological malig-
nancies (15 with acute lymphoblastic leukemia, eight with
Hodgkin’s lymphoma, five with non-Hodgkin’s lymphoma,
and two with acute myeloid leukemia) and 10 patients
with solid tumors (two with central nervous system tumor,
two with Wilms tumor, three with soft tissue sarcoma, two
with Ewing sarcoma, and one with germ cell tumor). Most
patients with hematological malignancies received low
and intermediate intensity treatment due to their low risk
group classification (SR — standard risk; IR — intermedi-
ate risk), while most patients with solid tumours received
high intensity treatment due to their high stage of disease
(Illand IV) (p = 0.246). The mean follow-up of patients with
hematological malignancies was 38.89 + 14.61 weeks, and
of those with solid tumors was 45.44 + 19.02 weeks. The
baseline characteristics of the study and control groups
are set out in Table I. Detailed clinical, demographic, and
social characteristics of the study group are presented in
the Supplementary Material (Tab. S1-S3).

Differences in anthropometric parameters were calcu-
lated using Fisher test (°) or Mann-Whitney test (°). A p-value
<0.05 was considered significant.

Anthropometric measurements and body
composition in study vs. control group

At baseline, there were no differences in anthropometric pa-
rameters or body composition between the study and control
groups (see Tab. Il). However, a comparison of the percentile

values of these parameters revealed that low UMA was more
common in patients with cancer compared to controls (27.5%
vs. 3.3% respectively, p = 0.0137; see Fig. 1).

Anthropometric measurements and body
composition in whole study group at
baseline vs. follow-up

Analysis of the whole study group revealed no significant
differences in anthropometric measurements and body
composition at follow-up vs. baseline (see Tab. Il). However,
a comparison of the percentile values of these parameters
at follow-up revealed that more children had undernutrition
identified based on weight (p = 0.0514), BMI (p = 0.0690)
and MUAC (p =1.000), while overnutrition was more com-
mon based on AFl (p = 0.4218) and SFsum (p = 0.6295)
(see Fig. 1).

Anthropometric measurements and body
composition in study group at baseline
vs. during follow-up depending on
demographic, clinical, and social factors

Demographic factors

Anincrease in weight (p = 0.0027), BMI (p = 0.0082), MUAC
(p =0.0107), UMA (p = 0.0248), and SFsum (p = 0.002)
was observed at follow-up vs. baseline only in boys (see
Tab. Ill). On the other hand, analysis of percentile values
indicated that girls had a higher prevalence of underweight
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Table 1. Anthropometric measurements and body composition in study group at baseline and follow-up vs. control group

Parameter Study group p-value® Control group p-value®
n=40 (study group: n=30 (study group
baseline vs. at baseline vs.
Baseline Follow-up follow-up control group)
37.84 (19.56) 38.43 (19.71) 29.76 (16.39)
Weight, kg 32.2 (21.42-54.50) 34.95 (21.38-51.75) 0.2117 24.75 (17.85-32.75) 0.1287
13.3-77 13.7-82.5 11-68
140.31 (29.16) 143.69 (26.94) 128.35 (27.41)
Height, cm 145 (117.25-166) 150 (120-167) <0.001 123 (109.25-138) 0.1014
89-183 97-183 89-194
17.71 (3.42) 17.24 (3.65) 16.71(2.4)
BMI, kg/m’ 16.64 (15.43-19.6) 16.16 (14.8-18.72) 0.3681 16.36 (14.82-18.51) 0.2991
13.55-27.94 12.22-28.89 12.89-22.32
21.41 (4.97) 22.02 (4.88) 20.25 (3.97)
MUAC, cm 19.75 (17.38-25.5) 20.75 (18.38-25.12) 0.1134 19.75 (17-22.75) 0.4612
14.5-32 18.5-82.8 14.5-29
27.46 (13.33) 28.66 (14) 23.92(9.91)
UMA, cm? 23.29 (17.65-35.08) 23.88 (19.42-34.95) 0.1231 22.52 (16.61-28.17) 0.3454
10.26-65.4 12.15-62.82 12.4-49.44
28.54 (7.26) 29.78 (6.95) 29.12 (6.33)
AFI, % 28.39 (24.38-33.17) 28.95 (25.53-31.97) 0.5862 29.25 (25.65-33.37) 0.6139
11.72-46.65 16.58-51.24 11.5-41.57
19.97 (9.31) 21.26 (7.58) 18.52 (6.16)
SFsum, mm 16.06 (14-23) 19 (16.79-24) 0.2122 15.25 (14-23) 0.7301
11.46-49.3 12-45 11-36

Data presented as mean (SD), median (Q1-Q3), and min-max values. Differences in anthropometric parameters were calculated using Wilcoxon test (°) or Mann-Whitney test (°). A p-value <0.05 was consi-
dered significant.; AFl — arm fat index; BMI — body mass index; MUAC — mid-upper arm circumference; SCFT — subscapular skinfold thickness; SFsum — sum of subscapular and triceps skinfold thickness;

TSFT — triceps skinfold thickness; UMA — upper arm muscle area

than boys as determined by weight (p = 0.022) and BMI
(p =0.0322) (see Tah. IV).

Analysis by age showed significant differences in height,
with the highest growth rate noted in the group of pre-
school children, and the lowest in adolescents (p <0.001)
(see Tab. IlI).

Clinical factors

There were no significant differences in anthropometric
measurements or body composition at follow-up vs.
baseline depending either on the type of the tumor or the
intensity of treatment (see Tab. Ill and IV).

Social factors

The place of residence had no impact on changes in an-
thropometric measurements. However, the level of parental
education was associated with percentile BMI values: chil-
dren whose parents had a higher level of education more

often had underweight during treatment than children of
parents with a lower level of education (p = 0.0462) (see
Tab. V). Finally, the age of parents was associated with
changes in percentile BMI values: children of younger
parents (18-35 years) more often were underweight dur-
ing treatment than were children of older parents (>35)
(p =0.0108) (see Tab. V).

