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ABSTRACT

There is a striking disparity in survival rates for children in low- and middle-income countries (LMICs) compared with high-income countries (HICs).
Many of the contributing factors are preventable, including the comorbidity of malnutrition. There are emerging data that malnutrition, as reflected
in body composition changes, impacts survival of cancer. However, not enough priority is given to nutrition management of children with cancer,
particularly in LMICs. The primary purpose of this article is to review the current knowledge on childhood cancer and body composition in LMICs
and identify priorities for future research into the interlinking associations between cancer, body composition, and clinical outcomes for childhood
cancer patients. Evidence will ensure feasible and effective nutrition management is prioritized in childhood cancer centers in LMICs and contribute
to improving outcomes for children with cancer. Adv Nutr 2020;11:216–223.
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Introduction
More than 429,000 children are diagnosed with cancer each
year, with the annual incidence rate of cancer being 155 per
million children aged 0–19 y in 2001–2010 (1). Although
survival rates for some cancers have reached a 5-y overall
survival of ∼80% in many high-income countries (HICs),
∼90% of children and young people with cancer live in
low- and middle-income countries (LMICs), where survival
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rates are currently only 10–30% (2, 3). It is calculated that
between 80,000 and 100,000 children die unnecessarily from
cancer each year in LMICs, where the most important
prognostic factor for a child with cancer is place of birth
(4). Low survival rates in LMICs are due to misdiagnosis
of cancer, inaccessible treatment, treatment abandonment,
coexisting conditions, and paucity of health professionals
with specialized training (5). The challenge in childhood
cancer is to take the improvements achieved in HICs to all
children worldwide, but it is not enough to duplicate HIC
strategies: quality research is needed to address the specific
needs of childhood cancer centers in LMICs.

One of the influencing factors for lower survival rates
in childhood cancer is coexisting malnutrition (6–10).
Malnutrition is an imbalance in a person’s intake of energy
and/or nutrients and importantly refers to both under-
nutrition and obesity. In the simplest form, malnutrition is
reflected in changes in weight, but more clinically relevant
changes are reflected in body composition, specifically the
proportion and distribution of lean and fat tissues in the
body. Body composition is an emerging theme in clinical
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oncology and is increasingly recognized as a key outcome
measure (11–13). To effectively manage malnutrition in
children with cancer and potentially improve survival rates
in LMICs, it is vital to assess body composition as an
indicator of malnutrition and understand the interlinking
associations between cancer, body composition, and clinical
outcomes.

The value of nutritional support in children and young
adults is still an underacknowledged topic within pediatric
oncology, both in HICs and in LMICs (14, 15). Whereas
new cancer therapies are not readily accessible and solutions
to improve survival may not be feasible in LMICs, a focus
on nutritional management could serve to improve clinical
outcomes with simple low-cost nutrition strategies, such as
education, assessment, and intervention. Although there is
some progress to improve nutrition care for children with
cancer (16), more research is needed globally to provide
quality evidence to support decision-making. This article
explores the current evidence concerning body composition
and childhood cancer and identifies research priorities in
providing guidance to cancer centers to improve nutritional
management of children with cancer in LMICs.

Current Status of Knowledge
Assessing body composition in children with cancer in
LMICs
Nutrition screening and simple assessments.
It is important that all children with cancer are screened
for high risk of malnutrition, especially in LMICs, to
ensure that the limited resources available for nutrition
support are prioritized for high-risk patients. Screening
tools combine parameters that are known to contribute to
malnutrition in patients and categorize malnutrition risk.
There are several nutrition screening tools for hospitalized
children (17, 18) and 1 tool, the nutrition screening tool
for childhood cancer (SCAN), that has been developed
specifically for children with cancer (19). SCAN considers
cancer type, treatment phase, gastrointestinal symptoms, oral
intake, weight loss, and observable signs of undernutrition.
Translation and cross-cultural adaptations with SCAN are
underway (currently in Brazil, China, and Spain) to provide
an accurate and feasible tool to identify malnutrition risk for
cancer patients in both HICs and LMICs.

Research has shown that most cancer centers in LMICs
only use simple assessments of weight, height, and BMI to
represent nutritional status in children with cancer (14).
BMI is often used as a proxy measure of total adiposity
and to categorize nutritional status because it is simple and
can be compared with reference standards. However, BMI
is a measure of excess or inadequate weight, not excess or
inadequate fat mass (FM), and it cannot differentiate between
FM and fat-free mass (FFM). The relation between BMI and
FM in children is influenced by factors such as age, sex,
pubertal status, and ethnicity. In children with cancer, the
use of BMI is even more erroneous because weight can be
influenced by tumor mass and hydration status. Children

with cancer defined as healthy by weight or BMI have been
shown to have excess FM and reduced FFM (20–22), so
malnourished children may go unrecognized if BMI alone is
used to assess for malnutrition. Cancer centers should not use
BMI in children with cancer as the sole method of nutrition
assessment and should incorporate methods that assess the
clinically relevant body composition.

Measurements of arm anthropometry, including upper
arm circumference and triceps skinfold thickness, have been
used to predict nutritional status in children with cancer
(9, 23–27). However, these methods vary as a function of
age and body size and are based on several approximations
that may limit accuracy and need to be considered. Arm
anthropometry is useful as a screening method and for
predicting FM, but it is limited in predicting FFM (28, 29).
Arm anthropometry is recommended over BMI to identify
malnutrition in children with cancer where stunting, tumor
masses, and metabolic changes affect interpretation of weight
indices, but it is still not a measure of FM and FFM. Further
investigation of arm anthropometry against reference body
composition techniques in children with cancer should be
undertaken in LMICs to develop its potential as a simple
technique to identify malnutrition.

Body composition assessment.
Malnutrition is reflected in altered FM and FFM. The FFM
contains the metabolically active component of the body,
and the preservation of FFM is vital for growth, metabolism,
homeostasis, and functional capacity. There is no single in
vivo gold standard for the measurement of body composition
in children, and only multicomponent models are considered
sufficiently accurate to act as criterion methods. Most
methods of body composition analysis are indirect and rely
on assumptions that have the potential to introduce bias
into the results. The use of body composition techniques
in children has been explored in detail elsewhere (30, 31).
There are several methods available that may be appropriate
for use in children with cancer in LMICs, including isotope
dilution, DXA, and bioelectrical impedance analysis (BIA).
Other methods are valuable in childhood cancer patients,
such as total body potassium and air displacement plethys-
mography, but the availability of these methods in LMICs
is currently limited and so they are not discussed further
here.

