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Abstract

Background A compromised nutritional status jeopardizes a positive prognosis in acute lymphoblastic leukemia
(ALL) patients. In low- and middle-income countries, ~ 50% of children with ALL are malnourished at diagnosis time,
and undergoing antineoplastic treatment increases the risk of depleting their nutrient stores. Nutrition interventions
are implemented in patients with cancer related malnutrition. We aimed to evaluate the effect of nutrition interven-
tions in children diagnosed with ALL under treatment.

Methods Using a predefined protocol, we searched for published or unpublished randomized controlled trials
in: Cochrane CENTRAL, MEDLINE, EMBASE, LILACS, and SciELO, and conducted complementary searches. Stud-
ies where at least 50% of participants had an ALL diagnosis in children < 18 years, active antineoplastic treatment,
and a nutrition intervention were included. Study selection and data extraction were conducted independently
by three reviewers, and assessment of the risk of bias by two reviewers. Results were synthesized in both tabular
format and narratively.

Results Twenty-five studies (out of 4097 records) satisfied the inclusion requirements. There was a high risk of bias
in eighteen studies. Interventions analyzed were classified by compound/food (n=14), micronutrient (n=8),

and nutritional support (n=3). Within each group the interventions and components (dose and time) tested were
heterogeneous. In relation to our primary outcomes, none of the studies reported fat-free mass as an outcome.
Inflammatory and metabolic markers related to nutritional status and anthropometric measurements were reported
in many studies but varied greatly across the studies. For our secondary outcomes, fat mass or total body water were
not reported as an outcome in any of the studies. However, some different adverse events were reported in some
studies.

Partial results were presented and published at the Nutrition Live 2022
conference of the American Society for Nutrition (Guzman-Leon AE, Arroyo B,
Astiazaran-Garcia H, Avila-Prado J, Bracamontes-Picos L, Haby M, Lopez-Teros
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Conclusions This review highlights the need to conduct high-quality randomized controlled trials for nutrition inter-
ventions in children with ALL, based on their limited number and heterogeneous outcomes.

Registration of the review protocol Guzman-Ledn AE, Lopez-Teros V, Avila-Prado J, Bracamontes-Picos L, Haby
MM, Stein K. Protocol for a Systematic Review: Nutritional interventions in children with acute lymphoblastic leuke-
mia undergoing an tineoplastic treatment. International prospective register of systematic reviews. 2021; PROSPERO
CRD:42,021,266,761 (https:.//www.crd.york.ac.uk/prospero/display_record.php?RecordID=266761).
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Background

Leukemia is the most common cancer in children,
accounting for 1~3 cases of pediatric cancer) [1-3].
Additionally, three out of four cases of leukemia in
pediatric age correspond to acute lymphoblastic leuke-
mia (ALL) [1-3].

Acute lymphoblastic leukemia (ALL) is a type of can-
cer that starts in the bone marrow, generating muta-
tions in B or T lymphoid progenitor cells, affecting the
ability to proliferate, survive, mature, and accumulate
[3, 4]. Treatment for ALL may impact body composi-
tion and the patient’s nutritional status [e.g., fat-free
mass (FFM) loss, fat mass (FM) increase, fluid reten-
tion] [5-10]. According to recent research, children
with ALL who have a compromised nutritional condi-
tion may be at greater risk of a poor prognosis [6, 11—
15]. In low and middle-income countries, about 50% of
children with ALL are malnourished at diagnosis [5, 8,
16-19]. The World Health Organization defines malnu-
trition as the deficiency, excess, or imbalance in energy
and/or nutrient intake (e.g., underweight, obesity, and/
or micronutrient deficiencies) [20]. Malnutrition mani-
fests as weight changes in its basic form, but the most
relevant clinical alterations are seen in body composi-
tion (distribution and proportion of FM and FFM) [5,
14, 15, 20, 21].

A higher risk of infections, poor treatment efficacy
(e.g., tolerance and adherence), a lower survival rate, and
death have also been linked to malnutrition at the time
of diagnosis or during antineoplastic treatment (also
known as anticancer, chemotherapy, chemo, cytotoxic,
or hazardous drugs) [5, 17, 22—24]. This could be associ-
ated with malnutrition mediated changes, such as inflam-
mation, increased energy expenditure, low or excessive
caloric intake, and alterations in metabolic pathways [5,
14,21, 25].

Due to medication side effects, pediatric patients with
ALL undergoing antineoplastic therapy may experi-
ence decreased oral food intake/tolerance or increased
losses (e.g., vomiting, diarrhea, or renal losses), increas-
ing the risk of malnutrition [19, 21, 26]. Additionally,
the use of steroids during treatment might be accompa-
nied by increased intake of energy-dense foods with low

nutritional value, increasing the risk of weight gain and
micronutrient deficiencies [5, 12, 27, 28].

Meeting nutritional requirements in pediatric patients
with ALL is challenging, frequently leading to the use of
oral, enteral, or parenteral nutritional support, to com-
pensate for oral intolerance [14, 19, 26, 29-31]. These
nutrition interventions aim to prevent/control/reverse
malnutrition complications associated with the antineo-
plastic treatment, while promoting normal growth [11,
24, 32], improving the quality of life, treatment tolerance,
and immunocompetence [26, 33].