Discussion

In our study, we investigated clinical, demographic, and
social factors that might affect changes in the nutritional
status of children with cancer. Participants were char-
acterized according to cancer type (75% of patients had
hematological malignancies, of whom 50% were diagnosed
with acute lymphoblastic leukemia), intensity of treatment
(55% of patients received low/intermediate-intensity treat-
ment), sex (the male-to-female ratio was 2.07:1), age (40%
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Figure 1. Nutritional status of patients determined by percentile distributions [%]: A — undernutrition; B — overnutrition; BMI — body mass
index; MUAC — mid-upper arm circumference; SFsum — sum of subscapular and triceps skinfold thickness; UMA — upper arm muscle area

of school children vs. 30% of pre-school children and ado-
lescents), place of residence (52.5% of children from rural
areas), educational level of parents (57.2% of parents with
higher education), and age of parents (47.5% of parents
aged 36-45). The clinical and demographic characteristics
of the study population are similar to the epidemiology of
childhood cancer. The most common types of childhood
cancer are hematological malignancies (leukemias and
lymphomas), with higher incidence rates in boys (male-to-
-female ratio has been reported to range from 1:1to 1:4 in
the age group of 0-19 years) [15].

Current recommendations indicate that the proper as-
sessment of the nutrition status in patients with cancer
solely on the basis of weight and BMI may not be sufficient,
because these parameters can be influenced by tumor
mass, hydration status, as well as ascites and edema that
are often present in cancer patients [5, 16, 17]. Therefore,
in our study, apart from the standard parameters for the an-
thropometric assessment of the nutritional status (such as

weight, height, BMI), we used the recommended methods
based on arm anthropometry as well as lean body mass
(MUAC, UMA) and body fat mass assessment (AFI, SFsum).

A comparison of anthropometric and body composi-
tion measurements revealed that the mean weight of pa-
tients with cancer was higher than that in healthy children
(37.84 kg vs. 29.76 kg). In clinical practice, nutritional
status is assessed using age- and sex-specific percentile
rankings [10, 11]. This method was also used in our study.
In patients with cancer, weight and BMI percentile ranking
indicated malnutrition in 5% and 7.5% of cases, respective-
ly, while MUAC indicated malnutrition in 7.5% of cases. The
additional assessment of UMA reflecting lean body mass
allowed us to identify protein-energy malnutrition in 27.5%
of cases. Moreover, UMA deficiency was significantly more
common in patients with cancer than in controls.

There is very little literature on the nutritional status
in children with cancer compared to a control group. In
a Korean study, Yang et al. [18] assessed the nutritional

\ www.journals.viamedica.pl/acta_haematologica_polonica



Anna Milaniuk, Katarzyna Drabko, Changes in nutritional status of children with cancer

(g9 01 /8°0-)
T6C
(czorGv-)
GOLFTOY
(v 01 26°G-)
G.'0-
(¥GZzT 01 9T-)
8’8 F T80~
(GzgozrT-)
€e'T
(192 01 8-)
9GS F8E'T
(¢L016z0-)
¥
(ccorer-)
LFYE
(zL0162°0-)
¥
(y0191-)
LEGF60E-
(91 88T-)
G0
(¥G'CT 01 ET-)
60LFTT
(y0127-)
€e'T
(ccoro1-)
GELFSYT
(ev'e0188'T-)
GT0-
(¥G°CT 01 8-)
¥SSFTOT
(901 27-)
GLT
(czoror-)
89. F6ET

ww ‘wns4s

(LT'501€5°0)
7'€
(¢S ¥T 01 €07-)
66'7 T LTE
(6,201 /T°G-)
GLT-

(GG'6T 0} G2'TT-)

788+ 160
(96T 0} $G°G-)
1CT-

(9102 03 GE'OT-)

0’8 F¥E0-
(L 01 Z6'T-)
6.0

(9102 04 GL'TT-)

¥Z'8 FE]T
(TTTO0ZT9-)
vTe-
(TLY 0166°L-)
€97 F90°C-
(66901 /82-)
TLT

(GG'6T 01GLTT-)

6.TSTC
(627 01 /8°€-)
TTT-

(9T7°0Z 01 GE°0T-)

6ELFS0
(L6/90128°T-)
Gr'e
(gg'6T 04 9€72-)
9LLFTE
(eev 01 /8°€-)
8€'0-

(9T°0C 04 GL°TT-)

€4LF290

(zgortLC-)
86°0
(726 016G5°6-)
YEOFTLT
(297 2 92T-)
70
(87 TT 01 L TT-)
L6'GF 60
(6G°€ 0129°0)
IET
(eev 0129'9-)
YZEFYOT
L9ty 01 120-)
or'T
(8’ TT 0129'9-)
8V F 2T
(zor6ze-)
69T~
(8'8012TT-)
GT9FGT-
(6§ 2 89T-)
70
(87’ TT 016T°E-)
6LYFITT
(bL'€0162°0-)
TCT
(TL'601LTT-)
L'SFOr0
(GLT0128T-)
9¥°'0-
(LT'8 01 GG'6-)
TLYFYT0-
9Ty 01 61°'T-)
IET
(8Y'TT 01 LTT-)
67'GFGOT

10108 |RI100S pue ‘olydesgowsp ‘|ealuljo 01 SuipI0ooe dn-moj|0) 01 sUl|aSeq Wo) sislawesed uonisodwod Apog pue ouawodoiyiue ui sagueyd (| alqeL

(coe0rt-)
GL'0
(Gorgz-)
9CFTICT
(g7 0129°0-)
Gz0
(901 6G-)
9L TF6T0
(GLT01G0-)
g0
(gzorge-)
¥S'T F95°0
(ST 520-)
T
(90g67¢-)
TCTFVET
(go016-)
G0~
(gzo1g6-)
92'CF260-
(G'z0188°0-)
g0
(9agz-)
6ECTF 160
(3T 0160°0-)
Gz0
(gy01G6-)
v'ZFECO
(88°00188°0-)
Gz
(9mgz-)
rCTE0
(Gz 01 G0-)
g0
(Go1gg-)
YCTFTLO

wo ‘QvNIN

(Or'z01TT-)
79°0
(ce'zAtyC-)
TO'CF 670
(T80 6°T-)
120
(LrzorGT2-)
8/'CF98°0-
(€00 01 L¥'T-)
€8°0-
(reoorzre-)
ZTTFE6°0-
(T 01€80-)
820
(€601 TTY-)
GLTFLTO
(yz0- 0 y1g-)
9L'T-
(ey'z01GT'L-)
CGCTFEST-
(86001 76°'T-)
Gz0
(c6z01TTY-)
¥0'CFTC0-
(e€°00169°'T-)
7'0-
(¥G'z 01 GT°L-)
ST F690-
(6001 2°T-)
€70
(ogzorzre-)
9/ TFGE0-
(690 0+ 59'T-)
TC0-
(€6'C01GT'L-)
I€TF TS0~

