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abstract

PURPOSE The objective of this systematic review was to describe nutrition-related publications on children and
adolescents diagnosed with cancer in Brazil.

METHODS The methodology followed that of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses. Medline, LILACS (the Latin American & Caribbean Health Sciences Literature), and Embase were
searched in April 2019, and data extraction and rating of methodologic study quality (according to the National
Institutes of Health quality score assessment) were performed independently by reviewers.

RESULTS Twenty-seven studies met the inclusion criteria, reporting on 3,509 patients from 1994 to 2018. Most
of the studies (74%) were of poor quality in methodology and reporting. Different cancer diagnoses were
included in 52% of studies, whereas acute leukemia was the exclusive focus in 41%. The majority of the articles
(70%) were from institutions in the Southeast Region of Brazil, mainly the state of São Paulo (74%); no
publications were from the North Region of the country. Twelve studies addressed nutritional status and body
composition, reporting an abundance of malnourished patients in the Brazilian population of children and
adolescents with cancer. Six studies on micronutrients pointed to possible deficiencies in this population, with
a yet unclear but promising role for supplementation during treatment.

CONCLUSION Evidence indicates that there is great interest in the impact of nutrition on childhood cancer
treatment and clinical outcomes in Brazil. However, there is a need to focus on high-quality research, particularly
with multicentric/national studies. This will help establish research priorities and better planned clinical in-
terventions, adapted to each region of the country.

JCO Global Oncol 6:242-259. © 2020 by American Society of Clinical Oncology
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INTRODUCTION

Of the estimated 400,000 annual incident cases of
cancer in children 0 to 14 years of age worldwide,1 more
than 80% of those diagnosed live in low- and middle-
income countries (LMICs).2 In Brazil, an upper-middle-
income country, there are approximately 12,500 new
patients each year among 1- to 19-year-olds, and
cancer currently represents the leading cause of death
by disease in this age group.3 With an increasing pe-
diatric population undergoing treatment for cancer, the
need for timely supportive care, including nutritional
interventions, is of considerable importance.

The impact of poor nutritional status, both undernu-
trition and overnutrition, on clinical outcomes (in-
cluding survival) is well recognized. Such conditions
can increase treatment-related morbidities and mor-
tality, as well as health care costs and abandonment of
therapy.4-9 Moreover, studies in children with acute
lymphoblastic leukemia (ALL) have demonstrated that

the remediation of compromised nutritional status
during treatment can improve survival, which supports
the hypothesis that nutritional status is a modifiable
risk factor for adverse outcomes.10,11 However, there is
a significant gap in the literature regarding high-quality
research on the relationship between nutrition and
cancer in children in LMICs, including in Brazil, which
creates obstacles to determining the optimal standards
of nutritional care for this patient population and re-
mains a barrier to setting educational and research
priorities, thereby preventing the field from advancing.
The purpose of this review was to describe published
nutrition-related data in children and adolescents di-
agnosed with cancer in Brazil.

METHODS

The systematic review methodology was guided by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA).12 The electronic databases
of Medline, LILACS (the Latin American & Caribbean

ASSOCIATED
CONTENT

Appendix

Data Supplement

Author affiliations
and support
information (if
applicable) appear at
the end of this
article.

Accepted on
November 21, 2019
and published at
ascopubs.org/journal/
go on February 19,
2020: DOI https://doi.
org/10.1200/JGO.19.
00285

242

https://ascopubs.org/doi/suppl/10.1200/JGO.19.00285
http://ascopubs.org/journal/go
http://ascopubs.org/journal/go
http://ascopubs.org/doi/full/10.1200/JGO.19.00285
http://ascopubs.org/doi/full/10.1200/JGO.19.00285
http://ascopubs.org/doi/full/10.1200/JGO.19.00285


Health Sciences Literature), and Embase were searched sys-
tematically from inception through April 2019. The inclusion
criteria were (1) children ages 0 to 18 years with a cancer
diagnosis, (2) nutrition-related investigations, and (3) studies
conducted in Brazil. There was no language restriction. Pub-
lications that were not indexed, case reports or reviews were
excluded. Search strategies are outlined in Appendix Table A1.

Titles and abstracts of references were reviewed by two au-
thors (K.V. andR.D.B.) independently. Lack of consensuswas
resolved by consultation with a third author (E.J.L.). Potentially
relevant publications were retrieved for full-text review.