The measurement of body composition using the isotope
dilution technique is a well-established methodology in
LMICs (32). The isotope dilution technique measures the
amount of water in the body, which is an indirect assessment
of FFM based on the assumption that body water is
only found in the FFM. The isotope dilution technique is
established in >70 LMICs and has been used to understand
body composition in healthy children and those with acute
malnutrition, as well as a reference to validate simple body
composition techniques. There have been several studies
done in cancer patients using deuterium dilution in HICs
to determine body composition (33, 34). However, there is
only 1 known study in Mexico that used deuterium dilution
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to assess body composition in children with cancer (35).
With isotope capacity established in many LMICs, cancer
centers should collaborate with these facilities to use the
isotope method to enhance the knowledge about cancer’s
impact on body composition, validate simple nutrition
methods, and evaluate the impact of interventions on body
composition. The advantage of this method for children with
cancer is that it is safe, involves no radiation, can be done
at bedside or in clinic, requires minimal patient burden,
and can be carried out by the clinical staff with limited
training. This method is not recommended during inten-
sive treatment phases, in which gastrointestinal symptoms,
hyperhydration, or edema may affect the FFM hydration
assumptions.

DXA is an X-ray imaging technique for calculating bone
mineral density and total and regional body composition
with minimal exposure to ionizing radiation (36). DXA
is more commonly being utilized to describe the body
composition of children with cancer in both HICs and
LMICs (37–39). The benefits of DXA include that it is
quick and allows the reporting of both regional body
composition and bone density. However, it is not the
gold standard of body composition and has measurement
limitations, including that it is not suitable for field or
bedside measures; there is exposure to small amounts of
radiation, which limits longitudinal measurements; and FM
and FFM are only estimated, not measured, in areas close to
bone.

BIA is a body composition method based on the principle
that electrical currents flow at different rates through the
body depending on its composition. FFM, which is high in
water and electrolytes, has minimal impedance, whereas FM
contains nonconducting materials that provide resistance to
the flow of electric current. BIA is portable, inexpensive, and
simple to perform, so it has potential in LMICs for estimation
of body composition in cancer patients. However, currently
available equations do not provide accurate estimations of
body composition in children with cancer (40, 41). New
BIA prediction equations specifically developed for children
with cancer are needed to allow reliable assessment of body
composition to be used in LMICs.

Opportunities should be taken to integrate body com-
position measures into oncology care to guide clinical
decision-making. Any method used to screen for low FFM
or excess FM in LMIC cancer centers will need to be
predictive of important cancer outcomes, feasible, affordable,
and easily implemented within existing clinical workflows.
Future studies should validate simple body composition
techniques that could be used in LMICs to identify changes
in FM and FFM and guide clinical care. A current limitation
for the integration of body composition assessment into
clinical care is the lack of healthy pediatric body composition
reference curves that are region specific. While international
efforts continue in collecting reference body composition
data, body composition should be assessed against available
reference data and, importantly, evaluated longitudinally for
each patient.

Understanding the impact of cancer on body
composition
Cancer-induced body composition changes may be caused
by multiple factors impacting energy balance, including side
effects, host tumor response, and altered physical activity.
Food intake in children with cancer may be affected by
numerous treatment side effects, such as nausea, change in
taste and smell, mucositis, vomiting, and pain. A study from
Mexico demonstrated that 90% of the children admitted
to hospital with cancer demonstrated a feeding-related
symptom, such as reduced appetite and fear of feeding
due to pain (42). In Turkey, the most common nutritional
problems experienced by children were loss of appetite
(85.5%), nausea (84.1%), vomiting (81.2%), fatigue (79.7%),
and mucositis (66.7%) (43). The host response to tumor
also causes a variety of complex metabolic and endocrine
changes increasing energy losses. Cytokines, such as TNF-α,
IL-1, IL-6, IFN-γ , and leukemia inhibitory factor, may
elicit many host changes seen in cancer-induced FFM loss,
including loss of appetite, loss of body weight, and the
induction of acute-phase protein synthesis (12, 44, 45).
Although the resting energy expenditure of children with
cancer may be increased due to the metabolic activity,
physical activity levels will be reduced during periods of
hospitalization and fatigue. Reduced physical and muscle
activity in children may contribute to a progressive decline
in FFM. The contribution of these different mechanisms to
changes in body composition in children will depend on
factors such as cancer type and treatment, and it needs to be
elucidated further.

There are very few studies in childhood cancer patients
assessing the impact of cancer on body composition. In
HICs, children undergoing treatment for various cancers
appear to have lower FFM and higher FM compared with
their healthy peers (21, 22, 46–48). There is less evidence
from LMICs on the impact of cancer and treatment on
body composition (Table 1). At diagnosis, patients in Mexico
with acute lymphoblastic leukemia (ALL) had normal body
composition (39), but in Romania, patients with a variety of
cancers had increased total body water and decreased FM
compared with healthy children (49). Longitudinal studies
have shown that in Mexico, children with lymphoma had
an increase in FM during the first 6 mo of treatment (35),
whereas in India, children with ALL had FFM decreases
during induction (50). The knowledge of how FM and
FFM are affected by the various cancer-related mechanisms
is important to guide interventions and ensure clinical
outcomes are not affected by poor nutritional status.