To date, only two published systematic reviews focus
on nutritional support in cancer patients (including
patients with ALL), however, one focused only on child-
hood cancer survivors [32], while the other conducted
the search for studies prior to 2013 [26]. Neither of these
systematic reviews focuses exclusively on patients with
ALL. Here we conduct an in-depth analysis of the avail-
able information on ALL in pediatric patients who are
under active antineoplastic treatment. It is important
to understand the physiological/metabolic changes that
occur due to the disease and treatment, which can in turn
modify the patients’ nutritional needs and body composi-
tion. With this review we aim to assess the effect of dif-
ferent nutrition interventions designed to improve the
body composition and nutritional status of children with
ALL undergoing antineoplastic oncological treatment.

Methods

This systematic review was designed and developed
based on the Cochrane Collaboration Handbook [34]
and reported following the updated PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis) [35] statement. The protocol was registered
and available in the database of the International Pro-
spective Register of Systematic Reviews (PROSPERO:
CRD42021266761) [36].

Inclusion criteria
Types of studies
Only randomized controlled trials were included.
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Types of participants

Studies evaluating patients up to 18 years of age diag-
nosed with ALL receiving antineoplastic treatment
were included. Participants could be male or female,
outpatient or hospitalized, and undergoing treatment
in public or private hospitals/clinics. Studies includ-
ing participants over 18 years of age were considered
when the population under 18 years of age represented
at least 50% of the total sample. Studies that evaluated
participants with cancer diagnoses other than ALL
were included if at least 50% of the total sample had a
diagnosis of ALL.

Types of interventions

Interventions including any type of nutritional treatment
were considered (e.g., oral, enteral [EN], parenteral [PN],
macro and micronutrients, with or without specific sup-
plementation). There was no restriction on the length of
the intervention or follow-up. For this review, nutritional
support intervention (EN or PN) was defined as the
administration of macro and/or micronutrients instead
of, or in addition to, normal oral intake [26]. We included
vitamins, minerals, and micronutrient supplementation.
Normal oral intake was considered when the patients
were orally consuming the foods they reach for on a reg-
ular basis, i.e., their normal diet.

Types of comparisons

No intervention (e.g., standard care, placebo). Studies
that compared alternative nutrition interventions were
also considered. Examples of interventions that could
be compared include nutritional support (EN or PN) vs
usual food intake; EN vs PN; usual food intake vs modi-
fied diet in macro/micronutrients; and usual intake vs
specific nutrient.

Types of outcome measures
Primary outcome measures included: fat-free mass
(FEM); inflammatory and metabolic markers related to
nutritional status (e.g., serum albumin, pre-albumin,
C-reactive protein, interleukins, TNF, cytokines); and
anthropometric measurements (body circumferences,
skinfolds, body mass index [BMI], and body weight). Sec-
ondary outcome measures included: fat mass (FM); body
water; and adverse events (e.g., frequency, duration, or
severity of diarrhea, nausea, vomiting, mucositis, hospi-
talization days, abnormal biochemical profiles).
Publications in any language were included and there
were no date restrictions. Both published and gray lit-
erature were included. Studies conducted in any country,
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including low-, middle- and high-income countries were
considered.

Search strategy

The following electronic databases were searched

between inception and September 2021

Cochrane Central Register of Controlled Trials (CEN-
TRAL), MEDLINE (Ovid), EMBASE (Ovid), SciELO,
and LILACS. Text words and controlled vocabulary were
combined in the search strategies and can be found in
Supplementary file 1.

Supplementary searching included

The detailed supplementary search can be found in the
SR protocol [36]. In brief, it included the reference list of
included studies, hand searching the conference proceed-
ings of different international organizations, searching
research registers for ongoing or unpublished trials, and
dissertations & theses.

Selection of studies

Three review authors (AEGL, JAP, and LRBP) indepen-
dently performed the screening of the titles and abstracts
against the inclusion criteria, and the full text of any
potentially relevant record identified by any reviewer
was retrieved for closer examination. The inclusion cri-
teria were applied independently against the full text of
the selected papers by three reviewers. Three review-
ers independently assessed the full texts of the chosen
records against the inclusion criteria (AEGL, JAP and
LRBP). Discussion and consensus were used to settle
disagreements over the studies’ eligibility. When doubts
remained, third-party arbitration was used (VLT, MMH).

Data extraction
Three review authors (AEGL, JAP, and LRBP) inde-
pendently extracted data from each article using a
standardized form in Microsoft Excel. The following
information was extracted for each trial: characteristics
of study (author and year of publication, country and
year/s of study intervention, type of study); character-
istics of participants (number, age, percentage of males,
socioeconomic status, and current cancer treatment);
characteristics of the intervention (type of nutrition
intervention, description of the intervention, frequency,
duration, and doses); outcomes measured; and results.
Review Manager (RevMan 5) [37] was used to analyze
quantitative outcome data from the included studies.
When necessary, the authors of the studies with miss-
ing or unexplained data were contacted. Following the
data entry by one review author (AEGL), two additional
review authors (JAP and LRBP) independently veri-
fied the data entry. Discussion and consensus were used
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to settle disagreements among review authors on data
extraction. Third-party arbitration was applied when
necessary (VLT, MMH).