Data were extracted by two authors (K.V. and L.A.) and
verified independently by one author (E.J.L.). Attempts
were made to contact authors for additional information
when appropriate. Extracted data comprised state of

origin, year, study design, sample size, diagnoses, treat-
ment consortium and regimen, definition and categoriza-
tion of anthropometric data, treatment-related toxicity, and
survival data. Because of heterogeneity of the data and the
small number of clinical trials evaluating a single diagnosis,
statistical analysis was not feasible.

RESULTS

Figure 1 is a flow diagram of the search strategy results on
the basis of the PRISMA template. After removal of du-
plicates, 794 articles met initial search criteria. A full-text
review was conducted on 40 articles, 27 of which met
eligibility criteria and were included in the analysis. In-
cluded studies reported on a total of 3,509 patients be-
tween 1994 and 2018. Study characteristics are detailed in
Tables 1 and 2.

CONTEXT

Key Objective
To describe nutrition-related publications in children and adolescents diagnosed with cancer in Brazil.

Knowledge Generated
Seventy-four percent of included studies were of poor quality. The majority of articles were from

institutions in the Southeast Region of Brazil, with no publications from the North Region of the country.
Relevance

There is a need to focus on high-quality research, particularly with multicentric studies representative of all regions of the
country, in order to establish research priorities and better planned clinical interventions.
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Study Quality

National Institutes of Health quality score assessment13 for
all included studies was calculated independently by two
authors (K.V. and L.A.) and presented in Appendix Table
A2. There were 15 initial disagreements, narrowed down to
12. After discussing with 2 more authors (E.J.L. and
R.D.B.), all disagreements were resolved. Most studies
(74%) were of poor quality (scoring , 8/14) in design and
reporting, whereas the others were of fair and good
quality.8,13

Study Characteristics

The majority of studies (52%) included patients with dif-
ferent cancer diagnoses, followed by studies focused on
patients with acute leukemia (41%). Five articles (19%)
were published in Brazilian Portuguese, whereas the rest
were in the English language. Most studies were cross-
sectional (70%), mainly retrospective chart reviews, and
there were three clinical trials. The majority of the articles
(63%) were published in the last decade and represented
institutions located in the Southeast Region of Brazil (70%),
mainly the state of São Paulo (74%), whereas no publi-
cations were from the North Region.

Results by Primary Outcome

Nutritional status and body composition. Thirteen studies
addressed nutritional status and body composition
(Table 1).14-26 Overall, the prevalence of underweight pa-
tients at diagnosis varied from 6% to 25% and during
treatment from 10.5% to 52.4%. In patients with ALL, the
most studied diagnosis, the prevalence of underweight
varied from 6% to 21.2% at diagnosis,19,24-26 increasing to
52.6% in one study that assessed patients after at least one
chemotherapy cycle.16 Stunting prevalence ranged from
8.9% to 42.9%,14-16,22,24,25 and one good-quality study
reported growth deficit during and several years after
treatment, with a negative impact on the final height,
particularly in children younger than 4 years of age and in
those who received cranial irradiation.26 Overweight and
obesity, however, had a reported prevalence of 4.1%-35%
at diagnosis,19,20,23,26 and 7.2%-57.9% during or after
treatment.14-17,23 In one study of patients with cranio-
pharyngioma, 68.4% reported increased waist circumfer-
ence, with a 44% prevalence of metabolic syndrome. This
study also found that obesity at diagnosis was predictive of
metabolic syndrome (OR, 6.1; P = .031).23 Another study
found overweight patients to have lower lean mass per-
centage on average (67.9%) than well-nourished (87.3%)
or undernourished (84.1%) patients.17

Three studies compared different anthropometric mea-
surements to assess nutritional status in patients with
several cancer diagnoses. One found strong to moderate
correlations between triceps skinfold thickness (TSFT) and
body mass index (BMI; r = 0.8), as well as fat mass (r =
0.74) and fat-free mass (r = 0.76) measured by bioelectric
impedance analysis.17 Another study concluded that TSFT

and mid–upper arm circumference (MUAC) detected
more patients with malnutrition than BMI or weight-for-
height (W/H) z scores (P , .05).18 The third study found
no differences in nutritional status according to BMI,
MUAC, and TSFT (P . .05).20

Regarding the impact of undernutrition on outcomes,
Pedrosa et al22 found no relationship between nutritional
status at diagnosis and survival (height-for-age [H/A] P =
.229; weight-for-age [W/A] P = .996; W/H P = .887),
whereas good-quality studies from Viana et al24,25 found W/A
at diagnosis to be unfavorable for prognosis (P = .0005).
Moreover, stunting at diagnosis increased the risk of re-
lapse 8.2-fold (95% CI, 3.1 to 21.9-fold) in one study24 and
2.2-fold (95% CI, 1.2 to 4.1-fold; P = .015) in another.25