Alterations in body composition also persist as a long-
term effect of cancer and its treatment. Survivors of child-
hood cancer in HICs have increased prevalence of obesity
(51, 52), with increased FM and decreased FFM (34, 53,
54). Nutritional status alterations and increased metabolic
risk symptoms in childhood cancer survivors are supported
in limited studies from LMICs (55–57). One study from
Brazil showed survivors of childhood ALL had an increase
in body fat and an alteration of fat distribution, which was
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TABLE 1 Impact of childhood cancer on body composition in LMICs1

Reference, year Country
Cancer type

(no. of subjects)
Assessment
time points

Assessment
method Body composition findings

Barbosa-Cortés et al. (35),
2007

Mexico Lymphoma (n = 8)
Solid tumor (n = 9)

After first chemotherapy
course; 2 mo; 6 mo

Isotope dilution Lymphoma group—FM, FFM, and TBW
increased during first 6 mo of treatment

Solid tumor group—no changes
Jaime-Pérez et al. (39), 2008 Mexico ALL (n = 102) Diagnosis DXA 20.5% reduced, 24.5% increased, and 55%

same body composition as reference
values

Kumar et al. (50), 2000 India ALL (n = 25) Diagnosis; completion of
induction

Ultrasound 56% of patients had reduced FFM and 96%
of patients had increased subcutaneous
FM over study period

Chincesan et al. (49), 2016 Romania All cancer types
(n = 43)

Diagnosis BIA Increased TBW and decreased FM
compared with controls

Siviero-Miachon et al. (56),
2013

Brazil ALL survivors (n = 56) At least 2 y post-therapy DXA Survivors with cranial radiation had
increased FM and abdominal adipose
tissue

1ALL, acute lymphoblastic leukemia; BIA, bioelectrical impedance analysis; FFM, fat-free mass; FM, fat mass; LMIC, low- and middle-income country; TBW, total body water.

related to cranial radiotherapy (56), but more research about
FM and FFM changes in long-term survivors from LMICs
is required. As the number of cancer survivors increases
in LMICs, it is important that there is evidence supporting
their long-term nutritional health needs and minimizing
comorbidities.

Due to the scarcity of evidence, research should aim
to understand why and how cancer impacts FM and FFM
in children with cancer. Whereas in HICs, it appears that
cancer treatment decreases FFM and increases FM across
the spectrum of treatment, there will be additional factors
that influence nutritional status in LMICs. By understanding
what cancer-related mechanisms affect body composition,
nutrition management can be prioritized to the high-need
patients and treatment phases.

Understanding the impact of body composition on
childhood cancer outcomes
To ensure that nutrition support is a priority in cancer
centers, there must be evidence that body composition has
clinical significance. There is emerging evidence in adults
that it is the reduced FFM and increased FM, not just weight
alterations in cancer patients, that are linked to survival and
clinical outcomes (58, 59). However, studies in childhood
cancer have predominately only examined weight and BMI
and its relation to clinical outcomes.

Underweight children with cancer have been shown to
have reduced tolerance to therapy, with more toxicities,
longer duration of therapy, treatment delays, and prolonged
periods of hospital stays in both HICs (60, 61) and LMICs
(9, 62–64). Several studies in LMICs have shown that
undernutrition, as determined by simple nutrition measures,
is related to increased infections and length of hospital stays
in several different cancer types. In patients with Burkitt’s
lymphoma in Malawi, low arm muscle area was associated
with a significantly higher rate of neutropenia, independent
of clinical stage of disease, bone marrow involvement, and

HIV infection (65). In Bangladesh, ALL patients with lower
weight for age were more likely to suffer infections and
consequently had longer hospital stays (62). In childhood
cancer patients in Iran, there was an association between
albumin, prealbumin, and BMI and duration of neutropenic
fever and length of hospital stay (66).

Abnormal body weight or size has been shown to reduce
survival in both leukemia and solid tumor patients (6, 67–
72). In Guatemala, children with ALL who had severely
depleted nutritional status were ∼2.5 times more likely to die
<6 mo from diagnosis (26); this finding was similar to that
of a study in Mexico, in which undernourished children were
2.6 times more likely to die during initial treatment (10). In
Nicaragua, pediatric oncology patients with malnutrition at
diagnosis experienced increased treatment-related mortality
(8). In Pakistan, underweight children with ALL were
at higher risk of relapse and mortality compared with
normal-weight children (71). Although the relation between
weight/body size and survival is supported across HICs
and LMICs by meta-analyses and review articles (68, 72,
73), several studies have concluded that there is no relation
between weight/body size and survival (74–77). The reason
for the discrepancy in results is likely due to the different
classification of malnutrition based on weight and body size,
and this highlights the need for studies to assess the link
between FM and FFM and survival in children with cancer
in LMICs.

Malnourished children with cancer may experience poor
clinical outcomes due to multiple factors, including altered
drug pharmacokinetics. Alterations in body composition
may affect drug absorption; alter drug protein binding;
decrease oxidative metabolism; and reduce glomerular fil-
tration rate, thereby increasing plasma concentrations of
drugs and potentially increasing toxicity (78). The FFM com-
partment is concerned with metabolic activity in the body;
therefore, reduced FFM leads to altered drug metabolism.
Dosing as per body surface area is dependent on body weight,
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and children with sarcopenic obesity (increased FM and
decreased FFM) tend to receive drug doses that are possibly
higher than what their depleted FFM can metabolize (79).
Future research in childhood cancer should look beyond
weight and focus on pharmacology studies of bioavailability
of chemotherapeutic agents as related to FM and FFM and
also the implications for treatment outcomes and toxicity.

Current studies linking malnutrition with clinical out-
comes in childhood cancer use weight and BMI, and con-
sidering the limitations of these simple methods in children
with cancer, it must be a priority to establish a link between
clinical outcomes and malnutrition using body composition
methods. The physiological mechanisms that link body
composition with clinical outcomes are multifactorial and
not fully understood. Research is necessary to determine
if the effects of body composition on clinical outcomes
are causal and, more important, remedial with nutritional
interventions.

Nutrition support for childhood cancer in LMICs
The primary goals of medical nutrition therapy (MNT) in
pediatric oncology are minimizing loss of FFM, promoting
appropriate growth and development, and ensuring a good
quality of life (80). MNT for children with cancer includes
provision of nutritious food, nutrition education, diet modifi-
cation, supplementation, appetite stimulation, and nutrition
support including enteral and parenteral nutrition. As MNT
needs to be overseen by a trained health-care professional,
capacity building in LMICs is crucial for the successful
delivery of MNT for children with cancer.