Assessment of risk of bias in included studies

Two independent review authors (AEGL, VLT) evalu-
ated the risk of bias of the included studies using the risk
of bias items, as described in the module of Cochrane
Childhood Cancer (Module CCG 2014) [38], which are
based on the risk of bias domains from the Cochrane
Risk of Bias tool [39].

The following items were assessed: adequate sequence
generation and allocation concealment (selection bias),
masking or blinding of participants and personnel (per-
formance bias), blinding of outcome assessors (detec-
tion bias), incomplete outcome data (attrition bias), and
selective outcome reporting (reporting bias). Briefly, for
the assessment of reporting bias due to selective out-
come reporting, when the trial protocol was available,
outcomes specified in the protocol and those published
in the article were compared to evaluate their similarity.
If no protocol was available/published we looked for con-
vincing text in the article that all expected outcomes were
reported, including those pre-specified. If no convinc-
ing text was found, this domain was rated as unclear risk
of bias. All the risk of bias items were evaluated as “low
risk of bias”, “high risk of bias’, or “unclear risk of bias”.
Disagreements between review authors were resolved by
discussion, and third-party arbitration was used when
necessary (MMH). Classification of the overall risk of
bias for each study was defined as:

+ Low risk of bias: studies had mostly low and few
unclear risks of bias ratings across all domains.

+ Unclear risk of bias: studies had a mix of low, unclear,
and high risk of bias ratings across the domains.

«+ High risk of bias: studies had high risk of bias ratings
in several domains, being a critical factor perfor-
mance bias.

Strategy for data synthesis

Meta-analysis was conducted where data were reported
for the same outcome from at least two studies. Meta-
analysis was conducted according to the Cochrane Hand-
book for Systematic Reviews of Interventions [34]. We
assessed the mean difference between groups for con-
tinuous outcomes and reported summary estimates with
their 95% confidence intervals. We used a random-effects
model, which is weighted for both within-study and
between-study variation. A narrative overview of the trial
results that were unable to be combined for meta-analy-
sis was provided.
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Heterogeneity in each meta-analysis was assessed
using the I? value, using the categories: low I? (between
0 and 25%), moderate I* (between 25 and 50%), high I
(between 50 and 75%), and very high I? (over 75%) [34].
Constructing funnel plots was our intended method for
evaluating non-reporting biases; however, due to the lim-
ited number of studies in each meta-analysis, this was
not feasible in practice.

Results

We identified 4040 records after removal of dupli-
cates (Fig. 1). Of these, 3920 were disqualified after the
first screening (titles and abstracts). The full text of 121
records were evaluated for eligibility, of which 95 records
were excluded for not meeting the inclusion criteria and
one could not be retrieved (Supplementary file 2). In
total, 25 studies met the criteria and were included in this
review [40-64] (Fig. 1).

Table S1 shows the characteristics of the included
studies, which were all randomized controlled trials.
Six studies were conducted in Egypt [40, 51, 55, 56, 59,
63], four in the USA [46, 47, 54, 62], three in Brazil [50,
52, 53], two in each of Iran [41, 43], Turkey [42, 44], and
Spain [57, 58], and one in each of Indonesia [48], China
[49], Malaysia [45], Denmark [60], Venezuela [61], and
Mexico [64]. The following nutrition interventions were
tested, Compound/Food: black seed oil (n=2) [55, 59],
glutamine(n=4) [46, 48, 49, 62], honey (n=2) [40, 56],
probiotics (n=1) [64], soy nut powder (n=1) [41], -3
(n=3) [45, 51, 57], and whey protein hydrolysate (n=1)
[60]; Micronutrient: selenium (7=2) [50, 53], vitamin A
(n=1) [42], vitamin D (n=2) [44, 54], vitamin E (n=2)
[43, 63], and zinc (n=1) [52]; Nutritional support: enteral
nutrition (n=1) [61], individualized nutritional coun-
seling (n=1) [47], and parenteral nutrition (n=1) [58].

Outcomes measured

The relevant outcomes (for this review) reported in each
trial are presented in Table S1. In relation to our three
primary outcomes, none of the included studies reported
fat-free mass as an outcome. Inflammatory and meta-
bolic markers related to nutritional status were reported
in many studies but varied greatly across studies and
interventions. The most frequently reported markers
were hemoglobin (Hb) [40, 41, 43, 65], serum albumin
[43, 49, 58, 59], alkaline phosphatase [44, 51, 59], and
calcium and phosphorus, which were measured in two
trials using vitamin D supplementation [44, 54]. For our
primary outcome of anthropometric measurements, five
studies reported body weight [41, 45, 49, 52, 61], three
reported body mass index [41, 47, 61], and waist cir-
cumference [41, 47] and mid-upper arm circumference
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Fig. 1 PRISMA flow diagram for the systematic review. ALL, acute lymphoblastic leukemia

[45, 61] were each reported in two trials; triceps skinfold
thickness was reported in one trial [49].