Lu/3% ‘lINg

(T010)
0
J(gg00)
TTTF290
(GTY01GLT)
€
[(g'8010)
9G'CF6T'E
(¢r'801G.°9)
8
(0T 2 0)
8C'€ F8€'9
(8015°0)
g'e
(6010)
V'EF I8
(€010)

4
(0T 21 0)
TOEFGET
(GL'501G6Z°0)
gc
(g'g010)
STEFVYE
(G2G00)
Gl'T
(0T 01 0)
SYV'EFCEE
(go1G6z0)
€
(8010)
88CTTE
(g2 010)
GL'T
(0T 01 0)
6V EF V'S

wd ‘WYS1IeH

(€02 01 20°€-)
GeT
(50T 018'9-)
8C9F 88T
(TYorTe-)
SY'T
(LorgT-)
89'9 F99°0-
(522 01G6T°0)
60
(ceorze-)
L9TF¥6°0
(g0 36z0)
A
(S0T 1 °0T-)
TV FTVC
(TTOE9-)
v'e-
(L901GT-)
Z09FCE-)
(c0'goGeg-)
87T
(z6017°0T-)
STCTT
(GT'z 0186°0-)
G8'0
(0T 01GT-)
Z9'SFGST0
(L5e 01 G8'T-)
7’0
(L0YT°G-)
€LEF L0
(GG'Y 01 GLT-)
ST
(50T 01 GT-)
€0'9F95°0
39 WSiom

age
1U90SB|0pY

age |00YoS

age
|00yos-a.d

X3S 9|e|

X3S 9|euwa4

auwiean A
-Isusiul ygiH

swieal A
-Isusjul 81elp
-aWLIaUI/MOT

siowny pIjos

Sa10
-ueugijew |eo
-[30j01eWBH

Jajaweled

www.journals.viamedica.pl/acta_haematologica_polonica



Acta Haematologica Polonica 2024, vol. 55, no. 5

€
(0T 01 TT-)
9L'GFVST

(99 9G°C-)

ﬁ
(zz o1 91-)
806 FGLT

(€6T01LT-)

G'0-
(L0o1g-)
STYFH¥T0
(Go1GeT-)
19T

(#GCT 01 8-)
YESFITC

(59 0188T-)

L0V
(zz o 91-)
TEOTTLT

(#S'0- 0} G'9-)

€eT-
(901 TT-)
709 F69°C-
(FOv 01 T-)
ST
(901¢6-)
Tr'EFSTT

(Ge'9m8zZ-)

T6¢

(¥GeT 0 91-)

T98FECT
(Lorg-)
0
(ccoreT-)
€T8FSET

wuw ‘wns4{s

(Tyoy9e-)
€50
(7L 012G°8-)
687 FT00
(gL o1 gye-)
TTT
(G5'6T 01GL'TT-)
6L'8F 9T
(L¥°0- 01 60°€-)
8T~
(9T°0 019G -)
T8LF 120
(gg0sg-)
TL°0-
(GG°6T 01 GE'0T-)
6'9F 990
(962 1 ZT'Y)
zee
(9T'0C 1 GL'TT-)
TG6FGLT
(L0'9 1 2'G-)
16°C
(zL200ZG8-)
90°LF L0
(TLT 01 28T-)
€50
(TO9016672-)
9V F2C0-
(9g°L 01 2G°T-)
Ty
(G567 01 GE'0T-)
IT6FCEE
(G901 £0%-)
8.7~
(9T°02 01 GL°TT-)
9E'8FTCT

10108 |2100S pue ‘olydesSowap ‘|ealuljo 01 SuipI0ooe dn-mo||0) 0} 8Ul|aSeq Wo) sislawesed uonisodwod Apog pue ouawodoiyiue ui sagueyd *(uod) || ajqeL

(2901 ¥0T-)
14
(TL'6018G°C-)
ISYFTLT
(cavorgre-)
vT'T
(87 TT 0 L'TT-)
STOFGCT
(¥T'C 0} 2ET-)
TG0
(zg'c 016/2'8-)
STY F¥50-
(8T 01 9%°0-)
8TT
(TL60162°8-)
GEVFL8T
(TEY 01 6€T-)
€eC
(87 TT 01 L'TT-)
Y99FTET
(90- 1 6z°€-)
G0
(21’6 0165°6-)
TT9F VST~
(TeogzT-)
70'T
(8'8 01 87"7-)
8L EFTTT
(ygeorege-)
€T
(82601 L'TT-)
9v’L F¥0°0-
(6617 0169°T-)
T0T
(87 TT 016.'8-)
€TSFELT

W0 ‘VIAN

(zogz0-)
T
(oge-)
€TTFSOT
(g2 0162°0-)
G0
(90mgg-)
GLTFYLO
(88°001€2°0-)
GC0-
(Gcory-)
9L TFETO-
(Gzog0-)
G0
(901 9-)
TZFE60
(z 2 990-)
g0
(gorgg-)
98°CF L0
(Gz'0-01G¢-)
GLT-
(Geogg-)
9T FE€8°0-
(T01g0-)
G0
(GzorT-)
€TTFSP0
(8ez 01 T-)
G0
(901 GG-)
€L°€F¥690
(gz0180-)
G0
(R A
€€TFG90

wo ‘QvNIN

(91'T 01 66°0-)
99'0
(60 TTY-)
TCCTFIT0
(98001 6€°T-)
TT0
(GozorgTL-)
LETFEE0-
(€0-01297T-)
6CT-
(€0 019/°G-)
VLT F VY T-
(5001 9T°T-)
0
(Lr'zo9L6-)
/8T FIE0-
(TorzeT-)
9.°0
(6'C01GT'L-)
9LTF8T0-
(TT-096C-)
A%
(Goz o 1T v-)
6ECFVOT-
(Teo01zL0-)
20
(TOT O ETC-)
€6'0FTC0-
(GTTO1E]T-)
1T0-
(e6'z01GTL-)
GT'€ F89°0-
(66001 ¥77°C-)
LT0-
(G9Z019/°G-)
9T F¥5°0-