Increasing oral food intake through provision of food and
education.
Ensuring adequate oral intake to meet energy requirements
is the preferred method of nutrition support for children
with cancer. Providing healthy meals and nutrition education
should be standard of care throughout therapy, regardless
of nutrition risk. There is a need for organized efforts from
hospitals and support groups to provide quality and safe
meals for children and their caregivers in LMIC cancer
centers. Provision of healthy and balanced meals could
be a simple method of maintaining body composition for
low-nutrition-risk patients during inpatient and outpatient
treatment. Meals for children with cancer should be high
in energy, high in protein, and tailored for the individual
considering side effects such as taste changes, mouth sores,
nausea, and poor appetite.

All children and caregivers should be educated about
the importance of good nutrition during cancer therapy,
symptomatic management of side effects impacting nutrition
intake, and food safety. In a survey of 96 LMICs, only 35% of
institutions reported that nutrition education was provided
to patients and families (14). Diet education for patients and
families in LMICs is complicated by low literacy, limited
availability of trained personnel, and a lack of materials (81).
To provide successful education for low-literacy patients and

caregivers, culturally appropriate instruments and pictorial-
based material must be developed; this has been successfully
done in several LMICs (82–84). To ensure that food provision
and nutrition education are prioritized in LMIC cancer
centers, research should be conducted to demonstrate if these
low-cost and low-resource measures can effectively improve
body composition and clinical outcomes.

Increasing oral nutrition through supplements and drug
therapy.
Liquid nutrition supplements are available in LMICs and are
commonly used in pediatric oncology to prevent weight loss,
increase dietary calories, or as meal replacement. Protein-
and energy-dense liquid supplements have been found to be
effective in reversing weight loss in malnourished children
with cancer in LMICs. A study in Nicaragua reported
that supplementation with polymeric formulas resulted in
55% of patients with leukemia and 35% of patients with
solid tumors improving their nutritional status or remaining
well-nourished (85). In Turkey, protein- and energy-dense
oral nutritional supplements (86) and those containing
eicosapentaenoic acid (87) were effective for preventing
weight loss in malnourished children with cancer. In LMICs,
in which commercial liquid supplements are not readily
available, homemade shakes made with high-protein and
energy-dense ingredients can serve as alternatives.

In LMICs, in which child undernutrition is common,
ready-to-use therapeutic food (RUTF) is available and can be
used during anticancer treatment to improve the nutritional
status of patients. The advantage of RUTF is that it is a ready-
to-use paste that does not need to be mixed with water,
thereby avoiding the risk of bacterial proliferation in case of
accidental contamination. There are commercially available
RUTFs, but it can also be locally produced, with the aim
of the supplement to increase protein and energy intake
through local ingredients. One study on the use of RUTFs
in children with cancer demonstrated that a peanut-based
RUTF increased weight (88), but whether RUTFs improve
FFM is unknown. Research should prioritize investigating if
homemade shakes and RUTFs are beneficial for increasing
FFM in children with cancer and if their provision should be
standard care in LMIC cancer centers.

Chemotherapy-induced nausea and vomiting (CINV) can
negatively impact a child’s ability to maintain a nutritious diet
and should be addressed as a priority in treating children
(89). Algorithms can be developed to prioritize interventions
based on the emetogenic potential of chemotherapy (90).
Although medications often used in HIC cancer centers to
address CINV may be cost prohibitive in LMICs, more eco-
nomical alternatives can be considered while also advocating
for the inclusion of antiemetics in essential medicine lists for
children with cancer in LMICs (91, 92).

Providing nutrition support with enteral and parenteral
nutrition.
Due to lack of trained staff, lack of resources, and high risk
of complications, enteral nutrition and parenteral nutrition
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are not commonly used in countries with limited resources.
The enteral route is the safest way of providing nutrition to
children with a functional gastrointestinal tract. However,
the availability of appropriate nasogastric tubes and pumps
is often inadequate in LMICs. Low-resource alternatives for
providing enteral nutrition include using suction tubes to
administer enteral nutrition or gravity feeding if feeding
pumps are not available. Another complication of enteral
nutrition in LMICs is the poor availability of enteral feeds and
the high cost of commercial enteral formulas. Homemade
blenderized diets can reduce cost and can be used with
good results in LMICs, especially for children who must
remain on tube feeding postdischarge from the hospital. The
feasibility, safety, and effectiveness of local blenderized foods
in improving body composition in children with cancer in
LMICs should be evaluated to provide guidelines for cancer
centers.

Conclusions
There are numerous challenges to improving nutritional care
in children with cancer globally. The major challenge is
that nutrition support needs to be recognized as playing a
significant role in improving clinical outcomes for children
with cancer so that the provision of nutrition support is
prioritized with increased education, funding, and resources.
To improve nutritional care in LMICs, we need to provide the
evidence for effective interventions that improve body com-
position and clinical outcomes. The scientific priorities for
nutrition and childhood cancer should include 1) utilizing
body composition to represent malnutrition in children with
cancer, 2) validating simple nutrition assessment techniques
against body composition methods, 3) determining the
cancer-related mechanisms that impact body composition, 4)
understanding the impact of body composition on clinical
outcomes in children with cancer, and 5) evaluating the
effectiveness of nutrition interventions to improve body
composition.

Acknowledgments
The authors’ responsibilities were as follows—AJM-A, MP,
JS, KS, TTM: designed the review; AJM-A, MP, JS, KS, TTM:
wrote the manuscript; AJM-A: had primary responsibility for
final content; and all authors: read and approved the final
manuscript.

References
1. Steliarova-Foucher E, Colombet M, Ries LAG, Moreno F, Dolya A,

Bray F, Hesseling P, Shin HY, Stiller CA. International incidence of
childhood cancer, 2001–10: a population-based registry study. Lancet
Oncol 2017;18(6):719–31.

2. Pritchard-Jones K, Pieters R, Reaman GH, Hjorth L, Downie P,
Calaminus G, Naafs-Wilstra MC, Steliarova-Foucher E. Sustaining
innovation and improvement in the treatment of childhood cancer:
lessons from high-income countries. Lancet Oncol 2013;14(3):e95–103.

