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Abstract
Background/Aim: Malnutrition is a dangerous comorbidity in children with cancer that can affect tolerance
to treatment modalities such as chemotherapy and radiotherapy. It also adversely affects the treatment
outcome and overall survival. It has been known that low Z score of body mass index (BMI) indicates
malnutrition. This study aims to underline the effects of oral nutritional supplementation (ONS) on pediatric
oncology patients.
Methods: All records were collected from Kocaeli University Hospital, Department of Pediatric Oncology,
Kocaeli, Turkey, and analyzed. Weight, height, and BMI status of sixty patients who received ONS with
cancer treatment were recorded during visits up to 8 months after the start of ONS. Statistical analyses were
maintained on the whole cohort as well as on following tumor sub-groups: CNS tumors (13.3%), lymphoma
(18.3%), other tumors (68.3%).
Results: Sixty malnourished pediatric oncology patients (64.6% male, 35.4% female) were included in the
study cohort. BMI values of the majority (60%, P<0.05) of patients increased after ONS treatment while
those of 40% decreased. BMI values also increased in the case of other tumors and lymphoma sub-groups
(P<0.001 and P=0.012, respectively).
Conclusion: This study underlined the benefits of ONS treatment in terms of BMI status among pediatric
oncology patients. The recovery rate of nutritional status depends on malignancy, cancer type and location.
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Introduction
Poor nutrition is detrimental for all stages of life
including childhood [1] and under-nutrition is linked to lower
survival rates among children in low- and middle-income
countries [2]. The presence of malnutrition as a comorbidity with
severe disease states such as malignancy can critically influence
the outcome. The underlying oncologic pathology as well as the
adverse effects of treatment regimens such as chemotherapy and
radiotherapy lead to weight loss and malnourishment in pediatric
oncology patients [3]. Weight loss and malnutrition in cancer is
hypothesized to be induced by insufficient energy intake and
inflammation [4]. Inadequate energy intake leads to loss of fat
mass whereas inflammation mostly leads to loss of muscle mass.
An additional risk factor is cachexia in these patients, possibly
resulting from depletion of body protein mass [5]. Collectively,
these factors affect tolerance to treatment modalities such as
chemotherapy and radiotherapy, lead to discontinuation of the
treatment more frequently [6-8] and ultimately adversely
influence the treatment outcome and overall survival [9, 10].
Body mass index (BMI), a formula based on weight and
height, is a widely accepted measurement of nutritional state along
with conventional measurements, such as ideal body weight
(IBW) and weight-for-height (WFH). It is known that negative
and positive Z scores of BMI indicate malnutrition and
overnutrition, respectively [11, 12]. BMI is also accepted by
World Health Organization (WHO) as a significant and costeffective measurement for monitoring the nutritional state [13,
14].
Not only under-nutrition but also over-nutrition may
result in poor clinical outcomes such as increased rate of relapse
and mortality in patients treated for cancer [15]. While survivors
of most childhood cancers are at risk for weight loss, survivors of
some malignancies such as ALL and brain tumors have been
shown to be at risk for weight gain due to the treatment they
received for cancer [16].
Enteral feeding is safe and effective in pediatric oncology
patients, leads to weight gain and corrects nutritional status.
However, the correlation between oral feeding and the magnitude
of the benefit in different cancer types has not been fully
investigated [17]. This is a retrospective study aiming to
demonstrate the probable impact of oral nutritional
supplementation (ONS) in BMI scores in children with
heterogenous malignancies.

Materials and methods
A retrospective cohort was formed from pediatric
oncology patients aged between 0-18 years who were treated for
cancer in Pediatric Oncology department of Kocaeli University,
Medical Faculty. Appropriate oncology patients were identified
by a retrospective scan of the medical records. Study inclusion
criteria consisted of oncology patients who received a
conventional anti-cancer treatment.
Weight, height and BMI statuses of the patients who
received nutritional support along with cancer treatment were
followed up for a period of 8 months post-ONS [18]. Tumor subgroups were organized as follows: CNS tumors, lymphoma, and
other tumors with the majority being Wilms tumor, Ewing
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sarcoma, neuroblastoma, and rhabdomyosarcoma with the
addition of less frequent tumor types.
Initially, sixty-five patients were identified from the
medical records. Five patients who discontinued treatment were
excluded. Patients less than 2 years of age were excluded from the
BMI-z score analysis but were included in BMI analysis.
Diagnosis of malnutrition was based on weight-for-height (WFH)
-2 SD threshold, coherent with WHO. Gender age and adjusted zscores were calculated using raw BMI values according to growth
charts for patients between 2–18 years of age. In the case of
measurements belonging to patients <24 months of age, BMI
scores were replaced with length-for-weight (LFW) [19].
Ethical Approval
All procedures involving study participants were
approved by Kocaeli University Non-interventional Clinical
Research ethics committee, Istanbul on 19.06.2019 with session
number 1037. Informed patient consents were obtained from the
legal guardians of all patients prior to the study.
Statistical analysis
All statistical analyses were maintained by MedCalc
Statistical Software version 12.7.7 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2013) program.
Normality of the data was checked with the Shapiro-Wilk test.
Wilcoxon test was used to evaluate the statistical relationship
between two dependent non-parametric data sets. Parametric data
were assessed with repeated measures ANOVA, followed by
Wilks’ lambda multivariate test. Bonferroni correction (P<0.05)
was used in pairwise analysis in repeated measures ANOVA.
Statistical significance was evaluated at P<0.05.