For our secondary outcomes, fat mass or total body
water were not reported as an outcome in any of the
studies. However, a range of different adverse events were
reported, including febrile neutropenia [50, 56, 60], days
of hospitalization [48, 62], and chemotherapy complica-
tions [41, 46, 60, 64].

Risk of bias in included studies

The assessments of risk of bias for each study are pre-
sented in Figure S1 and summarized in Fig. 2. Of the 25
included studies two [60, 41] were classified as low risk
of bias, six [46, 40, 48, 51, 52, 56] as unclear risk of bias,
and 17 as high risk of bias [40, 42—45, 47, 49, 50, 53-55,
57-59, 61-64].The lack of allocation concealment (20
studies) [40, 42-50, 52-54, 57-59, 61-64] and lack of
blinding of outcome assessors (20 studies) [40, 42-45,
47, 49-51, 53-59, 61-64] were the main limitations, fol-
lowed by the lack of blinding (participants and personnel)

(18 studies) [40, 42—45, 47, 49, 53-59, 61-64] and ran-
dom sequence generation (13 studies) [42, 44—46, 48, 50,
52, 53,57-59, 61, 63].

Effects of interventions

The results of the included studies for each intervention
are reported in Table 1. All findings, except where other-
wise indicated, should be interpreted cautiously because
most of the included studies have a high risk of bias.

Glutamine

The use of supplementation with glutamine was assessed
in four studies [46, 48, 49, 62] over a range of doses
(Table S1). The risk of bias was low for one study [62],
one had a high risk of bias [49], and two had an unclear
risk of bias [46, 48]. Only one study with high risk of bias
measured our primary outcomes of interest [49]. They
compared the daily use of glutamine-enriched nutri-
tional therapy over the treatment course versus a non-
glutamine control group. Results showed a significant
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Fig. 2 Risk of bias graph. Judgements about each risk of bias item presented as percentages across all included studies. In the x axis are
the percentages, and the y axis shows the different types of bias. In green are classified the studies that meet the criteria for a low risk of bias,
in yellow those with an unclear risk of bias, and in red the ones with high risk of bias

increase in serum albumin (P<0.05) and retinol binding
protein (P< 0.05) concentration.

All four studies assessed our secondary outcomes of
adverse events but using a variety of measures (e.g., bac-
teremia, edema, and oral mucositis). In general, authors
found fewer adverse events in the glutamine intervention
group (Table 1). Only two studies [48, 62] measured the
same adverse event outcome (days in hospital). The ran-
dom effects meta-analysis found a combined reduction of
3.44(95% CI: 1.79 — 5.10) days in the hospital for the glu-
tamine group, but with very high heterogeneity (I>=85%)
(Figure S2), which implies that the result and its applica-
bility in clinical practice should be interpreted cautiously.

Honey

Two studies tested the use of different doses of honey
versus a control group (Table S1) [40, 56]. Only one study
with a high risk of bias measured one of our primary out-
comes (i.e., hemoglobin [40], here they tested a dose of
honey twice weekly for 12 weeks and found an increase
in serum hemoglobin (P<0.001).

Both studies measured the secondary outcomes of
recovery time, febrile neutropenia episodes, number of
patients who developed febrile neutropenia, and number
of days in hospital. In general, they found fewer adverse
events when honey was consumed compared to the con-
trol group (Table 1). These results should be treated with
caution due to the high [40] and unclear risk of bias [56].

Soy nuts
One study [41] with a low risk of bias tested powdered
soy nuts by recommending patients consume one

sachet (30 g) alongside their food every day for 12 weeks
(Table S1). They measured the primary outcomes of body
weight (Kg), BMI, and hemoglobin, and found a signifi-
cant increase in all of them at the end of the intervention
(Table 1), which is a positive outcome of the intervention
since many patients started with undernutrition.

This study also measured the secondary outcome of
adverse events but using a variety of measures (e.g., pain,
fatigue, and nausea). In general, no differences were
observed at the end of the intervention.

Vitamin A

One study [42] with a high risk of bias tested a single
high-dose vitamin A (180,000 IU, 54 mg) supplementa-
tion 24 h before a high dose of methotrexate was pro-
vided (Table S1). They only measure the secondary
outcome of gastrointestinal, hematological, skin, and
systemic toxicity. No differences were found between the
intervention and control group (Table 1).

