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Abstract
Background: Undernutrition impacts clinical outcome adversely in children with cancer. This
study aimed to validate a nutritional algorithm with specific application to the low- and middleincome country (LMIC) setting.
Procedure: Fifty children with a new diagnosis of cancer were enrolled in this randomized interventional study. Weight, height/length, and mid-upper-arm circumference (MUAC) were measured at baseline. The study arm was administered nutritional care as per the algorithm and
the control arm received the institutional standard of care. Weight was monitored regularly and
MUAC was repeated after 3 months. Children were classified based on weight for height if <2
years of age or body mass index if ≥2 years, as normal, wasted, and severely wasted. The algorithmic approach comprised administration of oral supplements, nasogastric feeds, and/or parenteral
nutrition based on objective assessment of the nutritional status.
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Results: Fifty patients were analyzed (study: 25, control: 25). Four in the study arm (16%) and six
in the control arm (24%) had wasting at baseline. MUAC was <5th percentile in 15 (60%) and 13
(52%) patients in the study and control arms, respectively. At the end of 3 months, the median
increment in weight was 0.8 kg (interquartile range [IQR]: –0.02; 2.00) and 0.0 kg (IQR: –0.70;
1.25) in the study and control arms, respectively (P = .153). The median increment in MUAC was
1.20 cm (IQR: 0.10; 2.30) and 0.00 cm (IQR: –0.50; 1.10) in the study and control arms, respectively
(P = .020).
Conclusions: The application of an algorithm designed for use in LMICs resulted in significant
improvement in nutritional status, as measured by MUAC.
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under the age of 5 years are stunted and wasted, respectively.7

INTRODUCTION

Optimizing nutritional therapy is a vital step towards closing the
Nutrition is an indispensable aspect of supportive care in children with

survival gap that exists between children with cancer in high-income

cancer. Undernutrition translates into higher morbidity and mortality

countries and those in LMICs.8 The Nutrition Working Group of the

cancer.1–6

In low- and

International Society of Pediatric Oncology (SIOP), committee on

middle-income countries (LMICs), undernutrition is prevalent in the

Pediatric Oncology in Developing Countries (PODC), described a

general population. Thirty-eight percent and 21% of Indian children

resource-adapted framework for assessment of nutritional status and

and an impaired quality of life in patients with

delivery of nutritional care.9 A review of the literature on nutrition
Abbreviations: BMI, body mass index; IQR, interquartile range; LMICs, low- and
middle-income countries; MUAC, mid-upper-arm circumference; NG, nasogastric; PGIMER,
Postgraduate Institute of Medical Education and Research; PODC, Pediatric Oncology in
Developing Countries; WFH, weight for height; WHO, World Health Organization.
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intervention algorithms in pediatric oncology revealed that there is a
paucity of standard algorithms, particularly in LMICs.9 Additionally,
the algorithms identified were complicated and had not been validated
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in a precise manner.9 A pilot study demonstrated the feasibility of

was calculated based on the formula BMI = weight (kg)/height squared

applying an algorithm tailored to the needs of children with cancer in

(m2 ). Children were categorized based on the World Health Organi-

As the next step

zation’s (WHO) weight for height (WFH) z scores in those <2 years

to establishing a standard and objective approach to undernutrition

and BMI z scores in those ≥2 years.10 Children were classified based

in children with cancer, our study aimed to validate the SIOP-PODC

on WFH or BMI z scores as eutrophic (+2 > z > –2), wasted (z = –2 to

nutritional algorithm in a single LMIC center.

–3), severely wasted (z <–3), and overweight/obese (z >+2). MUAC

the following LMICs: Brazil, South Africa, and

India.9

The objective of the study was to compare a modifiable nutritional

centiles were based on the percentiles published by Frisancho.11

algorithm to an institutional standard of care, in advancing nutritional
interventions and improving nutritional status. To the authors’ knowl-

2.4

Outcome measures

edge, this is the first study to evaluate systematically the use of a nutritional algorithm among children with cancer undergoing care in an

During the subsequent 3 months, patients were followed at approxi-

LMIC center.

mately 2-week intervals. The modes of nutrition included oral, nasogastric (NG) tube, or parenteral. Weight and height/length were
recorded at each visit. MUAC was recorded after 3 months. Significant treatment-related morbidities, which included febrile neutrope-