3. Bonaventure A, Harewood R, Stiller CA, Gatta G, Clavel J, Stefan DC,
Carreira H, Spika D, Marcos-Gragera R, Peris-Bonet R, et al. Worldwide
comparison of survival from childhood leukaemia for 1995–2009, by
subtype, age, and sex (CONCORD-2): a population-based study of

individual data for 89 828 children from 198 registries in 53 countries.
Lancet Haematol 2017;4(5):e202–17.

4. Sullivan R, Kowalczyk JR, Agarwal B, Ladenstein R, Fitzgerald E, Barr
R, Steliarova-Foucher E, Magrath I, Howard SC, Kruger M, et al. New
policies to address the global burden of childhood cancers. Lancet
Oncol 2013;14(3):e125–35.

5. Rodriguez-Galindo C, Friedrich P, Morrissey L, Frazier L. Global
challenges in pediatric oncology. Curr Opin Pediatr 2013;25(1):3–15.

6. Loeffen EA, Brinksma A, Miedema KG, de Bock GH, Tissing WJ.
Clinical implications of malnutrition in childhood cancer patients—
infections and mortality. Support Care Cancer 2015;23(1):143–50.

7. Triarico S, Rinninella E, Cintoni M, Capozza MA, Mastrangelo S, Mele
MC, Ruggiero A. Impact of malnutrition on survival and infections
among pediatric patients with cancer: a retrospective study. Eur Rev
Med Pharmacol Sci 2019;23(3):1165–75.

8. Pribnow AK, Ortiz R, Baez LF, Mendieta L, Luna-Fineman S. Effects of
malnutrition on treatment-related morbidity and survival of children
with cancer in Nicaragua. Pediatr Blood Cancer 2017;64(11):e26590.

9. Sala A, Rossi E, Antillon F, Molina AL, de Maselli T, Bonilla M,
Hernandez A, Ortiz R, Pacheco C, Nieves R, et al. Nutritional status
at diagnosis is related to clinical outcomes in children and adolescents
with cancer: a perspective from Central America. Eur J Cancer
2012;48(2):243–52.

10. Mejia-Arangure JM, Fajardo-Gutierrez A, Reyes-Ruiz NI, Bernaldez-
Rios R, Mejia-Dominguez AM, Navarrete-Navarro S, Martinez-Garcia
MC. Malnutrition in childhood lymphoblastic leukemia: a predictor
of early mortality during the induction-to-remission phase of the
treatment. Arch Med Res 1999;30(2):150–3.

11. Hilmi M, Jouinot A, Burns R, Pigneur F, Mounier R, Gondin J,
Neuzillet C, Goldwasser F. Body composition and sarcopenia: the next-
generation of personalized oncology and pharmacology? Pharmacol
Ther 2019;196:135–59.

12. Ryan AM, Power DG, Daly L, Cushen SJ, Ni Bhuachalla E, Prado CM.
Cancer-associated malnutrition, cachexia and sarcopenia: the skeleton
in the hospital closet 40 years later. Proc Nutr Soc 2016;75(2):199–211.

13. Tsai S. Importance of lean body mass in the oncologic patient. Nutr Clin
Pract 2012;27(5):593–8.

14. Murphy AJ, Mosby TT, Rogers PC, Cohen J, Ladas EJ. An international
survey of nutritional practices in low- and middle-income countries:
a report from the International Society of Pediatric Oncology (SIOP)
PODC Nutrition Working Group. Eur J Clin Nutr 2014;68(12):1341–5.

15. Barr RD, Mosby TT. Nutritional status in children and adolescents with
leukemia: an emphasis on clinical outcomes in low and middle income
countries. Hematology 2016;21(4):199–205.

16. 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. Pediatr Blood Cancer 2016;63(8):1339–48.

17. Huysentruyt K, Alliet P, Muyshont L, Rossignol R, Devreker T, Bontems
P, Dejonckheere J, Vandenplas Y, De Schepper J. The STRONG(kids)
nutritional screening tool in hospitalized children: a validation study.
Nutrition 2013;29(11–12):1356–61.

18. White M, Lawson K, Ramsey R, Dennis N, Hutchinson Z, Soh
XY, Matsuyama M, Doolan A, Todd A, Elliott A, et al. Simple
nutrition screening tool for pediatric inpatients. J Parenter Enteral Nutr
2016;40(3):392–8.

19. Murphy AJ, White M, Viani K, Mosby TT. Evaluation of the nutrition
screening tool for childhood cancer (SCAN). Clin Nutr 2016;35(1):
219–24.

20. Orgel E, Mueske NM, Sposto R, Gilsanz V, Freyer DR, Mittelman
SD. Limitations of body mass index to assess body composition
due to sarcopenic obesity during leukemia therapy. Leuk Lymphoma
2018;59(1):138–45.

21. Murphy AJ, White M, Davies PS. Body composition of children with
cancer. Am J Clin Nutr 2010;92(1):55–60.

22. Murphy AJ, White M, Elliott SA, Lockwood L, Hallahan A, Davies
PS. Body composition of children with cancer during treatment and in
survivorship. Am J Clin Nutr 2015;102(4):891–6.

Body composition priorities in childhood cancer 221



23. Oguz A, Karadeniz C, Pelit M, Hasanoglu A. Arm anthropometry in
evaluation of malnutrition in children with cancer. Pediatr Hematol
Oncol 1999;16(1):35–41.

24. Israels T, Chirambo C, Caron HN, Molyneux EM. Nutritional status
at admission of children with cancer in Malawi. Pediatr Blood Cancer
2008;51(5):626–8.

25. Shah P, Jhaveri U, Idhate TB, Dhingra S, Arolkar P, Arora B. Nutritional
status at presentation, comparison of assessment tools, and importance
of arm anthropometry in children with cancer in India. Indian J Cancer
2015;52(2):210–5.

26. Antillon F, Rossi E, Molina AL, Sala A, Pencharz P, Valsecchi
MG, Barr R. Nutritional status of children during treatment for
acute lymphoblastic leukemia in Guatemala. Pediatr Blood Cancer
2013;60(6):911–5.

27. Garofolo A, Lopez FA, Petrilli AS. High prevalence of malnutrition
among patients with solid non-hematological tumors as found by
using skinfold and circumference measurements. Sao Paulo Med J
2005;123(6):277–81.