Whey protein hydrolysate

One study [60] tested the use of whey protein hydro-
lysate and bovine colostrum in sachets. The number
of sachets was defined according to the patient’s body
weight (Table S1). This study had a low risk of bias. They
did not measure any of our primary outcomes but meas-
ured some of our secondary outcomes such as: days
with febrile neutropenia, number of patients with febrile
neutropenia, abdominal pain, and diarrhea. No differ-
ences were observed in these secondary outcomes; how-
ever, the presence of oral mucositis showed a significant
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Table 1 Results of included studies

Author, year Country Overall risk of bias Main findings
and years of
study
Compound/Food
Black seed oil
Hagag, 2015 [59] Egypt High risk ALT (UI/L): 57.1£6.53 vs 103.6 +24.39, P=0.000
2010-2014 AST (UI/L): 59.9425.03 vs 99.85+17.43, P=0.000

ALP (UI/L): 220.85+25.03 vs 482.8+£29.47, P=0.000

Total serum protein (g/dL): P>0.05

Serum albumin (mg/dL): P>0.05

Total bilirubin (mg/dL): 0.83+0.14 vs 2.21 +0.83, P=0.000

Hagag, 2020 [55] Egypt High risk Creatinine (mg/dL): P>0.05
2016-2018 Urea (mg/dL): P>0.05
BUN (mg/dL): P>0.05
Glutamine
Aquino, 2005 [62] USA High risk Days of intravenous narcotic use: 12.1+1.5vs 19.3+2.8, P=0.03
1998-2002 Days of TOTAL PN use: 17.3+1.7 vs 27.3+3.6, P=0.01
Episodes of patients who developed bacteremia: P>0.05
Hospital days: P>0.05
Han, 2016 [49] China High risk Weight (Kg): P>0.05Triceps skinfold (mm): >0.05
2013-2014 Serum albumin (g/L): (32.57 +3.05 vs 27.15+3.29), P<0.05
Serum pre-albumin (mg/L): P>0.05
Retinol binding protein (mg/L): 24.59+5.3 vs 19.52+2.49, P<0.05
Presence of edema: 6 vs 16. P<0.05
Sands, 2017 [46] USA Unclear risk Presence of sensory neuropathy: 11 vs 19, P=0.02
Not reported Presence of motor neuropathy: P=0.559
Side effects: P>0.05, NS
Widjaja, 2020 [48] Indonesia Unclear risk Occurrence of oral mucositis: 4.2% vs 62.5%, P=0.001
Not reported Hospital days: 7.67 +0.59 vs 12+£2.57, P=0.005
Honey
Abdulrhman, 2012 [56] Egypt Unclear risk Recovery time: 4.25+1.25 vs 6.1+£2.47, P=0.0005
2010-2011
Abdulrhman, 2016 [40] Egypt High risk Hemoglobin (g/dL): 11.3+1.23 vs 8.57+1.14, P<0.001
2011-2013 Episodes of febrile neutropenia: P=0.131
Number (%) patients who developed febrile neutropenia: 22% vs 45%, P=0.00004
Hospital days: P=0.126
Probiotics
Reyna-Figueroa, 2019 [64] Mexico High risk Constipation: RR 0.4 (0.2-0.6), P<0.05

Not reported Abdominal distention: RR 0.4 (0.2-0.7), P<0.05
Meteorism: RR 0.5 (0.4-0.7), P<0.05
Diarrhea: RR 0.5 (0.2-1.2), P<0.05
Vomiting: RR 0.4 (0.2-0.7), P<0.05
Dyspepsia: RR 0.6 (0.3-1.2), P<0.05
Nausea: RR 0.5 (0.4-0.8), P<0.05

Soy nut powder

Ramezani, 2018 [41] Iran Low risk Weight (Kg): 22.4+7 vs 18.8+6.4, P=0.001
2016-2017 BMI (Kg/mz): 16.5+2vs152+138,P=0.001
Hemoglobin (g/dL): 11.4£1.6 vs 104+ 1.6, P=0.001
Waist circumference (cm): P=0.616
Pain: P=0.065
Fatigue: 5 (3.5,7.5) vs 6 (34, 8.0), P=0.041, NS
Nausea: P=0.267
Depression: P=0.220
Anxiety: P=0.800
Drowsiness: P=0.319
Appetite: P=0.535
Well-being: P=0.509
Dyspnea: P=0.817

w-3

Abu Zaid, 2012 [45] Malaysia High risk Weight (Kg): P>0.05
2005 MUAC (cm): 6.29+1 vs 5.16 £0.89, P=0.001
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Author, year

Country
and years of
study

Overall risk of bias Main findings

Baena-Gomez, 2013 [57]

Elbarbary, 2016 [51]

Whey protein hydrolysate
Rathe, 2019 [60]

Micronutrient
Selenium
Vieira, 2014 [53]

Rocha, 2016 [50]

Vitamin A
Dagdemir, 2004 [42]

Vitamin D
Orgel, 2017 [54]

Solmaz, 2021 [44]

Vitamin E
Al-Tonbary, 2009 [63]

Bordbar, 2018 [43]

Zinc
Consolo, 2013 [52]

Nutritional support
Enteral Nutrition
Noguera, 2005 [61]

Spain
Not reported

Egypt
Not reported

Denmark
2013-2016

Brazil
2010-2012

Brazil
Not reported

Turkey
2000-2004

USA
2011-2014

Turkey
2011-2012

Egypt
2006-2007

Iran
2014-2015

Brazil
2010-2012

Venezuela
2010

Individualized nutritional counseling

Li, 2016 [47]