Additionally, children with H/A z score above −1.28 at
diagnosis had a 50% 8-year disease-free survival, com-
pared with 0% for those with a z score lower then -1.28
(P = .000).25 In contrast, Gelelete et al19 found 5-year
event-free survival of patients who were overweight/obese
at diagnosis to be lower (67% v 81%; P = .03) than in
nonoverweight/nonobese patients, reporting an overweight/
obesity hazard ratio of 1.92 (95% CI, 1.42 to 2.60, P =
.031). Last, one study investigated different ALL immu-
nologic subtypes and was unable to demonstrate an as-
sociation with W/A or H/A z score at diagnosis.21

The interpretation of these findings is challenging because
of the heterogeneity of methodologies, as well as the
classification of nutritional status. However, it seems clear
that malnourished patients, both undernourished and
overnourished, are widely prevalent in the Brazilian pop-
ulation of children and adolescents with cancer.

Energy needs and clinical intervention. Four studies
addressed energy needs or tested clinical interventions
(Table 2).27-30 One article reported no evidence of in-
creased energy expenditure or change in lipid and car-
bohydrate metabolism in children with cancer compared
with a healthy control group.27 Another study evaluated
the use of parenteral nutrition (PN), reporting that most
patients (82%) did not meet the recommended energy
requirements despite receiving PN.28 In contrast, in a good-
quality study evaluating the use of enteral nutrition via
feeding tube in patients undergoing hematopoietic stem
cell transplantation (HSCT), 47.2% met an indication for
this intervention, and no major complications were
observed.29 A fourth study evaluated the impact of oral
supplementation on nutritional status and found im-
provement in TSFT from week 0 to week 12 of the in-
tervention (P , .02).30 The available studies are difficult to
interpret because of the heterogeneity of objectives and
designs, and reinforce the need to further understand
nutritional therapy and its impact on Brazilian children with
cancer.

Micronutrients. Six studies explored micronutrient status
among children with cancer (Table 2).31-36 One reported
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that 70% of children were classified with vitamin C
deficiency.31 A study of good quality examined vitamin D
(25-hydroxyvitamin D) and found that 32% were deficient
before HSCT and became more deficient after HSCT
(P = .01).32 Another good-quality study supplemented
participants with selenium (27 to 100 mg/day, according to
age), which led to higher levels of immunoglobulin (Ig) A
and IgG in patients with solid tumors (P = .0051 and P =
.0055) and fewer neutropenia episodes during chemo-
therapy in patients with leukemia/lymphoma and solid
tumors.34 Three studies focused on zinc in patients with
acute leukemia; the first reported lower serum levels than in
controls (P , .05) and dietary intakes below the recom-
mended values.35 The second observed that serum zinc
levels remained unaltered during treatment,36 whereas the
third was a good-quality study that observed no increase in
plasma zinc concentrations (P = .217) with supplemen-
tation (2 mg/kg/day; maximum, 60 mg/day). Supplemen-
tation was associated with weight gain (P = .032) and
reduction in the number of episodes of infection (P = .02).33

Two studies reported on copper. One study found higher
serum levels in patients with ALL compared with controls
(P , .05) and intake below recommended values,35

whereas another observed that copper levels decreased
at the beginning of treatment.36 Taken together, these
studies seem to point to possible micronutrient deficiencies
in children with cancer in Brazil, with an unclear but
promising role for supplementation during treatment.

Survivors. Four studies examined the impact of treatment
on the nutrition of survivors (Table 2).21,25,37-40 Two studies
examined ALL survivors, the first reporting higher serum
leptin levels (P, .05) and larger waist circumference (P,
.05) in cases compared with controls, with no differences in
hip circumference, waist-to-hip ratio, and BMI-for-age z
score (P . .05).38 The second study reported 23.4%
prevalence of vitamin D insufficiency, 22.8% prevalence
of overweight, and 15.8% prevalence of obesity. There was
no correlation between nutritional status and exposure
to radiation (P = .28). The authors also found that pa-
tients at risk for low bone mineral density had lower values
of lean body mass measured by dual-energy x-ray
absorptiometry (P = .03).37 Another study analyzed me-
dulloblastoma survivors and showed increased waist cir-
cumference (P = .024), waist-to-hip ratio (P = .001), and
waist-to-height ratio (P = .018) compared with controls.39

By comparison, a study that evaluated the dietary intake
of survivors of several types of cancer reported that
25.5% were overweight/obese and had low consumption of
fiber, polyunsaturated and monounsaturated fats, and
some micronutrients, such as vitamin E, calcium, and
selenium.40 Overall, these studies indicate that survivors
might be at a higher risk for metabolic disease because of
elevated anthropometric indicators and that there is an
evident need for nutritional education on healthy eating
habits.