2

METHODS

nia, transfusion requirement, and mucositis of WHO grade 2 or higher,
were recorded during the study period. The weight increment was cal-

2.1

Study design and patients

culated by subtracting the baseline weight from the weight at the end

An open-label, randomized, parallel-group pilot study was conducted

of the study. The MUAC increment was calculated by subtracting the

from July 2017 to December 2017. Fifty children diagnosed with can-

baseline MUAC from the MUAC at the end of the study.

cer and satisfying the selection criteria were enrolled in the study.
The study was approved by the institutional ethics committee of the

2.5

Nutritional algorithm

Postgraduate Institute of Medical Education and Research (PGIMER),
Chandigarh. Informed consent was obtained from the parents or
guardians, and assent was obtained from children older than 7 years

tional algorithm based on their baseline nutritional assessment, as
described below.

of age.
The inclusion criteria were as follows: children aged < 12 years with
a newly diagnosed malignancy and undergoing treatment in the pediatric oncology unit at PGIMER. Patients who did not consent, were
receiving palliative care, or were diagnosed with a malignancy not
requiring chemotherapy were not eligible for participation.

2.2

The patients in the study group were assigned to a SIOP-PODC nutri-

Randomization

1. Children with severe wasting (Figure S1)—NG feeding was initiated.
If enteral tolerance was limited in a child at presentation, and it was
unlikely that the child would tolerate enteral nutrition for a subsequent duration of more than a week, total parenteral nutrition was
considered.
2. Children with wasting and children with MUAC <5th centile for
age irrespective of being eutrophic/overweight/obese (Figure S2)—

Enrolled patients were randomized to one of the two arms using a

A trial of oral supplements was administered for 2 weeks, which

computer-generated table of random numbers, which were in sealed

was continued for 2 more weeks if there was adequate weight gain.

envelopes for allocation. The primary investigators (S.T. and A.T.) eval-

NG feeding was initiated if there was poor weight gain at the end of

uated all the study arm patients objectively, as per the SIOP-PODC

2 or 4 weeks of administration of oral supplements.

nutritional algorithm. The patients in the control arm were seen by the

3. Children who were eutrophic/overweight/obese and had MUAC

other doctors in the unit. Patients randomized to the study arm were

>5th centile for age (Figure S3)—No active intervention was indi-

administered a standard nutritional algorithm. Patients randomized to

cated at presentation. If weight loss of >10% occurred during

the control arm were managed with the existing institutional standard.

the study period, accompanied by consumption of <50% of the

Excluding nutrition, the patients in the study and control arms did not

required calorie intake and a likelihood of diminished intake due to

differ with respect to any aspect of therapy and supportive care.

therapy, they were managed with the same algorithm as that used
for children with wasting.

2.3

Nutritional assessment and follow-up

For the control group, there was no algorithmic approach. Par-

Patients enrolled in the study were followed prospectively for a

ticipants were assessed routinely by the treating physicians and

period of 3 months. Baseline assessment of nutritional status was

the dietitian as per the institutional standard, wherein the doctor

performed using the following parameters: weight (kilograms) using

evaluating the child assesses the anthropometry and dietary intake

an electronic weighing scale, height/length (centimeters) using a

intermittently. The decision for referral of patients in the control group

stadiometer/infantometer, and mid-upper-arm circumference (MUAC,

to the dietitian and nutritional intervention was made individually,

centimeters) using a nonelastic measuring tape. Body mass index (BMI)

on a patient-by-patient basis. A dedicated dietitian (D.M.) was
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FIGURE 1

CONSORT diagram; intent-to-treat analysis was performed

involved in the administration of nutritional interventions, such as oral

3

RESULTS

supplements, NG tube feeds, and parenteral nutrition, for both groups.
For patients who required nutritional supplementation, the dieti-

3.1

Baseline characteristics

tian used the 24-h dietary recall method and age-appropriate calorie and protein requirements to calculate the calorie and protein
deficits.12,13 Readily available local foods were advised as part of
a daily diet chart. In addition, commercially available oral supplements were advised in suitable quantities to correct the calculated
deficits. The commonly used supplements included B-Protin (British
Biologicals)—116 Kcal and 12 g protein per 30 g—and Pediasure
(Abbott)—462 Kcal and 14.1 g protein per 100 g. Patients in the study
and control groups received the same supplements.