USA
Not reported

High risk

Low risk

Low risk

High risk

High risk

High risk

High risk

High risk

High risk

High risk

Unclear risk

High risk

High risk

Cholesterol (mg/dL): P>0.05
Triglycerides (mg/dL): P>0.05
HDL (mg/dL): P>0.05

LDL (mg/dL): P>0.05

Total bilirubin (mg/dL): 0.91+0.4 vs 3.9+ 1.4, P<0.001
ALP (UI/1): 189.6+18.7 vs 519.6 +34.3, P<0.001

ALT (UI/L): 27.8+10.1 vs 69.8+£10.6, P<0.001

AST (UI/L): 40.6+11.2 vs 69.8+10.6, P<0.001

Patients with febrile neutropenia: P>0.05
Days with febrile neutropenia P>0.05
Oral mucositis: 48.28% vs 64.52%, P=0.02
Abdominal pain: P>0.05

Diarrhea: P>0.05

"There were no significant alterations in the analyzed parameters (fatigue, nausea,
appetite loss, physical function) when the data from the beginning of the treat-
ment were compared with those obtained after supplementation with Selenium
and the use of placebo"

Hemoglobin (g/dL): P>0.05

Febrile neutropenia cases: "During the analyzed period, Se supplementation

was able to minimize the triggering of febrile neutropenia cases (characterized

by counts equal to or < 500 neutrophils/mL). Neutropenia was observed in 1
patient at the beginning, 1 patient during Se supplementation, and 3 patients dur-
ing supplementation with placebo. There was a significant increase in the num-
ber of circulating neutrophils during supplementation: from 20 neutrophils/mL
(beginning of the study) to 320 neutrophils/mL (supplementation with Se)"

Gastrointestinal toxicity grade: P>0.05
Hematological toxicity grade: P>0.05
Skin toxicity grade: P>0.05

Systemic toxicity grade: P>0.05

Corrected Ca (mg/dL): P>0.05

Phosphorus (mg/dL): P>0.05

Vitamin D (ng/mL): 26.5+ 124 vs 19+74,NR
Ca (mg/dL): P>0.05

P (mg/dL): P>0.05

Mg (mg/dL): P>0.05

ALP (u/L): P>0.05

Hematological complications N (%): 40% vs 100%, P=0.001

“Hemoglobin (g/dL), Serum protein (g/dL), Serum albumin (g/L): "At the end
of the study, no statistically significant differences were found between groups"

Weight gain (Kg):+2000 g vs+ 100 g, P=0.032
Presence of oral Mucositis: P=0.923

Weight (kg): P>0.05
MUAC (cm): P>0.05
BMI (Kg/m?): P>0.05

BMI (Kg/m?): P>0.05
Waist circumference (cm): P>0.05
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Author, year Country Overall risk of bias Main findings
and years of
study
Parenteral nutrition
Jiménez, 1999 [58] Spain High risk Number of infections: P>0.05

Not reported

Serum prealbumin (g/L): P>0.05

Serum albumin (g/dL): P>0.05

Transferrin (mg/dL): P>0.05

Retinol binding protein (mg/L): P>0.05
Serum cholesterol (mg/dL): P>0.05

HDL (mg/dL): 22.6+12.6 vs 154+9.6, P<0.05
LDL (mg/dL): P>0.05

Triglycerides (mg/dL): P>0.05

ALL Acute lymphoblastic leukemia, ALP Alkaline phosphatase, ALT Alanine aminotransferase, AST Aspartate aminotransferase, BMI Body mass index, BUN Blood urea
nitrogen, Ca Calcium, DHA Docosahexaenoic acid, DRI Dietary reference intakes, DOX Doxorubicin, EPA Eicosapentaenoic acid, HDL High-density lipoprotein, HDMTX
High-dose methotrexate, LCPUFAS Long-chain polyunsaturated fatty acids, LDL Low-density lipoprotein, LCT Long-chain triglycerides, MCT Mid-chain triglycerides, Mg
Magnesium, MUAC Mid-upper arm circumference, NAC N-acetylcysteine, NS No significative difference, RR Relative risk, P phosphorus

reduction between the intervention and the control
group (48.28% vs 64.52%, P=0.02) (Table 1).

Vitamin E

Two studies [43, 63] with a high risk of bias tested vita-
min E, each using a different supplement dose (Table S1).
Only one of the studies measured one of our primary
outcomes of interest [43]. The authors tested a daily
oral dose of vitamin E along with their routine chemo-
therapy drugs; one study [63] measured the secondary
outcome of hematological complications, finding fewer
events (40% vs 100%, P=0.001) in the intervention group
(Table 1).

Vitamin D

Two studies [44, 54] with a high risk of bias tested vita-
min D using different doses (Table S1). Both studies
measured primary outcomes of interest (i.e., inflamma-
tory and metabolic markers related to nutritional status).

Solmaz et. al. [44], tested a single oral dose of vita-
min D3 on day one of chemotherapy. No change was
observed in serum levels of Ca, P, Mg, or alkaline phos-
phatase (Table 1). Similar results were observed by Orgel
et. al. [54], with no differences in serum values of Ca, P,
and Vitamin D (Table 1).