DISCUSSION

To the authors’ knowledge, this is the first systematic review
of nutrition in children with cancer in an LMIC setting,
applying rigorous criteria. A small number of Brazilian
studies were identified, approximately 1.1 indexed publi-
cations per year, increasing to approximately 1.7 per year
in the last decade. This is an insufficient amount in such
an essential and growing field of research. Moreover, some
of those publications were in the Brazilian Portuguese
language, inaccessible to most of the global research
community.

Most studies were of poor methodologic quality, based on
retrospective chart reviews, thereby limiting our conclu-
sions. Additionally, many studies included patients with
different tumor types, with resulting difficulty in compari-
sons deriving from different disease burdens and treat-
ments. Of the studies that focused on specific diagnoses,
the majority were hematologic tumors, highlighting the
need to also study patients with CNS and solid tumors.

A great discrepancy was noted in the number of publi-
cations among different states and regions of Brazil, with
the majority of them from the Southeast Region, especially
São Paulo. This reinforces the requirement for more rep-
resentative data from the country, especially from regions
such as the north, which has the highest prevalence of
stunting in children younger than 9 years old, and the
northeast, with the highest prevalence of underweight
children and adolescents.41 Furthermore, although not
surprisingly, these under-represented regions are the ones
with the greatest prevalence of food insecurity in Brazil.42

The authors also observed the nonexistence of national or
even multicentric studies on nutrition in pediatric oncology,
studies that could bridge the gap in representation of the
population of a vast and economically diverse country.

The variations in the prevalences found in nutritional status
studies reflect a global lack of standardization on methods
to clearly define undernutrition and overnutrition, diversity
in the studied populations (different ages and diagnoses),
and the country’s socioeconomic inequality. The reported
prevalence of underweight patients at diagnosis was ap-
proximately 1.5 to 7 times higher than that of the Brazilian
population data for children (4.1%) and adolescents
(3.4%),41 and 4.5 to 19 times higher than data repre-
sentative of South America (1.3%).43 The prevalence of
stunting was 1.2 to 6 times higher than the national and
South American reported prevalences (7.1%).43 Con-
versely, the prevalence of overweight or obese patients at
diagnosis was compatible with Brazilian population data
(overweight, 20.5%-33.5%; obese, 4.9%-14.3%); how-
ever, our study suggests a higher prevalence during and
after treatment (1.7 times the national prevalence).41,43

Endemic rates of stunting were found in either older
publications when measured at diagnosis or in studies that
assessed patients during treatment. In the first case, this
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might be a reflection of the progressive reduction of height
deficit prevalence over the decades in Brazil, which has
been associated with the increase of family income, partly
attributed to social welfare programs, such as Bolsa
Famı́lia.41,44 In the latter, treatment may be accountable for
such results, because stagnant growth during cancer
treatment has been previously reported for children with
ALL in both LMICs and high-income countries.26,45

The prevalence of vitamin D deficiency reported by Campos
et al32 is lower than previously stated in the literature for
children with cancer,46,47 but aligned with national data.48

Patients were from different regions of Brazil, with varying
incidences of solar radiation in latitudes between −30° to
−5°, which might explain this observation. The remaining
studies that evaluated micronutrient levels were limited
because of their reliance on serum micronutrient values
reflecting recent dietary intake rather than nutrient de-
ficiencies. Therefore, the results should be interpreted with
caution for the studies reporting on selenium, vitamin C,
and zinc.

In comparison with published studies from the United
States, the results of our review found the same or lower
prevalences of overweight and obesity among survivors of
childhood cancer.37,38,49,50 Concurring with a meta-analysis
by Zhang et al,49 our review confirmed no correlation of
overweight/obesity with previous exposure to cranial radi-
ation. One study reported on the diet of childhood cancer
survivors40 and found low consumption of fiber, vitamin E,
and calcium, as was found also by studies on ALL
survivors,51,52 studies during treatment of ALL (calcium,
fiber, zinc, and vitamins D and E),53 and studies in
childhood cancer survivors in general (calcium).52 The
results suggest similar suboptimal dietary intakes among
Brazilian children with cancer compared with children in
the United States; however, variations in nutrient databases
limit direct study comparisons.