Between July 1, 2017 and December 31, 2017, 67 patients were
screened for the eligibility criteria, and 17 were excluded due to not
meeting eligibility requirements (Figure 1, CONSORT diagram). A total
of 50 patients—25 patients in the study arm and 25 in the control arm—
were analyzed. The median age of the patients was 4.5 years (range:
0.8-12). The male to female ratio was 2:1. The common diagnoses
were acute lymphoblastic leukemia (N = 30; 60% of patients), followed
by Wilms’ tumor (N = 6; 12%) and acute myeloid leukemia (N = 5;
10% of patients). Seven (14%) patients were wasted and three (6%)

2.6

Statistical analysis

were severely wasted. MUAC less than the 5th centile was observed
in 28 (56%) patients at baseline. One patient in the study arm aban-

The data were entered in SPSS (version 20.0, 2011; SPSS, Inc., Chicago,

doned therapy. One patient in the control arm had progressive disease

IL). Baseline variables were analyzed by descriptive statistics. Compar-

necessitating palliative care. Three patients in the control arm suc-

ison of proportions was performed with chi-squared and Fisher’s exact

cumbed to neutropenic sepsis prior to completion of the study. Two

tests. Comparison of medians between the two groups at baseline and

of the three patients who died were wasted, with all three having an

3 months was performed with the Mann-Whitney U test. We imputed

MUAC less than the 5th centile. The baseline characteristics were com-

the missing values using the “last observation carried forward” method

parable in the two arms (Table 1). There was no child who was over-

and then carried out an intention-to-treat analysis.

weight or obese.
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TA B L E 1

Baseline characteristics of patients enrolled in the two

arms

achieved an MUAC of >5th centile by the end of the study period. Of
the remaining 11 patients who had normal baseline MUAC, two were

Characteristics
No. of patients
Median age (years)
Females, n (%)

Study arm
25
4.5 (1-12)
8 (32)

Control arm

4.1 (0.8-11.8)
9 (36)

Diagnosis, n (%)
Acute lymphoblastic leukemia

P

found to have an MUAC <5th centile at the end of the study period.
MUAC and weight could not be reassessed in three patients who suc-

25
.621
.765
.366

cumbed to neutropenic sepsis and one patient who had progressive
disease.
The median weight increment was greater, though not statistically
significantly, in the study arm (P = .153). The median MUAC increment

15 (60)

15 (60)

Acute myeloid leukemia

2 (8)

3 (12)

Wilms’ tumor

1 (4)

5 (20)

Germ cell tumor

2 (8)

0 (0)

interventions in the study. The proportion of patients with ALL was

Non-Hodgkin lymphoma

2 (8)

1 (4)

equal in the study and control groups (Table 1). Children with ALL did

Hodgkin lymphoma

2 (8)

1 (4)

not differ from children with other malignancies with respect to the

Ewing sarcoma

1 (4)

0 (0)

Radiotherapy, n (%)

0

2 (8)

.490

0.0; 1.92], P = .196) and median weight increment (0.45 kg [IQR: –0.30;

Wasting, n (%)

4 (16)

6 (24)

.480

2.05] vs 0.1 kg [IQR: –0.55; 1.00], P = .875) at the end of the study.

15 (60)

13 (52)

.569

MUAC <5th centile, n (%)

was significantly greater in the study arm (P = .020).
Children with ALL receive glucocorticoids as part of the induction
chemotherapy, which may have confounded the effect of nutritional

median MUAC increment (0.85 cm [IQR: –0.05; 1.92] vs 0.3 cm [IQR:

Abbreviation: MUAC, mid-upper-arm circumference.