Both studies measured the same primary outcomes (Ca
and P), but the meta-analysis did not show significant
differences between the intervention and control groups
(Ca: 0.11 mg/dL, 95% CI: -0.24 — 0.46; P: -0.26 mg/dL,
95% CI: -0.66 — 0.14) (Figures S3 and S4).

w-3

Three studies [45, 51, 57] tested w-3 using different doses
(Table S1). One study had a low risk of bias [51], and the
other two had a high risk of bias [45, 57]. All three studies

measured different primary outcomes. Elbarbary et. al.
[51], found a significant improvement in the levels of
alkaline phosphatase, alanine aminotransferase, aspartate
aminotransferase, and total bilirubin (Table 1). Results
by Abu Zaid et. al. [45], showed no differences in body
weight after the intervention; however, mid-upper arm
circumference values improved significantly. No differ-
ences were found by Baena-Gdémez et. al. [57], in any of
the variables analyzed (Table 1).

Individualized nutrition intervention

One study[47] with a high risk of bias measured our pri-
mary outcomes of BMI and waist circumference. They
tested an individualized nutrition counseling interven-
tion (guided by a certified dietitian) compared to a stand-
ard care group (nutrition handouts by request, physician
referral, or when nutritional risk was diagnosed) for a
total of 12 monthly follow-up sessions (Table S1). No dif-
ferences were observed between groups at the end of the
intervention (Table 1).

Selenium

Two studies [50, 53] with a high risk of bias tested the use
of different selenium doses. One study [50] measured the
primary outcome hemoglobin but found no difference
between groups. Both studies [50, 53] measured differ-
ent secondary adverse events outcomes, however, no sig-
nificant differences were observed in any of the analyzed
parameters (Table 1).

Zinc

One study [52] with a high risk of bias tested the use of
a syrup containing zinc in the form of a chelate solu-
tion divided into two doses (Table S1). They found no
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significant difference in body weight gain and the pres-
ence of oral mucositis between groups (Table 1).

Black seed oil

Two studies with a high risk of bias tested black seed oil
[55, 59]. Both studies measured one of the primary out-
comes of interest (serum biomarkers). Hagag et. al. [59],
found significant reductions in alkaline phosphatase, ala-
nine aminotransferase, aspartate aminotransferase and
total bilirubin, but no differences in total serum protein
and albumin (Table 1). Hagag et. al. [55], did not find dif-
ferences in creatinine, urea, or blood urea nitrogen levels
at the end of the study.

Parenteral nutrition

One study [58] with a high risk of bias tested a combi-
nation of nutrients using parenteral nutrition (Table S1).
Although, Jiménez et. al., (49) assessed many of our pri-
mary outcomes of interest, only high-density lipoprotein
cholesterol increased significantly post-intervention,
showing a positive effect of the intervention (Table 1).
One secondary adverse event outcome of interest (num-
ber of infections) was measured in this study, but no dif-
ference was found (Table 1).

Enteral nutrition

One study [61] with a high risk of bias utilized an enteral
formula that represented 30% of the individual’s caloric
requirement (Table S1). They measured the primary out-
comes of interest weight, mid-upper arm circumference,
and BMI, but no differences were found between groups
(Table 1).

Probiotics

One study [64] with a high risk of bias tested an oral pro-
biotic supplementation with Lactobacillus rhammnosus
(one sachet) twice a day during the intervention period
(see Table S1). They did not measure any of our primary
outcomes, but they assessed the following secondary
adverse event outcomes: constipation, abdominal disten-
tion, meteorism, diarrhea, vomiting, dyspepsia, and nau-
sea, observing a significant relative risk reduction in all of
the above-mentioned variables (Table 1).

Discussion and conclusion

To the best of our knowledge, this represents the first
systematic review of randomized controlled trials exam-
ining the impact of nutrition interventions (Table S1) on
pediatric oncology patients diagnosed with ALL while
undergoing active antineoplastic treatment. Our review
included twenty-five randomized controlled trials, each
testing different interventions and outcome variables;
consequently, we were not able to pool most of the results
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into a meta-analysis. None of the interventions showed
consistent evidence of a positive effect on the children’s
nutritional status. However, there were indications that
hospitalization days, presence of edema and neuropa-
thy, recovery time, hemoglobin, and gastrointestinal side
effects might be improved using glutamine, honey, black
seed oil, and probiotics (Table 1), but the high risk of bias
of the included trials limits the conclusions that can be
made.

Although some of our primary outcomes of interest
were not measured in the studies included in this sys-
tematic review (e.g. fat free mass, limited reporting of
anthropometric measures), changes in body composi-
tion associated with pediatric ALL treatment have been
reported in cohort and cross-sectional studies [5, 8, 10,
12, 27, 28, 66, 67] (changes in bone density, fat- and fat-
free mass and total body water). Unfortunately to our
knowledge, and as shown in this review, there are no
published RCTs assessing the effect of nutritional inter-
ventions on changes in body composition of patients
diagnosed with ALL. While the evidence suggest that
it is essential to recognize and manage changes in body
composition to improve treatment results in patients
with ALL, the best way to do this remains unclear. This
calls for the use of interdisciplinary cooperation, studies
with larger sample sizes, longitudinal designs, and stand-
ardized measurement instruments. Such efforts can sup-
port professional decision-making, providing a deeper
understanding of how therapy affects multiple aspects
of children’s life, and contribute to developing focused
interventions that improve results.