28. Bliss J, Lelijveld N, Briend A, Kerac M, Manary M, McGrath M, Weise
Prinzo Z, Shepherd S, Marie Zagre N, Woodhead S, et al. Use of mid-
upper arm circumference by novel community platforms to detect,
diagnose, and treat severe acute malnutrition in children: a systematic
review. Glob Health Sci Pract 2018;6(3):552–64.

29. Chomtho S, Fewtrell MS, Jaffe A, Williams JE, Wells JC. Evaluation of
arm anthropometry for assessing pediatric body composition: evidence
from healthy and sick children. Pediatr Res 2006;59(6):860–5.

30. Wells JC, Fewtrell MS. Measuring body composition. Arch Dis Child
2006;91(7):612–7.

31. Weber DR, Leonard MB, Zemel BS. Body composition analysis in the
pediatric population. Pediatr Endocrinol Rev 2012;10(1):130–9.

32. International Atomic Energy Agency. Introduction to Body
Composition Assessment Using the Deuterium Dilution Technique
with Analysis of Saliva Samples by Fourier Transform Infrared
Spectrometry. IAEA Human Health Series No. 12. Vienna (Austria):
International Atomic Energy Agency; 2011.

33. de Graaf SS, Meeuwsen-van der Roest WP, Schraffordt Koops H, Zijlstra
WG. Dissociation of body weight and lean body mass during cancer
chemotherapy. Eur J Cancer Clin Oncol 1987;23(6):731–7.

34. Murphy AJ, Wells JC, Williams JE, Fewtrell MS, Davies PS, Webb DK.
Body composition in children in remission from acute lymphoblastic
leukemia. Am J Clin Nutr 2006;83(1):70–4.

35. Barbosa-Cortés L, Tapia-Rojas M, Lopez-Aguilar E, Mejia-Arangure
JM, Rivera-Marquez H. Body composition by dilution of deuterium
oxide in Mexican children with lymphoma and solid tumors. Nutrition
2007;23(10):739–44.

36. International Atomic Energy Agency. Dual Energy X Ray
Absorptiometry for Bone Mineral Density and Body Composition
Assessment. IAEA Human Health Series No. 15. Vienna (Austria):
International Atomic Energy Agency; 2010.

37. Collins L, Nayiager T, Doring N, Kennedy C, Webber C, Halton J,
Walker S, Sala A, Barr RD. Nutritional status at diagnosis in children
with cancer: I. An assessment by dietary recall compared with body
mass index and body composition measured by dual energy X-ray
absorptiometry. J Pediatr Hematol Oncol 2010;32(8):e299–303.

38. te Winkel ML, van Beek RD, de Muinck Keizer-Schrama SM,
Uitterlinden AG, Hop WC, Pieters R, van den Heuvel-Eibrink MM.
Pharmacogenetic risk factors for altered bone mineral density and body
composition in pediatric acute lymphoblastic leukemia. Haematologica
2010;95(5):752–9.

39. Jaime-Pérez JC, Gonzalez-Llano O, Herrera-Garza JL, Gutierrez-
Aguirre H, Vazquez-Garza E, Gomez-Almaguer D. Assessment of
nutritional status in children with acute lymphoblastic leukemia in
northern Mexico: a 5-year experience. Pediatr Blood Cancer 2008;50(2
Suppl):506–8; discussion 517.

40. Martinez EE, Smallwood CD, Quinn NL, Ariagno K, Bechard
LJ, Duggan CP, Mehta NM. Body composition in children with
chronic illness: accuracy of bedside assessment techniques. J Pediatr
2017;190:56–62.

41. Warner JT, Evans WD, Webb DK, Gregory JW. Pitfalls in the assessment
of body composition in survivors of acute lymphoblastic leukaemia.
Arch Dis Child 2004;89(1):64–8.

42. Damasco-Avila E, Velasco-Hidalgo L, Zapata-Tarres M, Cardenas-
Cardos R, Rivera-Luna R. Feeding difficulties and eating disorders
in pediatric patients with cancer. Bol Med Hosp Infant Mex
2019;76(3):113–9.

43. Arpaci T, Toruner EK, Altay N. Assessment of nutritional problems
in pediatric patients with cancer and the information needs of their
parents: a parental perspective. Asia Pac J Oncol Nurs 2018;5(2):
231–6.

44. Noguchi Y, Yoshikawa T, Matsumoto A, Svaninger G, Gelin J.
Are cytokines possible mediators of cancer cachexia? Surg Today
1996;26(7):467–75.

45. Patra SK, Arora S. Integrative role of neuropeptides and cytokines
in cancer anorexia–cachexia syndrome. Clin Chim Acta 2012;413(13–
14):1025–34.

46. Fuemmeler BF, Pendzich MK, Clark K, Lovelady C, Rosoff P,
Blatt J, Demark-Wahnefried W. Diet, physical activity, and body
composition changes during the first year of treatment for childhood
acute leukemia and lymphoma. J Pediatr Hematol Oncol 2013;35(6):
437–43.

47. Feng Y, Pan LY, Shen LY, Chang PP, Zhang BH, Hong L. Changes
in body composition in children with acute graft-versus-host disease
within the first 100 days after hematopoietic stem cell transplantation.
Eur J Clin Nutr 2018;72(8):1167–75.

48. Rayar M, Webber CE, Nayiager T, Sala A, Barr RD. Sarcopenia in
children with acute lymphoblastic leukemia. J Pediatr Hematol Oncol
2013;35(2):98–102.

49. Chincesan MI, Marginean CO, Voidazan S. Assessment of body
composition in a group of pediatric patients with cancer: a
single Romanian center experience. J Pediatr Hematol Oncol
2016;38(7):e217–22.

50. Kumar R, Marwaha RK, Bhalla AK, Gulati M. Protein energy
malnutrition and skeletal muscle wasting in childhood acute
lymphoblastic leukemia. Indian Pediatr 2000;37(7):720–6.

51. Oeffinger KC, Mertens AC, Sklar CA, Yasui Y, Fears T, Stovall M, Vik
TA, Inskip PD, Robison LL. Obesity in adult survivors of childhood
acute lymphoblastic leukemia: a report from the childhood cancer
survivor study. J Clin Oncol 2003;21(7):1359–65.