3.3

Nutritional interventions

Eighteen (72%) patients in the study arm were assessed and managed

3.2

Nutritional assessment

Participants allocated to the study arm (one abandoned therapy) experienced a median weight increment of 0.80 kg (interquartile range
[IQR]: –0.02; 2.00). There were four children who were wasted at
baseline, one being severely wasted. Two (50%) achieved a normal
WFH/BMI z score at the end of the study period. One of the four
wasted patients experienced further weight loss of >10% and failed
to regain weight by the end of the study, and the status quo remained
unchanged for the severely wasted child. All 20 patients in the study
arm who were eutrophic at baseline remained eutrophic at the end of
the study. Six of them experienced weight loss of >10% initially but
regained their baseline weight by the end of the study period.
The median MUAC increment was 1.20 cm (IQR: 0.10; 2.30). Of
the 15 patients with an MUAC <5th centile, eight (53%) achieved an
MUAC of >5th centile by the end of the study period while the remaining seven (47%) patients continued to have an MUAC <5th centile. The
remaining patients with a normal baseline MUAC had a normal MUAC
at the end of the study period. MUAC and weight were not reassessed
in the child who abandoned therapy after 3 weeks.
Among the control group, the median weight increment was 0.00 kg

by the dietitian, versus eleven (44%) in the control arm (P = .045). All 15
patients with an MUAC <5th centile in the study arm were assessed by
the dietitian in comparison to three (23%) of the 13 patients with an
MUAC <5th centile in the control arm (P < .001). Of the four patients
who were underweight in each arm, all those in the study arm and one
of four (25%) patients in the control arm were referred for nutritional
assessment.
Patients in the study arm were more likely to receive oral supplements (P = .011). The frequency of NG tube insertion did not differ in the two arms (P = .368). As per the algorithm, one child was
severely wasted, requiring NG tube insertion at baseline; however, it
was deferred for 2 weeks due to parental apprehension. None of the
patients warranted parenteral nutrition as per the algorithm. Of the
patients that received intervention, the median number of days to any
nutritional intervention (P = .311), NG tube insertion (P = .147), and
initiation of oral supplementation (P = .141) did not differ between
the two arms. However, the number of children receiving nutritional
intervention was greater in the study arm. Table 2 provides a comparison of the administration of nutritional interventions in the two
arms.

(IQR: –0.70; 1.25). Of the six patients who were wasted, two died
before completion of the study period and two (33%) achieved a normal WFH/BMI z score at the end of the study period. Two remained

3.4

Treatment-related toxicities and survival

wasted, with one losing >10% weight. Of the 19 eutrophic patients,

Occurrence of mucositis of grade ≥2 did not differ between the arms

three were found to be wasted at the end of the study period com-

(P = .351). Patients in the study and control arms did not differ with

pared to none in the study arm. Four had an initial loss of weight of

respect to the median number of red cell transfusions (P = .735),

greater than 10% from the baseline, with one returning to baseline dur-

number of episodes of febrile neutropenia (P = .891), and duration

ing the study period. One of the eutrophic patients succumbed during

of episodes of febrile neutropenia (P = .852). The median number

the study period.
The median MUAC increment was 0.00 cm (IQR: –0.50; 1.10). Of 10
patients who had a baseline MUAC <5th centile, two (20%) patients

of platelet transfusions was greater in the control arm (P = .020).
Treatment-related morbidity and mortality in both arms are described
in Table 3.
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TA B L E 2

Comparison of nutritional interventions administered in the two arms

Parameter

Measurement

Study arm,
n = 25

Control arm,
n = 25

P

Dietitian visits

Number (%)

18 (72)

11 (44)

.045

Administration of nutritional supplements

Number (%)

18 (72)

9 (36)

.011

Nasogastric tube insertion

Number (%)

Time (days) to any nutritional intervention

Median (range)

9 (36)

7 (28)

.368

11 (1-80)

18 (1-51)

.585

Time (days) to nasogastric tube insertion

Median (range)

8 (1-53)

26 (14-51)

.147

Time (days) to initiating oral supplements

Median (range)

11 (1-80)

26 (13-51)

.141

TA B L E 3

Treatment-related morbidity and mortality in the study and control arms
Study arm
(n = 25)

Parameter

Control arm
(n = 25)

P

Treatment mortality, n (%)

0

3 (14)

.117

Mucositis of grade ≥2, n (%)

5 (20)

3 (12)

.351

Median number of packed red cell transfusions, n (IQR)

2 (1-3)

2 (1-3)

.735

Median number of platelet transfusions, n (IQR)

0 (0-1.5)

3 (0-5.5)

.020

Median number of episodes of febrile neutropenia, n (IQR)

1 (0-2)

1 (1-1)

.891

Median duration of episodes of febrile neutropenia, n (IQR)

8 (1-10)

5 (2.5-12)

.852

4

DISCUSSION

The oral route is preferred in the first-line management of undernutrition. The study demonstrated that an algorithmic approach was