Results
Study cohort consisted of sixty malnourished pediatric
oncology patients (64.6% male, 35.4% female). Statistical
analyses were performed on the whole cohort as well as on
following tumor sub-groups: CNS tumors (13.3%), lymphoma
(18.3%), other tumors (n=41, 68.3%), which included Wilms
tumor, Ewing sarcoma, neuroblastoma, rhabdomyosarcoma, and
less frequent tumor types.
Mean overall ONS treatment period was 3 months. The
BMIs of 36 (60%, P<0.05) patients increased while that of 24
patients (40%) decreased after ONS treatment (Figure 1 and Table
1). BMIs mostly increased in patients with other tumors (BMI
increase in 24 patients versus BMI decrease in 17 patients,
P<0.001) and lymphoma (BMI increase in 8 patients versus BMI
decrease in 3 patients, P=0.012) sub-groups. Despite the
insignificant result obtained in the CNS sub-group (P=0.068), it
showed a p value close to the threshold of significance (P<0.05)
in terms of BMI improvement (BMI increase in 4 patients versus
BMI decrease in 4 patients, P=0.068) (Table 2).
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Figure 1: Impact of oral nutritional supplementation on body mass index in pediatric cancer
patients

Table 1: First visit versus last visit BMI values of pediatric cancer patients in different tumor
sub-groups according to BMI increase or decrease after nutritional intervention
Group

Disease type

Pre-ONS BMI
n=60

BMI Increase

Lymphoma, mean (SD)
Med. (Min.-Max.)
CNS Tumors, mean (SD)
Med. (Min.-Max.)
Other Tumors, mean (SD)
Med. (Min.-Max.)
All Patients, mean (SD)
Med. (Min.-Max.)
Lymphoma, mean (SD)
Med. (Min.-Max.)
CNS Tumors, mean (SD)
Med. (Min.-Max.)
Other Tumors, mean (SD)
Med. (Min.-Max.)
All Patients, mean (SD)
Med. (Min.-Max.)
All Patients
BMI increase, n (%) versus
BMI decrease, n (%)

15.8 (3.1)
15.3 (11.1-20.1)
15.6 (1.9)
15.6 (13.2-18.1)
15.5 (2.7)
14.8 (11.7-24)
15.6 (2.6)
15.2 (11.1-24)
18.7 (4.6)
17.9 (14.6-23.7)
15.7 (2.1)
15.4 (13.7-18.3)
17.2 (2.8)
16.7 (13.8-24.0)
17.1 (2.9)
16.7 (13.7-24)
0.037
36 (60%) versus 24 (40%)

BMI Decrease

P-value

Post ONS BMI
(8th Month)
n=60
16.6 (3.0)
16.5 (11.7-20.2)
16.4 (1.8)
16.1 (14.5-18.8)
17.1 (3.6)
15.9 (11.9-29.7)
16.9 (3.2)
16.0 (11.7-29.7)
17.7 (4.9)
17.3 (13-22.8)
14.6 (1.9)
14.9 (12.2-16.5)
16 (2.9)
15.8 (11.3-23.3)
16.0 (3.0)
15.8 (11.3-23.3)

SD: Standard deviation, Med: median, CNS: central nervous system

Table 2: First visit versus last visit BMI z-score values and their p values of pediatric cancer
patients in different tumor sub-groups according to BMI increase or decrease after nutritional
intervention
Group

Disease Type

Pre-ONS BMI
n=60

BMI Zscore
Increase

Lymphoma, mean (SD)

-0.7 (1.9)

Post ONS BMI (8th
Month)
n=60
0.37 (1.5)