/3% ‘INg

(ST 010)
0
(gz20)
TO'T 890
(L01G70)
g€
(g'8010)
8CEFC8E
(801gz¢)
g'q
[(oT 010)
ITETGS
(8010)

14
(0T @ 0)
OV FL9€
(G 01g7)
g'e
(9oT)
GTFGE
(¥ 010)
g0
(9010)
9/2F0¢C
(¥ 010)

0
(ot 01 0)
Y9EF ST
(8018¢2)
Sy
(8 010)
TEF691
(9010)
€
(6010)
TTEFOCE

wd Ys1vH

(667 04 GLC-)
8T
(8014°07-)
TO'9F 290
(zgmG0g-)
14
(goT 01 GT-)
¥8'GF8TT
(86T 019°0-)
GZ0
(rc0192T-)
Y'Y F 8°0-
(T€0T10)
T
(LorozT-)
GGV FG8°0
(Lv 01G62°0-)
9C
(g0T 01 GT-)
TL9FGSOT
(Gzz- 01891-)
6'C-
(z601%°0T-)
er'9F8ET-
(TcoaGL0-)
T
(6'€01€9-)
€6CFEVO
(L9701 £8°0-)
7T
(801GT-)
¥LF 120
(gorge-)
€0
(goT 01 9ZT-)
96'GF 6.0

1 WBIvMm

eaJe djosnw wie Jaddn — AN {SSauXoIy} plojulys sdeow) pue Jejndeasgns JO WNS — WNSJS {90uaIajwnould wie saddn-piu — QYN Xopul ssew Apod — |G Xapul ey wie — 4y **(UoIeINPa Jo [aAs] pue ‘douapisal Jo aoeld
‘a3e 10}) 1581 SI|[BM-[RYSNIY 10 (X8S pue ‘Asusiul Juswieal) 4oued Jo adAy Joy) 158} Asunym 03 uuejy 3uisn pare|nojed a1am sisleweled oLjawodolyiue Ul sa0uaIaYIq “(1Xe) Ul papiroid sie senjea 0} d) seoualayipiueoyiudis, (€0 01 TO) Uelpew ‘(wnwixew/wnwiuiw) 4S ¥ Uesw se pajussaid eleq

(07 01 G2°0-)

92 Syuaied
J0 a3y

G 03 9¢
sjualed
10 98y

GE 01 QT
sjualed
J0 83y

Aysianiun
sjualed
10 uoneonp3

Klepuodas
sjualed
10 uoneonp3

Aleluswalo
sjualed Jo
uoneonp3

UMO)
0] Ueqin
30uapIsal
10 90e|d

A9 01 ueQIN
90UapISal
10 2%e|d

|eany
30uapIsal
10 90e|d

Jayawieled

www.journals.viamedica.pl/acta_haematologica_polonica



Anna Milaniuk, Katarzyna Drabko, Changes in nutritional status of children with cancer

(L°97)
(000 z
(0ge)  (0Ge)
€ €

(ogz)  (L97m)
€ 14
(L91) (0°G2)
4 €

cT=u
a3e jJuadsajopy

g g
(8'8T) (8'8T)
€ €

(gzT)

4 (z9T
(8'81) (0'g2)
€ v

(zT8)
g (z9)T
(8'8T) (8'8T)
€ €

9T =Uu
age jooyos

agy

(2'91)
z (00)0
((0)etd)
(€8)T €

cT=u
o8e |ooyds-aid

(TTm)

(000
(TT7)

(TT7)
©

(0w 4 € € % €
(tee)  (00) (TTD)  (L97) (00)
€ 0 4 € (Telc 0
(tee) (211 (L°9T1) (T'6)

(L07 € 14 € (Telc 14
S(geq) (22) (8r2) (r91) (Lz2) (00

A T g € g 0
(Tee) (g8e) (cee) (8L2) (c'8T)

€ g 7 g (Te)c 7
(000 (00 (00 (00)

(000 0 0 0 (000 0
(rer)  (TT1) (2°9T) (T6)

(L07 14 14 € (Telc 14

Agoy)  [(00) (822) (TTD) (28T)  (0°0)
9 0 S (4 v 0

ZgC = ujuaw
8T =U -Jeal) A)isuajul-

€T =U jJuswiealn -a)elpawidjul/

alewaq Ajsuajul-ysiH /-mo1

juswieal) Jo AJIsusau|

si010e) o1ydesFowap pue [ealuljd 01 SUIpJoooe dn-Mojj0) pUe aulaseq 1e sanjeA ajnuadsad Jo uonnquisia ‘Al a19eL

T T 9
(0oz) (001)  (2'9)
[4 T 4
(oot) (o0T) (00T
T T €
(00e) (002) (g€2T)
€ (@ L

T 14 S
(co) (00 (00
0 0 0
(oot) (o0T) (00T
T T €

(997)

(e'€2)