52. Zhang FF, Kelly MJ, Saltzman E, Must A, Roberts SB, Parsons
SK. Obesity in pediatric ALL survivors: a meta-analysis. Pediatrics
2014;133(3):e704–15.

53. Murphy-Alford AJ, White M, Lockwood L, Hallahan A, Davies PSW.
Body composition, dietary intake and physical activity of young
survivors of childhood cancer. Clin Nutr 2019;38(2):842–7.

54. Marriott CJC, Beaumont LF, Farncombe TH, Cranston AN, Athale
UH, Yakemchuk VN, Webber CE, Barr RD. Body composition in long-
term survivors of acute lymphoblastic leukemia diagnosed in childhood
and adolescence: a focus on sarcopenic obesity. Cancer 2018;124(6):
1225–31.

55. Prasad M, Arora B, Chinnaswamy G, Vora T, Narula G, Banavali
S, Kurkure P. Nutritional status in survivors of childhood cancer:
experience from Tata Memorial Hospital, Mumbai. Indian J Cancer
2015;52(2):219–23.

56. Siviero-Miachon AA, Spinola-Castro AM, Lee ML, Andreoni S,
Geloneze B, Lederman H, Guerra-Junior G. Cranial radiotherapy
predisposes to abdominal adiposity in survivors of childhood acute
lymphocytic leukemia. Radiat Oncol 2013;8:39.

57. Barbosa-Cortés L, Lopez-Alarcon M, Mejia-Arangure JM, Klunder-
Klunder M, Del Carmen Rodriguez-Zepeda M, Rivera-Marquez
H, de la Vega-Martinez A, Martin-Trejo J, Shum-Luis J, Solis-
Labastida K, et al. Adipokines, insulin resistance, and adiposity as a
predictors of metabolic syndrome in child survivors of lymphoma and
acute lymphoblastic leukemia of a developing country. BMC Cancer
2017;17(1):125.

58. Deutz NEP, Ashurst I, Ballesteros MD, Bear DE, Cruz-Jentoft
AJ, Genton L, Landi F, Laviano A, Norman K, Prado CM. The

222 Murphy-Alford et al.



underappreciated role of low muscle mass in the management of
malnutrition. J Am Med Dir Assoc 2019;20(1):22–7.

59. Prado CM, Purcell SA, Alish C, Pereira SL, Deutz NE, Heyland DK,
Goodpaster BH, Tappenden KA, Heymsfield SB. Implications of low
muscle mass across the continuum of care: a narrative review. Ann Med
2018;50(8):675–93.

60. Burke ME, Lyden ER, Meza JL, Ladas EJ, Dasgupta R, Wiegner
EA, Arndt CA. Does body mass index at diagnosis or weight
change during therapy predict toxicity or survival in intermediate risk
rhabdomyosarcoma? A report from the Children’s Oncology Group
Soft Tissue Sarcoma Committee. Pediatr Blood Cancer 2013;60(5):
748–53.

61. Orgel E, Sposto R, Malvar J, Seibel NL, Ladas E, Gaynon PS, Freyer DR.
Impact on survival and toxicity by duration of weight extremes during
treatment for pediatric acute lymphoblastic leukemia: a report from the
Children’s Oncology Group. J Clin Oncol 2014;32(13):1331–7.

62. Hafiz MG, Mannan MA. Nutritional status at initial presentation in
childhood acute lymphoblastic leukemia and its effect on induction of
remission. Mymensingh Med J 2008;17(2 Suppl):S46–51.

63. Begum M, Jahan S, Tawfique M, Mannan MA. Outcome of induction
of remission in undernourished children with acute lymphoblastic
leukaemia. Mymensingh Med J 2012;21(4):691–5.

64. Marin-Lopez A, Lobato-Mendizabal E, Ruiz-Arguelles GJ.
[Malnutrition is an adverse prognostic factor in the response to
treatment and survival of patients with acute lymphoblastic leukemia
at the usual risk]. Gac Med Mex 1991;127(2):125–32.

65. Israels T, van de Wetering MD, Hesseling P, van Geloven N, Caron HN,
Molyneux EM. Malnutrition and neutropenia in children treated for
Burkitt lymphoma in Malawi. Pediatr Blood Cancer 2009;53(1):47–52.

66. Esfahani A, Ghoreishi Z, Abedi Miran M, Sanaat Z, Ostadrahimi A,
Eivazi Ziaei J, Ghayour Nahand M, Asghari Jafarabadi M, Sorusheh
Y, Esmaili H. Nutritional assessment of patients with acute leukemia
during induction chemotherapy: association with hospital outcomes.
Leuk Lymphoma 2014;55(8):1743–50.

67. den Hoed MA, Pluijm SM, de Groot-Kruseman HA, te Winkel ML,
Fiocco M, van den Akker EL, Hoogerbrugge P, van den Berg H, Leeuw
JA, Bruin MC, et al. The negative impact of being underweight and
weight loss on survival of children with acute lymphoblastic leukemia.
Haematologica 2015;100(1):62–9.

68. Lobato-Mendizabal E, Lopez-Martinez B, Ruiz-Arguelles GJ. A critical
review of the prognostic value of the nutritional status at diagnosis in
the outcome of therapy of children with acute lymphoblastic leukemia.
Rev Invest Clin 2003;55(1):31–5.

69. Amankwah EK, Saenz AM, Hale GA, Brown PA. Association between
body mass index at diagnosis and pediatric leukemia mortality and
relapse: a systematic review and meta-analysis. Leuk Lymphoma
2016;57(5):1140–8.

70. Buckle G, Maranda L, Skiles J, Ong’echa JM, Foley J, Epstein M, Vik
TA, Schroeder A, Lemberger J, Rosmarin A, et al. Factors influencing
survival among Kenyan children diagnosed with endemic Burkitt
lymphoma between 2003 and 2011: a historical cohort study. Int J
Cancer 2016;139(6):1231–40.

71. Khan AU, Sheikh MU, Intekhab K. Pre-existing malnutrition and
treatment outcome in children with acute lymphoblastic leukaemia. J
Pak Med Assoc 2006;56(4):171–3.