Med. (Min.-Max.)
CNS Tumors, mean (SD)
Med. (Min.-Max.)
Other, mean (SD)

-0.8 (-3.4-2.3)
-1.9 (1.4)
-2.3 (-2.9--0.4)
-1.8 (2.2)

0.22 (-1.05-2.6)
0.46 (1.4)
-0.27 (-0.49-2.1)
-0.9 (2.0)

Med. (Min.-Max.)
P-value ²
Lymphoma, mean (SD)

-1.3 (-9.1-0.8)
0.531
-0.06 (0.9)

-0.53 (-7.8-1.5)
0.321
-0.72 (1.0)

Med. (Min.-Max.)
CNS Tumors, mean (SD)
Med. (Min.-Max.)
Other, mean (SD)
Med. (Min.-Max.)
P-value ²

-0.1 (-1-0.98)
0.48 (0.9)
0.95 (-1-1.04)
-0.17 (1.5)
-0.23 (-2.8-1.9)
0.705

-0.68 (-1.79-0.24)
-1.12 (2.0)
-0.6 (-3.9-0.55)
-1.21 (2.1)
-1.21 (-5.6-1.67)
0.953

BMI Zscore
Decrease

Pvalue
0.028

0.109
<0.00
1

0.068

0.068
0.001

SD: Standard deviation, Med: median, CNS: central nervous system, BMI z-score: BMI-for-age percentile

Discussion
Prevalence of malnutrition at diagnosis in children with
cancer ranges between 10-50% in industrialized countries and
reach levels as high as 50% in developing countries [3].
Furthermore, frequent complications of chemotherapy and
radiotherapy such as oral and GI mucositis complicate the
attempts to correct the nutritional status via oral feeding and lower
the quality of life for the children [20]. The risk of developing
these complications depend partly on specific combination of
chemotherapeutic agents utilized in the treatment for specific
cancers [21] and partly on the specific cancer type being treated
[22]. Timely and accurate identification of changes in BMI during
treatment will facilitate the implementation of preventive

measures and improve the outcome. This is also important as
nutritional status at diagnosis is a predictor of weight outcome at
final height in patients who received radiotherapy or
chemotherapy [23].
Brinksma et al. [24] showed that the greatest changes
occur in the BMIs of children under treatment for hematological,
solid and brain malignancies within 3 months of diagnosis.
Decreased level of activity and tube feeding were both identified
as significant contributing factors to increased fat mass percentage
(FM) and BMI, respectively. In our study, we observed that
significantly more patients have shown an increase in BMI than
those who have shown a decrease when treated with oral
nutritional supplementation. This finding is in line with previous
observations for benefits of enteral feeding in pediatric oncology
patients [17]. However, it should be kept in mind that low initial
BMI at the time of diagnosis in cancer patients can contribute to
relative increases in BMI. This may also be due to exceedingly
increased energy intake relative to energy requirements. For
example, low level of activity is associated with increased body
weight in patients treated with cancer, mainly due to increased FM
[27, 28]. Furthermore, in this study, patients with brain
malignancies showed an increase in BMI that started immediately
after diagnosis; whereas patients with hematological and solid
malignancies showed an initial decrease followed by an increase
later in the course. Stagnation of growth in height was also a
contributing factor to BMI increase. In contrast, other studies
reported an increase in BMI from the start of treatment in patients
with ALL [18-22, 24, 25] and craniopharyngioma [26].
Protein needs must be met to treat or prevent undernutrition in these patients while energy intake must be well
balanced with the level of physical activity. Corticosteroid use as
part of anti-cancer regimens is another contributing factor that
should be considered in persons with increased BMI, as
corticosteroids change body composition [29-31]. In children with
lymphoma whose treatment regimen included corticosteroids, FM
increased in the first 6 months of the treatment whereas in patients
with solid tumors, FM remained the same [31]. Moreover, in
lymphoma, the incidence of oral mucositis and associated
gastrointestinal adverse events such as anorexia, diarrhea and
dysphagia are high, which negatively effects both the nutritional
status and the quality of life of the patient [20].
The reason that we could not detect a change in BMI
among patients with CNS tumors may be because change in body
composition is more valid for CNS tumors and thus, only
measuring body weight and height is not enough; body
composition by fat free mass (FFM) and FM should be measured
in this group [24, 32]. Low FFM may result in loss of muscle
strength, intolerance to chemotherapy, increased susceptibility to
infections and poor treatment outcome.
Limitations
The number of patients included in the study is low,
which negatively effects the statistical significance of the results.
We acknowledge that FFM is an important factor when assessing
nutritional status in patients with cancer and absence of FFM is a
limitation to our study. As the design of our study is retrospective,
some of the missing measurements in patient records such as
triceps skin fold thickness (TSFT) that estimates fat mass (FM)
and mid-upper arm circumference (MUAC) that estimates lean
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body mass (LBM) [2, 5] have limited our results. Tools such as
Bio-electrical impedance assessment (BIA) and dual energy x-ray
absorptiometry (DXA), which would be more precise in showing
these variables, are not currently in use in routine clinical practice
in the country.
Conclusion
This study underlined the benefits of ONS treatment in
terms of BMI status among pediatric oncology patients. However,
it should be noted that the recovery rate of nutritional status
depends on the malignancy type and location. Further studies with
larger cohorts are required to demonstrate the rate of improvement
for each tumor sub-group to estimate the type of the nutritional
intervention more fittingly.