Improving the nutritional status is imperative to further improving out-

effective in prompting nutritional intervention for all patients with

comes for children with cancer in LMICs. To this end, we present the

undernutrition. Remarkably, less than one-third of patients with low

results of a simple algorithm to direct and improve the delivery of nutri-

MUAC and one-fourth of wasted patients received any nutritional

tional therapy among children with cancer. A systematic review, includ-

intervention in the control group. This emphasizes the need for a uni-

ing 46 studies, identified a high prevalence of undernutrition among

form, protocolized approach for nutritional monitoring and interven-

children with cancer with an adverse association with survival in most

tion in children with cancer.

studies.14 A Central American study of close to 3000 children with can-

A significant increase in MUAC was demonstrated in the study arm

cer at diagnosis demonstrated higher abandonment rates and inferior

but not in the control arm. The increase in weight, though greater in

event-free survival in those who were nutritionally depleted,5 a find-

the study arm, did not differ significantly between the arms. One of

ing that has been replicated at our center. We found that for children

the reasons for this disparity is that a greater proportion of patients

with ALL, weight <5th centile for age was an independent predictor

had a suboptimal MUAC at baseline (56%), in comparison to merely

of mortality.4 Yet, there is marked heterogeneity in the practices of

20% of patients who were wasted based on weight-based anthropom-

identification and management of malnutrition in children with cancer

etry. Assessment of nutritional status based on weight is deceptive and

around the globe.15,16

can be affected by tumor mass, edema, ascites, and the weight-gaining

Our results are a step forward in closing this gap

effects of steroid therapy in children with leukemias/lymphomas.20

in clinical care.
Comprehensive nutritional assessment, including dietary assess-

Therefore, the MUAC increment in our study is more relevant clinically

ment, anthropometry, physical examination, laboratory investiga-

than the insignificant weight gain. Further, all children with appropriate

tion, and imaging, is arduous the world over, more so in resource-

WFH/BMI and MUAC at baseline maintained their eutrophic status at

limited settings.8 Weight, height, and MUAC are simple and not

the end of the study in the study arm. In contrast, a proportion of chil-

labor-intensive or time-consuming anthropometric measures—

dren who were eutrophic at diagnosis were found to be underweight

characteristics critical for implementation in an LMIC setting.8 The

or have MUAC <5th centile at the end of the study in the control arm.

SIOP PODC algorithm uses these parameters to identify children

The patients in the control group did not differ significantly from

needing nutritional intervention. Relying on weight indices as stan-

those in the study group with respect to the time taken to initiate

dalone measures of nutritional status can lead to underdiagnosis

nutritional interventions. Although similar, the algorithm identified

of malnutrition.17 Children have been described to have abdominal

a greater number of patients requiring nutritional intervention and

tumors weighing >10% of their body

weight.18

MUAC has been

resulted in more thorough follow-up, evidenced by an increased num-

validated as an accurate measure of nutritional status in children with

ber of nutritionally replete participants, when compared to those in the

cancer.19 Our study demonstrated that <20% patients were wasted

control group.

as per WFH/BMI z scores. However, greater than 50% of the children
were undernourished based on MUAC centiles.

Our study did not find significant differences between the groups
in terms of treatment-related morbidity such as febrile neutropenia
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or mucositis, although we were not statistically powered to evaluate treatment-related toxicities. Of interest was the observation that
three patients died of neutropenic sepsis in the control group while
none died in the study arm during the study period. All three had evidence of undernutrition. This is an area important for further inquiry
and underscores that an algorithmic approach that facilitates monitoring and early intervention may be able to effectively prevent undernutrition during therapy, thereby reducing treatment-related toxicities.
The study was limited by its small size and a short follow-up at a
single institution. The study was aimed at evaluating the nutritional
algorithm and not the management of patients. However, it is one of
the first studies to validate the SIOP-PODC nutritional algorithm in an
LMIC center. It supports the benefits of using an algorithmic approach
to identify children with or at risk of undernutrition during therapy
for cancer, and initiating a prompt and appropriate nutritional intervention. Further studies to determine whether a nutritional algorithmbased approach towards the prevention and early treatment of undernutrition in children with cancer can improve nutritional outcomes,
reduce treatment-related toxicities, and improve survival are the need
of the hour.
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