og=u
OT=U saoueugijew
siowin} pijos |eaigojolewaHy

199ued Jo adAL

ajosnw
usiy pue
ageJiane

anoqy

n

VIA

o3eJene
MoJaq pue
3|9SNW MO
SS90%X3

pue a3el
-9AR 9A0QY

IVNA

MO| pue
Mo| AIap

Ausaqgo pue
1S1omIanQ

INg

Ws1am
-lapun
yiy pue
|ewJou ayl
anA0qY

pUUEIETS

MO| pue
Kouajoneqg

955710 pue
1B1omIanQ

W3emiap
-un JoJ ysi
1e pue 3
-lomiapun

SI9M

Jajauieled

www.journals.viamedica.pl/acta_haematologica_polonica



Acta Haematologica Polonica 2024, vol. 55, no. 5

status of children with cancer based on weight, height, and

Q < o ~ ~ £ . L .
® NG ™ NG NG 2 BMI. Similarly to our study, no significant differences were
§ = = = N G noted between patients with cancer and healthy controls.
3 5 & 5 5 3 In our study, the incidence of malnutrition before treat-
o ™M A ~ sz ~ s ~ s | . . . . .
2 g 0 0 0 £ ment was lower in patients with hematological malignan-
‘§ cies than in patients with solid tumors. Our results are in
o % § % o g % line with the available literature that reports an incidence
& e 2] e © 3 of malnutrition of 5-10% for leukemias and 0-30% for
] c ;
o E solid tumors [19].
< — = — — °
& R uos o2 g2 g In our population, the incidence of malnutrition after
© I <3 ™ 3 . . .
= ~ treatment increased based on weight and BMI, while no
| . .pe
© . = . s g significant changes were noted for MUAC and UMA. On the
(q2] o q 2 s .
< "5 v °g ©g 3 other hand, overnutrition after treatment was diagnosed
_§ g more often based on fat assessment (SFsum and AFI) than
L . . .
§ N = o8 < o based on BMI. In patients with solid tumors, we noted a low-
e 5 (e} S (92} 5 . . . . .
o B < e © 8 erincrease in UMA and a higher percentage of patients with
2 low muscle and fat mass (AFI) after treatment, while pa-
— = farny < £ . . . . . .
S S5 ce = z tients with hematological malignancies showed an increase
= S 2« i in the incidence of overnutrition (based on AFl and SFsum
= .. L. . .
— = = —~ B assessment). Our findings are in line with the literature re-
< o~ < £ . . - e . .
™ 0 o0 = ™ < 2 porting a higher incidence of malnutrition in patients with
Sl = o = g ) . o
o . solid tumors as well as overweight and obesity in hema-
S . sz . . . . . .
3 = 5 F = 3 tological malignancies with concomitant protein-energet-
© g ~ £ . " .
S Yg °s g % B ic undernutrition [5, 8, 19-24]. In a Scottish study on the
= £ . . . . .
§ s nutritional status in patients with cancer, Iniesta et al. [25]
‘gﬂ « g « g. o 'r:‘ . g % concluded that arm anthropometry is a better reflection of
§ = = ~ g ¢ malnutrution than BMI, because it indicates abnormalities
o = . = R suggesting a worsening nutritional status (especially in the
> 0 o0 s . .
‘—; e N SN N RN g g first three months of treatment) and then overnutrition.
< N’} = < = T o . . . . . .
= e £ £ ge Our results are in line with these findings, while no or only
2 %ED 3 =0 =0 s = s é small changes in UMA or MUAC during treatment are like-
bl = Y& < [Q ~ = ™ © o E . .
e 5 T I o © < gs ly due to the fact that the time from baseline to follow-up
£ I o < ° o 27
g u‘g g ET% was too short to reveal any quantitative changes in lean
(&) = — = — 1S
<y = b % e ™0 = o) £ body mass assessed by these parameters
< = O QN g = y Yy p .
@ T 9N N © s < o s> ) L
£ 8 B < - 9 S T £4 Available studies indicate that the greatest changes
H = aE_) E é . . §§ in the nutritional status occur in the first months of treat-
3 9 = S5 < £3 ;
g 28 <2 ~ o g ) 2% ment [18, 25-27]. Yoruk et al. [27] assessed changes in
N7 L o = ™ c < . . . .
s = = g the nutritional status during the treatment of children with
Q g g S ) .
£ ” ) ) S 5 KEE cancer. They observed a significant improvement in the
4 = 5 = . . .
ﬁ - g Y99 g g i?,l- nutritional status during a 6-month treatment, despite an
= 2 § W initial deterioration irrespective of the type of cancer and
%) ° —_ —_ — — =2 . e . ipe
8 5 3 = Q o o 33 the risk of malnutrition. In our study, there were no signifi-
S NS ©02 «g oo TE . o ' .
g § @ S < = 9  £3 cant changes in the nutritional status during the mean fol-
% s _ o2 low-up of 9.32 months. Moreover, no significant changes
© - (@] o < $2 . . iy
3 § :% § o~ '5 o 8‘ -~ g ) Q' ERS in anthropometric or body composition parameters were
= B = — as . e .
:‘c_i ] § = = g e noted depending on the clinical characteristics of cancer.
pt 'g = = F - s &£ However, our study showed that the demographic and
o N =8 . o B N e
= 2E g = & °s @ 8 £k social characteristics of patients and their families affect-
o S 3 . . T .
5 5% ed the direction of changes in individual anthropometric
{2} o0
= \ ' ! | o 3 i i
i o ¢ ¢ % 5 @ ¢ B = parameters...Accordmg j[o the I|t§rature, factors tha'F can
2 i S o0& @ S o0&89g =5 shape nutritional behaviors of children, and thus their nu-
S B S50 3o 89 3LV <5 " . . .
;9 3 § E neo 3 ED% § ° péo 3 ?é)% 5y tritional status, include sex, age of the patient and their
i gg parents, place of residence, and educational level of par-
g & 14v SRS g3 ents [28]. In our study, sex was shown to influence the
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nutritional status of children with cancer. In children, dif-