Oral nutritional supplementation in children with cancer
28.Winter C, Müller C, Hoffmann C, Boos J, Rosenbaum D. Physical activity and childhood cancer.
Pediatric blood & cancer. 2010;54(4):501-10.
29.Murphy AJ, White M, Davies PS. Body composition of children with cancer. The American Journal of
Clinical Nutrition. 2010;92(1):55-60. doi: 10.3945/ajcn.2010.29201.
30.van der Sluis IM, van den Heuvel-Eibrink MM, Hählen K, Krenning EP, de Muinck Keizer-Schrama
SM. Altered bone mineral density and body composition, and increased fracture risk in childhood acute
lymphoblastic leukemia. The Journal of pediatrics. 2002;141(2):204-10.
31.Barbosa-Cortés L, Tapia-Rojas M, López-Aguilar E, Mejía-Aranguré JM, Rivera-Márquez H. Body
composition by dilution of deuterium oxide in Mexican children with lymphoma and solid tumors.
Nutrition. 2007;23(10):739-44.
32.Murphy AJ, Hill RJ, Buntain H, White M, Brookes D, Davies PS. Nutritional status of children with
clinical conditions. Clinical Nutrition. 2017;36(3):788-92.
This paper has been checked for language accuracy by JOSAM editors.
The National Library of Medicine (NLM) citation style guide has been used in this paper.