72. Orgel E, Genkinger JM, Aggarwal D, Sung L, Nieder M, Ladas EJ.
Association of body mass index and survival in pediatric leukemia: a
meta-analysis. Am J Clin Nutr 2016;103(3):808–17.

73. Joffe L, Dwyer S, Glade Bender JL, Frazier AL, Ladas EJ. Nutritional
status and clinical outcomes in pediatric patients with solid tumors: a
systematic review of the literature. Semin Oncol 2019; 46(1):48–56.

74. Rivera-Luna R, Olaya-Vargas A, Velasquez-Avina M, Frenk S,
Cardenas-Cardos R, Leal-Leal C, Perez-Gonzalez O, Martinez-Avalos
A. Early death in children with acute lymphoblastic leukemia: does
malnutrition play a role? Pediatr Hematol Oncol 2008;25(1):17–26.

75. Gupta S, Bonilla M, Fuentes SL, Caniza M, Howard SC, Barr R,
Greenberg ML, Ribeiro R, Sung L. Incidence and predictors of

treatment-related mortality in paediatric acute leukaemia in El Salvador.
Br J Cancer 2009;100(7):1026–31.

76. Pedrosa F, Bonilla M, Liu A, Smith K, Davis D, Ribeiro RC, Wilimas JA.
Effect of malnutrition at the time of diagnosis on the survival of children
treated for cancer in El Salvador and Northern Brazil. J Pediatr Hematol
Oncol 2000;22(6):502–5.

77. Martin-Trejo JA, Nunez-Enriquez JC, Fajardo-Gutierrez A, Medina-
Sanson A, Flores-Lujano J, Jimenez-Hernandez E, Amador-Sanchez R,
Penaloza-Gonzalez JG, Alvarez-Rodriguez FJ, Bolea-Murga V, et al.
Early mortality in children with acute lymphoblastic leukemia in a
developing country—the role of malnutrition at diagnosis: a multicenter
cohort MIGICCL study. Leuk Lymphoma 2017;58(4):898–908.

78. Murry DJ, Riva L, Poplack DG. Impact of nutrition on
pharmacokinetics of anti-neoplastic agents. Int J Cancer Suppl
1998;11:48–51.

79. Carneiro IP, Mazurak VC, Prado CM. Clinical implications of
sarcopenic obesity in cancer. Curr Oncol Rep 2016;18(10):62.

80. Bauer J, Jurgens H, Fruhwald MC. Important aspects of nutrition in
children with cancer. Adv Nutr 2011;2(2):67–77.

81. Mosby T, Day S, Challinor J, Hernandez A, Garcia J, Velasquez S.
Nutritional issues in pediatric oncology: an international collaboration
between the Central American Nurses Cooperative Group and
U.S.-based dietary and nursing experts. Pediatr Blood Cancer
2008;50(6):1298–300.

82. Garcia M, Chismark EA, Mosby T, Day SW. Development and
validation of a nutritional education pamphlet for low literacy pediatric
oncology caregivers in Central America. J Cancer Educ 2010;25(4):
512–7.

83. Caniza MA, Maron G, Moore EJ, Quintana Y, Liu T. Effective hand
hygiene education with the use of flipcharts in a hospital in El Salvador.
J Hosp Infect 2007;65(1):58–64.

84. Mosby TT, Romero AL, Linares AL, Challinor JM, Day SW, Caniza
M. Testing efficacy of teaching food safety and identifying variables
that affect learning in a low-literacy population. J Cancer Educ
2015;30(1):100–7.

85. Peccatori N, Ortiz R, Rossi E, Calderon P, Conter V, Garcia Y,
Biondi A, Espinoza D, Ceppi F, Mendieta L, et al. Oral nutritional
supplementation in children treated for cancer in low- and middle-
income countries is feasible and effective: the experience of the
Children’s Hospital Manuel de Jesus Rivera “La Mascota” in Nicaragua.
Mediterr J Hematol Infect Dis 2018;10(1):e2018038.

86. Gurlek Gokcebay D, Emir S, Bayhan T, Demir HA, Gunduz M,
Tunc B. Assessment of nutritional status in children with cancer and
effectiveness of oral nutritional supplements. Pediatr Hematol Oncol
2015;32(6):423–32.

87. Bayram I, Erbey F, Celik N, Nelson JL, Tanyeli A. The use of a
protein and energy dense eicosapentaenoic acid containing supplement
for malignancy-related weight loss in children. Pediatr Blood Cancer
2009;52(5):571–4.

88. Israels T, Borgstein E, Jamali M, de Kraker J, Caron HN, Molyneux
EM. Acute malnutrition is common in Malawian patients with a Wilms
tumour: a role for peanut butter. Pediatr Blood Cancer 2009;53(7):
1221–6.

89. Israels T, Renner L, Hendricks M, Hesseling P, Howard S, Molyneux
E. SIOP PODC: recommendations for supportive care of children with
cancer in a low-income setting. Pediatr Blood Cancer 2013;60(6):899–
904.

90. Paw Cho Sing E, Robinson PD, Flank J, Holdsworth M, Thackray J,
Freedman J, Gibson P, Orsey AD, Patel P, Phillips R, et al. Classification
of the acute emetogenicity of chemotherapy in pediatric patients: a
clinical practice guideline. Pediatr Blood Cancer 2019;66(5):e27646.

91. Gyawali B, Poudyal BS, Iddawela M. Cheaper options in the
prevention of chemotherapy-induced nausea and vomiting. J Glob
Oncol 2016;2(3):145–53.

92. Robertson J, Magrini N, Barr R, Forte G, Ondari C. Medicines
for cancers in children: the WHO model for selection of essential
medicines. Pediatr Blood Cancer 2015;62(10):1689–93.

Body composition priorities in childhood cancer 223


	Perspective: Creating the Evidence Base for Nutritional Support in Childhood Cancer in Lowand Middle- Income Countries: Priorities for Body Composition Research
	Introduction
	Current Status of Knowledge
	Assessing body composition in children with cancer in LMICs
	Understanding the impact of cancer on body composition
	Understanding the impact of body composition on childhood cancer outcomes
	Nutrition support for childhood cancer in LMICs

	Conclusions
	Acknowledgments
	References