o~ g o 2 o~ 3 o 2 E ferences in body composition can be seen during puberty.
= ) = S . o
= = = g Boys acquire more muscle mass, especially in the upper
= I~ = s 2 body, while girls show an increase in fat tissue [29-30].
e N¥ Yy Nx® i In our study, the median age of the girls fell during puber-
3 ty (n = 6, 46.2% teenagers). Boys were younger than girls
@ =~ © s = (n = 11, 40.7% school age). Boys showed a significant-
c ~ = © @ = 0 N > . . .
g o 2 e S £ ly higher increase in body mass, BMI, MUAC, UMA, AFI,
; _ _ . E and SFsum. After treatment, a higher percentage of boys
8 nE <3 o g‘ 03 ;g showed greater muscle mass (MUAC, UMA) and fat mass
=< = a = S 3 (AFI, BMI) compared to girls, but the differences were not
. 5 _ 5 i significant. Unlike boys, girls more often had malnutrition
°o3 ~g ©°3 =g ] (low weight, BMI) after treatment. Moreover, the highest
= = s rates of excessive fat tissue (AFI, SF sum) after treatment
S S s 5 = were observed in the group of teenagers. We did not identi-
— oS — S o ”mn S J .
= = e @ 5 fy any other study that has reported that male sex is a pro-
E tective factor against malnutrition. It is possible that the
> - 3 ~ % - g - % g mean age of girls and boys influenced our results, but this
2 Q = = = = 2 hypothesis requires further research.
2 — - The age of children was significantly associated with
E = - = ) ™~ @ ; ; i
Ng 0 & g Lo & £ the growth rate, with the highest rates in pre-school
— b children and the lowest in teenagers (>13 years). We
32 i
g o3 %) o8 - I 2 also found that children of parents aged over 46 had
[92] S . . .
2 gﬁ =) & =) & = the least height gain, and children of younger parents
g § E _ . % (18-35) had the most height gain. The median height
3 3 _ g « % = g s = in the study group was higher than in the control group
§ = = = e g (145 cm vs. 123 cm) and was significantly higher after
. = _ ~ 2 treatment than at baseline (150 cm vs. 145 cm). Few pro-
o v . . . .
2 °cs Ty ©° g g ¥ spective studies have assessed the growth rate in patients
o - § g with cancer. In a review paper, Iniesta et al. indicated that
E ™ D D @ 2% of the 13 studies that analyzed growth, only five included
i} N ™ °3 e N ™ S 2 . .
el = = el SE changes in growth after treatment. One of these studies
. _ . _ § g showed normal growth compared to national norms, and
o % e N § e < ;)- §j four studies showed higher growth, although the mean
2 - - — - e §§ growth rate was lower than the average. These studies
£ E & & = = g¢ assessed mainly children with acute lymphoblastic leu-
© . g2 . .
g 5 °8 &8 Te P& £ kemia, and they usually showed normal growth on diag-
g o § £ nosis. However, a significant reduction in the growth rate
w 5 5 = s £3 - | intai i
< § z o (L: o - 8 o 8 S8 was shown durmgtregtmentand this was maintained un
S 7 ° = @ = o £7 til treatment completion [17].
.l - S . . g Growth abnormalities are one of the late complica-
'l o 2 o S S S =4 i ;
S o o °3 N 5 < tions of cancer treatment. The results of a study assessing
% o = = = g”g the health of Polish children and adolescents after can-
= 5 © 5 g 8t cer treatment showed high rates of short stature. Of the
% s °8 T ®¥ Lz 1,761 participants whose health status was assessed five
ey g § years after treatment completion, obesity or short stature
o — — o < . .
c ) 19) ) @ £5 alone (21.4%) and a variety of endocrine problems (short
o & N °3 © oo 52 s ] :
E ~ — = o ;n__g g stature, obesity, thyroid dysfunction, and gonadal toxic-
:é . . 83 ity) were present in 323 patients (118 females, 15.0%;
2 22 e T & % - T B 35 205 males, 21.0%) [9]. Our findings add to the current
£ cz, 208 2z oS53 ;) literature on growth in childhood cancer, but they are not
S B S2%H SHWS s2H TBS 3 - )
g £ S8c 25 488 25 £45 sufficient to determine whether the absence of growth ab-
2 g Y WNs4S §‘§ normalities would be maintained in a longer-term follow-up
< 58 after treatment.
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Although in our study the place of residence did not
have a significant effect on the nutritional status, we noted
that an increase in muscle mass after treatment was the
highest in children from rural areas. These patients most
often showed UMA measurements indicating muscle mass
that was above the norm and high.

Higher educational level of the parents was significantly
associated with low BMI. However, these patients showed
improvement in muscle mass and fat tissue mass after
treatment; therefore, this observation should be treated
with caution.

Younger age of the parents influenced low BMI, as
confirmed by a smaller increase in body mass, MUAC, and
UMA, and an increase in the percentage of children with
low values of these parameters.

This was a prospective study involving pediatric pa-
tients with cancer. Few such studies have been conduct-
ed, although this is an important issue in the context of
improving the nutritional status of children with cancer. In
addition to the most common clinical factors, we assessed
the demographic and social factors of patients’ families
that can lead to poor nutritional status (malnutrition, ex-
cess weight and obesity). Assessment of body composi-
tion was performed using low-cost and simple methods,
but Frisancho centiles were required for interpretation,
as more recent methods are not available. It is therefore
necessary to update the norms for arm anthropometry
measurements.

There were some other limitations to this study. One
was the small sample size, which may have affected the
statistical significance of the results. Another limitation was
the problem of selecting a control group that reflected all
the demographic and social factors of the study group. As
a result, it was not possible to observe changes in the nu-
tritional status of healthy children over the course of the
study. In addition, the study group included patients with
hematological malignancies who were at low risk of mal-
nutrition but at high risk of overnutrition, and patients with
solid tumors who were at high risk of malnutrition. A more
narrowly selected group of patients would facilitate a more
reliable determination of the impact of the analyzed fac-
tors, especially clinical factors such as the treatment used,
and the occurrence of malnutrition and overnutrition in pa-
tients. Due to time constraints, the number of patients in
our study was not sufficient to analyze the data on a larg-
er scale. However, we believe that our study will inspire
other researchers.

Conclusions

Our study highlights the importance of supportive care for
children with cancer. Children with cancer have changes
in nutritional status compared to healthy children. Body
composition can be used to identify these changes with

greater accuracy than anthropometric measurements,
such as weight, height, BMI, and arm anthropometry. The
monitoring of protein-energy and fat nutrition helps identify
cancer patients with undernutrition and overnutrition. The
risk of changes in nutritional status can be determined
based on selected clinical, demographic, and social factors.
Female patients have a higher risk of malnutrition, and
therefore should receive special nutritional support. Edu-
cation on nutrition in cancer should be provided to parents,
particularly in the 18 to 35 age group. Further studies are
needed to identify patients at risk of undernutrition, which
will help improve the management of these patients during
and after treatment.

Article information and declarations

Data availability statement
Data is provided within the manuscript or supplementary
information files.

Ethics statement

This study was performed in line with the Declaration of
Helsinki and was approved by the Ethics Committee of
the Medical University of Lublin (26 Sept. 2019/No KE-
0254/278/2019). Informed consent was obtained from
all parents of children included in the study.

Authors’ contributions

All authors contributed to study conception and design.
Material preparation, data collection and analysis were
performed by AM. First draft of manuscript was written
by AM, and all authors commented on previous versions
of manuscript. KD supervised study. All authors read and
approved the final manuscript.

Funding
None.

Acknowledgments
Not applicable.

Conflict of interest
The authors declare no conflict of interest.

Supplementary material

The Supplementary Material for this article can be found
online at Journal’s website.