References
1. Bundy DA, de Silva N, Horton S, Patton GC, Schultz L, Jamison DT, et al. Investment in child and
adolescent health and development: key messages from Disease Control Priorities. The Lancet.
2018;391(10121):687-99.
2. Barr RD, Gomez-Almaguer D, Jaime-Perez JC, Ruiz-Argüelles GJ. Importance of nutrition in the
treatment of leukemia in children and adolescents. Archives of Medical Research. 2016;47(8):585-92.
3. Sala A, Pencharz P, Barr RD. Children, cancer, and nutrition—a dynamic triangle in review. Cancer.
2004;100(4):677-87.
4. Brinksma A, Huizinga G, Sulkers E, Kamps W, Roodbol P, Tissing W. Malnutrition in childhood
cancer patients: a review on its prevalence and possible causes. Critical reviews in
oncology/hematology. 2012;83(2):249-75.
5. Gonzalez MC, Pastore CA, Orlandi SP, Heymsfield SB. Obesity paradox in cancer: new insights
provided by body composition. The American journal of clinical nutrition. 2014;99(5):999-1005.
6. Pribnow AK, Ortiz R, Báez LF, Mendieta L, Luna‐Fineman S. Effects of malnutrition on treatment‐
related morbidity and survival of children with cancer in Nicaragua. Pediatric Blood & Cancer.
2017;64(11):e26590.
7. Ladas EJ, Arora B, Howard SC, Rogers PC, Mosby TT, Barr RD. A framework for adapted nutritional
therapy for children with cancer in low‐and middle‐income countries: a report from the SIOP PODC
Nutrition Working Group. Pediatric Blood & Cancer. 2016;63(8):1339-48.
8. Sala A, Rossi E, Antillon F, Molina AL, de Maselli T, Bonilla M, et al. Nutritional status at diagnosis
is related to clinical outcomes in children and adolescents with cancer: a perspective from Central
America. European journal of cancer. 2012;48(2):243-52.
9. Amoroso L. The second international conference on nutrition: implications for hidden hunger. Hidden
Hunger. 115: Karger Publishers; 2016. p. 142-52.
10.Demaio AR, Branca F. Decade of action on nutrition: our window to act on the double burden of
malnutrition. BMJ global health. 2018;3(Suppl 1).
11.Keys A, Fidanza F, Karvonen MJ, Kimura N, Taylor HL. Indices of relative weight and obesity. J
Chronic Dis. 1972;25(6):329-43. Epub 1972/07/01. PubMed PMID: 4650929.
12.Brinksma A, Huizinga G, Sulkers E, Kamps W, Roodbol P, Tissing W. Malnutrition in childhood
cancer patients: a review on its prevalence and possible causes. Crit Rev Oncol Hematol.
2012;83(2):249-75. Epub 2012/01/24. doi: 10.1016/j.critrevonc.2011.12.003. PubMed PMID:
22264939.
13.Hall DMB, Cole TJ. What use is the BMI? Archives of disease in childhood. 2006;91(4):283-6. doi:
10.1136/adc.2005.077339. PubMed PMID: 16551784.
14.Ortega FB, Sui X, Lavie CJ, Blair SN. Body Mass Index, the Most Widely Used But Also Widely
Criticized Index: Would a Criterion Standard Measure of Total Body Fat Be a Better Predictor of
Cardiovascular Disease Mortality? Mayo Clinic proceedings. 2016;91(4):443-55. Epub 03/02. doi:
10.1016/j.mayocp.2016.01.008. PubMed PMID: 26948431.
15.Lange BJ, Gerbing RB, Feusner J, Skolnik J, Sacks N, Smith FO, et al. Mortality in overweight and
underweight children with acute myeloid leukemia. Jama. 2005;293(2):203-11.
16.Brouwer C, Gietema J, Kamps W, De Vries E, Postma A. Changes in body composition after childhood
cancer treatment: impact on future health status—a review. Critical reviews in oncology/hematology.
2007;63(1):32-46.
17.Trimpe K, Shaw MR, Wilson M, Haberman MR. Review of the effectiveness of enteral feeding in
Pediatric oncology patients. Journal of Pediatric Oncology Nursing. 2017;34(6):439-45.
18.Esbenshade AJ, Simmons JH, Koyama T, Koehler E, Whitlock JA, Friedman DL. Body mass index
and blood pressure changes over the course of treatment of pediatric acute lymphoblastic leukemia.
Pediatric blood & cancer. 2011;56(3):372-8.
19.Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R, et al. Centers for Disease Control and
Prevention 2000 growth charts for the United States: improvements to the 1977 National Center for
Health Statistics version. Pediatrics. 2002;109(1):45-60.
20.Nishimura N, Nakano K, Ueda K, Kodaira M, Yamada S, Mishima Y, et al. Prospective evaluation of
incidence and severity of oral mucositis induced by conventional chemotherapy in solid tumors and
malignant lymphomas. Supportive Care in Cancer. 2012;20(9):2053-9.
21.Jones JA, Avritscher EB, Cooksley CD, Michelet M, Bekele BN, Elting LS. Epidemiology of
treatment-associated mucosal injury after treatment with newer regimens for lymphoma, breast, lung,
or colorectal cancer. Supportive care in cancer. 2006;14(6):505-15.
22.Peterson D, Bensadoun R-J, Roila F, Group EGW. Management of oral and gastrointestinal mucositis:
ESMO clinical recommendations. Annals of Oncology. 2009;20(suppl_4):iv174-iv7.
23.Brouwer CA, Gietema JA, Vonk JM, Tissing W, Boezen HM, Zwart N, et al. Body mass index and
annual increase of body mass index in long-term childhood cancer survivors; relationship to treatment.
Supportive Care in Cancer. 2012;20(2):311-8.
24.Brinksma A, Roodbol PF, Sulkers E, Kamps WA, de Bont ES, Boot AM, et al. Changes in nutritional
status in childhood cancer patients: a prospective cohort study. Clinical Nutrition. 2015;34(1):66-73.
25.Withycombe JS, Post‐White JE, Meza JL, Hawks RG, Smith LM, Sacks N, et al. Weight patterns in
children with higher risk ALL: a report from the Children's Oncology Group (COG) for CCG 1961.
Pediatric blood & cancer. 2009;53(7):1249-54.
26.Müller HL, Emser A, Faldum A, Bruhnken G, Etavard-Gorris N, Gebhardt U, et al. Longitudinal study
on growth and body mass index before and after diagnosis of childhood craniopharyngioma. The
Journal of Clinical Endocrinology & Metabolism. 2004;89(7):3298-305.
27.Jansen H, Postma A, Stolk R, Kamps W. Acute lymphoblastic leukemia and obesity: increased energy
intake or decreased physical activity? Supportive care in cancer. 2009;17(1):103.

P a g e | 279