The heterogeneity of the treatments tested in the tri-
als impacts the applicability and interpretation of this
systematic review [34, 39]. The presence of diverse treat-
ment regimens and outcome measures across studies
makes it challenging to directly compare the interven-
tions for specific outcomes, making it difficult to draw
uniform conclusions. The wide range of treatments also
limits the interpretation and generalizability of the find-
ings for clinical practice.

Interventions using the nutrients analyzed in this
review have been reported in the literature as having
beneficial effects for patients of different ages or with
other types of cancer [68—73]. It is important to note
that ALL is a complex disease, with different stages and
pharmacological treatments that, in turn, interact with
the individuals’ response [7, 24, 74-79]; all these factors
could influence and hinder the effect of the interventions
evaluated in this review.

Previous reviews [26, 32] of nutritional interventions
in pediatric oncology have consistently highlighted the
variability in clinical outcome measures reported. Recent
research [14, 21, 26, 32, 75, 80] and our review emphasize



Guzman-Ledn et al. BMC Nutrition (2024) 10:89

the need to determine the most useful outcome meas-
ures for pediatric oncology trials (since the physiologi-
cal/metabolic changes that occur due to the disease and
treatment could modify the patient’s clinical response,
nutritional needs, and body composition). As a starting
point, we recommend evaluating and reporting the vari-
ables suggested by the Pan American Health Organiza-
tion [81] related to nutritional status, among which are
the Nutrition screening tools (questionnaires), anthropo-
metric measurements (BMI, triceps skinfold, mid-upper
arm and waist circumference), biochemistry exams (liver
and renal function test, lipid and glucose panel, serum
concentration proteins, and micronutrients), dietary
intake (macro- and micro-nutrient intake and dietary
patterns) and when possible body composition (bioelec-
trical impedance analysis and dual x-ray absorptiometry).

Discussion and consensus among a multidisciplinary
and globally representative group of experts is needed to
determine which of these should be prioritized for meas-
urement in trials. In addition to determining the out-
comes of clinical interest in ALL patients [82], research is
needed to determine, and measure, the outcomes that are
important to the patients and their families (e.g. quality
of life) [83—86]. This will contribute to the development
of clinical practice guidelines that follow international
standards [87].

Strengths of this systematic review include the high-
quality methods, including an a priori protocol, and use
of three reviewers for independent screening and selec-
tion of studies, and for data extraction. Also, the review
includes the use of two reviewers for risk of bias assess-
ment. Although randomized controlled trials constitute
the best evidence for interventions [34, 88], our review
was limited by the small number of trials available for
each intervention tested, and the high risk of bias of most
of the included trials. The heterogeneity in the interven-
tions and outcome variables measured also prevented
our ability to make conclusions. A further limitation of
our review was that patients and their families were not
involved in the development and interpretation of this
review.

We recommend that researchers undertaking trials in
this area take greater care to ensure (and report) alloca-
tion concealment, and adequate randomization.

Utilizing centralized randomization techniques like
pharmacy-controlled randomization, sequentially num-
bered, opaque, sealed envelopes, or computer-generated
randomization codes is recommended by Cochrane [34,
39] to ensure the allocation sequence is hidden from indi-
viduals who are active in participant recruitment [34, 39].

Also, the blinding techniques suggested by Cochrane
can reduce the risk of bias of the studies [34, 39]. Some
suggested strategies are the blinding of the participants,
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healthcare professionals who participate in delivering
the intervention, and outcome assessors to the treat-
ment assignment of participants [34, 39]. Finally, con-
sensus among researchers and practitioners in this area
as to what outcomes are most important to measure and
report would also be helpful to ensure the usefulness of
future research [5, 72, 81, 82, 84, 89-91].

Future RCT studies should use international report-
ing guidelines such as the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) [92,
93] and the Consolidated Standards of Reporting Trials
(CONSORT) [94, 95], for the development of the proto-
col and the reporting of results, respectively. Finally, con-
sensus among researchers and practitioners in this area
as to what outcomes are most important to measure and
report would also be helpful to ensure the usefulness of
future research.

In conclusion, nutritional interventions are a complex
issue that require careful consideration and individu-
alized treatment plans. While some supplements may
have potential health benefits, for children with cancer,
maintaining and/or achieving optimal nutritional status
requires an emphasis on serving balanced, healthy meals.
In addition, a nutritional intervention that considers the
use of supplementation should only be considered when
the physician or registered dietitian considers that there
is a risk—benefit relationship that helps the patient.

Although with the interventions analyzed in this
review it is not possible to provide a definitive answer to
the research question, this work highlights the need for
further research in nutrition interventions, specifically
in pediatric patients with ALL undergoing active anti-
neoplastic treatment. High quality randomized trials that
measure the most important outcomes are needed to add
to the evidence base and help clinicians make the best
possible decisions to improve the health and quality of
life of their patients.
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