References

1. Joffe L, Schadler KL, Shen W, et al. Body Composition in Pediatric Sol-
id Tumors: State of the Science and Future Directions. J Natl Cancer
Inst Monogr. 2019; 2019(54): 144-148, doi: 10.1093/jncimono-
graphs/1gz018, indexed in Pubmed: 31532526.

www.journals.viamedica.pl/acta_haematologica_polonica /


https://journals.viamedica.pl/acta_haematologica_polonica/article/view/101236
http://dx.doi.org/10.1093/jncimonographs/lgz018
http://dx.doi.org/10.1093/jncimonographs/lgz018
https://www.ncbi.nlm.nih.gov/pubmed/31532526

Acta Haematologica Polonica 2024, vol. 55, no. 5

10.

11.

12.

13.

14.

15.

16.

Barr RD, Stevens MCG, Barr RD, et al. The influence of nutrition
on clinical outcomes in children with cancer. Pediatr Blood Cancer.
2020; 67 Suppl 3: 28117, doi: 10.1002/phc.28117, indexed in
Pubmed: 32134218.

Sala A, Pencharz P, Barr RD, et al. Children, cancer, and nutri-
tion-A dynamic triangle in review. Cancer. 2004; 100(4): 677-687,
doi: 10.1002/¢ncr. 11833, indexed in Pubmed: 14770421.

Brinksma A, Sulkers E, Kouwenberg D, et al. Changes in body
size and body composition in survivors of childhood cancer: sev-
en years follow-up of a prospective cohort study. Clin Nutr. 2022;
41(12): 2778-2785, doi: 10.1016/j.cInu.2022.10.021, indexed in
Pubmed: 36372048.

Viani K, Trehan A, Manzoli B, et al. Assessment of nutritional status
in children with cancer: A narrative review. Pediatr Blood Cancer.
2020; 67 Suppl 3: €28211, doi: 10.1002/pbc.28211, indexed in
Pubmed: 32096326.

Sala A, Rossi E, Antillon F, et al. Nutritional status at diagnosis is relat-
ed to clinical outcomes in children and adolescents with cancer: a per-
spective from Central America. Eur J Cancer. 2012; 48(2): 243-252,
doi: 10.1016/j.ejca.2011.06.006, indexed in Pubmed: 21737253.
Yaprak DS, Yalcin B, Pinar AA, et al. Assessment of nutritional status
in children with cancer: Significance of arm anthropometry and se-
rum visceral proteins. Pediatr Blood Cancer. 2021; 68(1): €28752,
doi: 10.1002/pbc.28752, indexed in Pubmed: 33034161.

Co-Reyes E, Li R, Huh W, et al. Malnutrition and obesity in pediatric
oncology patients: causes, consequences, and interventions. Pediatr
Blood Cancer. 2012; 59(7): 1160-1167, doi: 10.1002/pbc.24272,
indexed in Pubmed: 22948929.

Krawczuk-Rybak M, Panasiuk A, Stachowicz-Stencel T, et al. Health
status of Polish children and adolescents after cancer treatment. Eur
J Pediatr. 2018; 177(3): 437-447, doi: 10.1007/s00431-017-3066-X,
indexed in Pubmed: 29273944,

WHO Child Growth Standards. Revista chilena de pediatria. 2009;
80(4), doi: 10.4067/s0370-41062009000400012.

Szajewska H, Hovarth A, Murkowicz A. Zywienie i leczenie zywieniowe
dzieci i mtodziezy. Medycyna Praktyczna, Krakéw 2017.
Woynarowska B, Palczewska I, Oblacinska A, et al. Standardy WHO
rozwoju fizycznego dzieci w wieku 0-5 lat. Siatki centylowe dtugosci/
/wysokosci i masy ciata, wskaznika masy ciata BMI i obwodu gtowy.
Med Wieku Rozw. 2012; 16(3).

Palczewska |, NiedZzwiecka Z. Siatki Centylowe Do Oceny Rozwoju
Somatycznego Dzieci i Mtodziezy. Zaktad Rozwoju Dzieci i Mtodziezy
Instytutu Matki i Dziecka. 1999.

Frisancho AR. Anthropometric Standards for the Assessment of
Growth and Nutritional Status. Ann Arbor (MI):University of Michigan
Press. 1990.

Steliarova-Foucher E, Colombet M, Ries LAG, et al. lICC-3 contribu-
tors, [ICC-3 contributors. International incidence of childhood can-
cer, 2001-10: a population-based registry study. Lancet Oncol. 2017;
18(6): 719-731, doi: 10.1016/S1470-2045(17)30186-9, indexed in
Pubmed: 28410997.

Ladas EJ, Arora B, Howard SC, et al. A Framework for Adapted Nutri-
tional Therapy for Children With Cancer in Low- and Middle-Income
Countries: A Report From the SIOP PODC Nutrition Working Group.
Pediatr Blood Cancer. 2016; 63(8): 1339-1348, doi: 10.1002/
pbc.26016, indexed in Pubmed: 27082376.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Iniesta RR, Paciarotti I, Brougham MFH, et al. Effects of pediatric can-
cer and its treatment on nutritional status: a systematic review. Nutr
Rev. 2015; 73(5): 276-295, doi: 10.1093/nutrit/nuu062, indexed in
Pubmed: 26011902,

Yang HR, Choi HS, Yang HR, et al. A prospective study on changes
in body composition and fat percentage during the first year of can-
cer treatment in children. Nutr Res Pract. 2019; 13(3): 214-221,
doi: 10.4162/nrp.2019.13.3.214, indexed in Pubmed: 31214289.
Brinksma A, Huizinga G, Sulkers E, et al. Malnutrition in childhood
cancer patients: a review on its prevalence and possible causes. Crit
Rev Oncol Hematol. 2012; 83(2): 249-275, doi: 10.1016/j.critrev-
onc.2011.12.003, indexed in Pubmed: 22264939.

Lindsay Frazier A, Orjuela-Grimm MA, Dietz W, et al. Obesity in Pediatric
Oncology: Assessment, Treatment Strategies, and Knowledge Gaps.
J Natl Cancer Inst Monogr. 2019; 2019(54): 139-143, doi: 10.1093/
jncimonographs/1gz024, indexed in Pubmed: 31532527.
Goodenough CG, Partin RE, Ness KK, et al. Skeletal Muscle and Child-
hood Cancer: Where are we now and where we go from here. Aging
Cancer. 2021; 2(1-2): 13-35, doi: 10.1002/aac2.12027, indexed in
Pubmed: 34541550.