In this review we were unable to stratify nutritional out-
comes according to the advance in access to medical
cancer care in Brazil. The Brazilian Society of Pediatric
Oncology was established in 1981, enabling treatment
protocols for all cancer diagnoses and improving care, as
well as access to care all over the country, with an in-
creasing number of registered treatment centers, resulting
in a positive impact on survival. Figure 2 reflects the im-
provement of outcomes in a single major Brazilian in-
stitution. However, many patients in Brazil are treated per
protocol, not in a clinical trial, reflecting a deficit in trial
enrollments.

Other limitations of this systematic review include a pub-
lication bias, because we only included indexed journals,
and there may have been some Brazilian studies pub-
lished in this field in nonindexed periodicals. Furthermore,
the heterogeneity of themes led to the impossibility of
statistical analysis of the data. Despite these limitations,

the data suggest that there is great interest in the role of
nutritional status and micronutrients in childhood cancer
treatment and clinical outcomes in Brazil. Nutritional
intervention studies and publications focused on survivors
are scarce.

In conclusion, the authors identified a requirement in Brazil
to focus on and invest in high-quality research in the field of
nutrition in pediatric oncology. There is a particular need to
engage in multicentric/national studies that will help es-
tablish research priorities and better planned clinical in-
terventions, as well as educational strategies, tailored and
adapted to each region of the country. In 2017, a part-
nership was established between the Brazilian Society of
Pediatric Oncology and International Society of Paediatric
Oncology through a nutrition task force, aiming to bridge
that gap.54 The support from such organizations is pivotal in
improving nutrition research in pediatric oncology in Brazil,
as well as implementing nutritional evaluations nationally at
systematic time points. Some suggestions for specific re-
search that could be undertaken are:

1. Prospective cohorts of patients with a single diagnosis or
diagnoses that make clinical sense to group, especially
solid tumors, to better understand how nutritional var-
iables behave during treatment;

2. Prospective national diet quality and nutrient intake
study, representative of different states and cultures;

3. Longitudinal multicentric trial on early nutrition therapy
intervention in patients with selected diagnoses, such as
medulloblastoma and osteosarcoma; and

4. Clinical trials focusing on specific nutrition interventions,
such as protein intake, and their impact on body
composition and outcomes.

Overall, it is critical to increase the representation from the
under-represented regions in the literature. This may be the
way to advance studies of nutrition in children with cancer,
not only in Brazil but also in other LMICs.
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APPENDIX

TABLE A1. Search Strategies
Database Search Terms

Medline (((cancer) OR malignancy) OR oncology) AND (((((child) OR children) OR childhood) OR pediatric) OR pediatric) AND
((((((((((((((((((((((obesity) OR overweight) OR weight) OR malnutrition) OR undernutrition) OR malnourished) OR fat) OR arm)
OR diet) OR micronutrients) OR vitamins) OR dietary intake) OR body mass index) OR thinness) OR body composition) OR
body size) OR growth) OR nutrition) OR nutritional status) OR enteral nutrition) OR parenteral nutrition) OR supplement) AND
(Brazil)

Embase (((cancer) OR malignancy) OR oncology) AND (((((child) OR children) OR childhood) OR pediatric) OR pediatric) AND
((((((((((((((((((((((obesity) OR overweight) OR weight) OR malnutrition) OR undernutrition) OR malnourished) OR fat) OR arm)
OR diet) OR micronutrients) OR vitamins) OR dietary intake) OR body mass index) OR thinness) OR body composition) OR
body size) OR growth) OR nutrition) OR nutritional status) OR enteral nutrition) OR parenteral nutrition) OR supplement) AND
(Brazil)

LILACS ((tw:(cancer)) OR (tw:(malignancy)) OR (tw:(oncology))) AND ((tw:(child)) OR (tw:(children)) OR (tw:(childhood)) OR
(tw:(pediatric)) OR (tw:(pediatric))) AND ((tw:(obesity)) OR (tw:(body mass index)) OR (tw:(nutritional status)) OR
(tw:(malnutrition)) OR (tw:(fat)) OR (tw:(weight)) OR (tw:(overweight)) OR (tw:(thinness)) OR (tw:(body composition))
OR (tw:(growth)) OR (tw:(body size)) OR (tw:(underweight)) OR (tw:(undernutrition)) OR (tw:(malnourished)) OR (tw:(dietary
intake)) OR (tw:(diet)) OR (tw:(micronutrients)) OR (tw:(vitamins)) OR (tw:(enteral nutrition)) OR (tw:(nutrition)) OR (tw:
(parenteral nutrition)) OR (tw:(supplement))) AND (tw:(Brazil))

Abbreviation: Latin American & Caribbean Health Sciences Literature.
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