Runco DV, Stanek JR, Yeager ND, et al. Malnutrition identification and
management variability: An administrative database study of children
with solid tumors. JPEN J Parenter Enteral Nutr. 2022; 46(7): 1559-
-1567, doi: 10.1002/jpen.2329, indexed in Pubmed: 35040171.
Bauer J, Jurgens H, Friihwald MC, et al. Important aspects of nutrition
in children with cancer. Adv Nutr. 2011; 2(2): 67-77, doi: 10.3945/
an.110.000141, indexed in Pubmed: 22332035.

Murphy AJ, White M, Elliott SA, et al. Body composition of children
with cancer. Am J Clin Nutr. 2010; 92(1): 55-60, doi: 10.3945/
ajcn.2010.29201, indexed in Pubmed: 20484453.

Revuelta Iniesta R, Paciarotti I, Davidson |, et al. Nutritional status
of children and adolescents with cancer in Scotland: A prospective
cohort study. Clin Nutr ESPEN. 2019; 32: 96-106, doi: 10.1016/.
clnesp.2019.04.006, indexed in Pubmed: 31221298.

Kellerman I, Blaauw R, Schoeman J, et al. Changes in anthropometri-
cal status and body composition in children with cancer during initial
chemotherapy. Pediatr Hematol Oncol. 2023; 40(7): 659-672, doi: 1
0.1080/08880018.2023.2201299, indexed in Pubmed: 37092844.
Yoruk MA, Durakbasa CU, Timur C, et al. Assessment of Nutrition-
al Status and Malnutrition Risk at Diagnosis and Over a 6-Month
Treatment Period in Pediatric Oncology Patients With Hematologic
Malignancies and Solid Tumors. J Pediatr Hematol Oncol. 2019; 41(5):
e308-e321, doi: 10.1097/MPH.0000000000001350, indexed in
Pubmed: 30475301.

Scaglioni S, De Cosmi V, Ciappolino V, et al. Factors Influencing Chil-
dren’s Eating Behaviours. Nutrients. 2018; 10(6), doi: 10.3390/
nu10060706, indexed in Pubmed: 29857549.

Kanehisa H, lkegawa S, Tsunoda N, et al. Cross-sectional areas of fat
and muscle in limbs during growth and middle age. Int J Sports Med.
1994; 15(7): 420-425, doi: 10.1055/s-2007-1021081, indexed in
Pubmed: 8002122.

Tanner JM, Hughes PC, Whitehouse RH, et al. Radiograph-
ically determined widths of bone muscle and fat in the upper
arm and calf from age 3-18 years. Ann Hum Biol. 1981; 8(6):
495-517, doi: 10.1080/03014468100005351, indexed in
Pubmed: 7337414.

www.journals.viamedica.pl/acta_haematologica_polonica


http://dx.doi.org/10.1002/pbc.28117
https://www.ncbi.nlm.nih.gov/pubmed/32134218
http://dx.doi.org/10.1002/cncr.11833
https://www.ncbi.nlm.nih.gov/pubmed/14770421
http://dx.doi.org/10.1016/j.clnu.2022.10.021
https://www.ncbi.nlm.nih.gov/pubmed/36372048
http://dx.doi.org/10.1002/pbc.28211
https://www.ncbi.nlm.nih.gov/pubmed/32096326
http://dx.doi.org/10.1016/j.ejca.2011.06.006
https://www.ncbi.nlm.nih.gov/pubmed/21737253
http://dx.doi.org/10.1002/pbc.28752
https://www.ncbi.nlm.nih.gov/pubmed/33034161
http://dx.doi.org/10.1002/pbc.24272
https://www.ncbi.nlm.nih.gov/pubmed/22948929
http://dx.doi.org/10.1007/s00431-017-3066-x
https://www.ncbi.nlm.nih.gov/pubmed/29273944
http://dx.doi.org/10.4067/s0370-41062009000400012
http://dx.doi.org/10.1016/S1470-2045(17)30186-9
https://www.ncbi.nlm.nih.gov/pubmed/28410997
http://dx.doi.org/10.1002/pbc.26016
http://dx.doi.org/10.1002/pbc.26016
https://www.ncbi.nlm.nih.gov/pubmed/27082376
http://dx.doi.org/10.1093/nutrit/nuu062
https://www.ncbi.nlm.nih.gov/pubmed/26011902
http://dx.doi.org/10.4162/nrp.2019.13.3.214
https://www.ncbi.nlm.nih.gov/pubmed/31214289
http://dx.doi.org/10.1016/j.critrevonc.2011.12.003
http://dx.doi.org/10.1016/j.critrevonc.2011.12.003
https://www.ncbi.nlm.nih.gov/pubmed/22264939
http://dx.doi.org/10.1093/jncimonographs/lgz024
http://dx.doi.org/10.1093/jncimonographs/lgz024
https://www.ncbi.nlm.nih.gov/pubmed/31532527
http://dx.doi.org/10.1002/aac2.12027
https://www.ncbi.nlm.nih.gov/pubmed/34541550
http://dx.doi.org/10.1002/jpen.2329
https://www.ncbi.nlm.nih.gov/pubmed/35040171
http://dx.doi.org/10.3945/an.110.000141
http://dx.doi.org/10.3945/an.110.000141
https://www.ncbi.nlm.nih.gov/pubmed/22332035
http://dx.doi.org/10.3945/ajcn.2010.29201
http://dx.doi.org/10.3945/ajcn.2010.29201
https://www.ncbi.nlm.nih.gov/pubmed/20484453
http://dx.doi.org/10.1016/j.clnesp.2019.04.006
http://dx.doi.org/10.1016/j.clnesp.2019.04.006
https://www.ncbi.nlm.nih.gov/pubmed/31221298
http://dx.doi.org/10.1080/08880018.2023.2201299
http://dx.doi.org/10.1080/08880018.2023.2201299
https://www.ncbi.nlm.nih.gov/pubmed/37092844
http://dx.doi.org/10.1097/MPH.0000000000001350
https://www.ncbi.nlm.nih.gov/pubmed/30475301
http://dx.doi.org/10.3390/nu10060706
http://dx.doi.org/10.3390/nu10060706
https://www.ncbi.nlm.nih.gov/pubmed/29857549
http://dx.doi.org/10.1055/s-2007-1021081
https://www.ncbi.nlm.nih.gov/pubmed/8002122
http://dx.doi.org/10.1080/03014468100005351
https://www.ncbi.nlm.nih.gov/pubmed/7337414

