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Effect of Malnutrition at Diagnosis on Clinical Outcomes
of Children With Acute Lymphoblastic Leukemia
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Summary: Acute lymphoblastic leukemia (ALL) is the most com-
mon malignancy among children. Although studies have shown
that malnutrition can negatively affect treatment outcome, results
are controversial. This retrospective study aims at determining the
prevalence of malnutrition and its association with treatment out-
come among children with ALL treated at the Children’s Cancer
Institute in Lebanon. A total of 103 patients diagnosed with ALL
between April 2002 and May 2010 were enrolled. Anthropometric
data were collected from medical records upon diagnosis, at 3 and 6
months, and at the end of treatment. Body mass index was calcu-
lated for children 2 years of age and older, whereas weight-for-
height ratio was used for patients below 2 years. Patients were
considered underweight, stunted, or wasted if their Z-scores were
< —28D. The prevalence of malnourished children was 25.2% at
diagnosis and remained almost the same at the end of treatment.
The odds of having a poor outcome (death and relapse) was higher
among malnourished children and more so among stunted children
with an odds ratios = 2.15; 95% confidence interval, 0.5-8.3 and
odds ratio = 2.63; 95% confidence interval, 0.6-11.5, respectively.
Although there was a trend showing worse outcomes in malnour-
ished children with ALL at diagnosis when compared with well-
nourished children larger studies using additional tools like arm
anthropometry need to be conducted to prove the association.
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cute lymphoblastic leukemia (ALL) is the most com-

mon malignancy that occurs in childhood representing
around 25% of cancers diagnosed among children below 15
years of age.! Although prevalent, up to 80% of affected
children can be cured currently due to advanced treat-
ments.2 Little is known about childhood ALL in the Middle
East; in the first collaborative study undertaken by the
Middle East Childhood Cancer Alliance that prospectively
collected data on children with ALL from institutions in 14
Middle East countries, Al-Mulla et al’ reported that
patients had excellent induction response to chemotherapy
with an overall complete remission rate of 96%.
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Malnutrition remains one of the major concerns among
pediatric oncologists especially in developing countries. Its
prevalence upon diagnosis is related to the type of malig-
nancy and the extent of the disease. In industrialized
countries, malnutrition ranges from <10% in standard risk
ALL to 50% in advanced neuroblastoma.*

In developing countries, despite its importance, data
on the nutritional aspect of pediatric oncology patients at
presentation is lacking. Few studies in Casablanca and
Guatemala reported a high prevalence of malnutrition
between 20% and 50% at presentation among children with
cancer>® whereas a study conducted over 5 years in
Northern Mexico showed that most children with ALL
were well nourished at diagnosis and had a normal body
composition.’

In contrast, the impact of malnutrition at presentation
on clinical outcome among children with ALL is incon-
clusive. Some studies reported malnutrition to negatively
affect the tolerance to treatment and survival in children
with cancer, including ALL.3-!" However, evidence is still
contradictory.'?-13

The objectives of this study were to determine the
prevalence and severity of malnutrition among children
with ALL eated at the Children’s Cancer Institute (CCI) at
the American University of Beirut Medical Center, and to
evaluate the possible impact of malnutrition on treatment
outcome.

MATERIALS AND METHODS
Study Design

A retrospective cohort study was conducted at the
CCI. The study protocol was approved by the Institutional
Review Board of the American University of Beirut.

Study Population

Children and adolescents diagnosed with ALL and
treated at the CCI between April 2002 and May 2010 were
enrolled in the study. Data were collected from the patient’s
medical record. Exclusion criteria included age above 18
years, patients who started treatment outside CCI or
abandoned the treatment at its early stages or presented
after relapse.

Data on some demographic characteristics, pre-exist-
ing medical conditions, treatment protocol, and risk cate-
gorization were collected. Information on past medical and
surgical history, treatment outcome, abandonment of
therapy throughout the study, blood and urine culture
results was documented as well.

Anthropometrics

Body weight and height for each patient were docu-
mented repeatedly as per the following: upon diagnosis, at 3
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and 6 months during treatment, and at the end of treatment.
Nutritional status was assessed using SD units (Z-score)
based on World Health Organization Classification 2006.'6
Body mass index (BMI) was calculated for children 2 years of
age and older, whereas weight-for-height (WFH) ratio was
used for those younger than 2 years of age. Patients were
considered well-nourished if their Z-scores were > —2SD
and obese if their Z-scores were >2SD. Those who had
—2SD or below were considered underweight (computed
according to the BMI for age), stunted (according to the
height-for-age [HFA]), and wasted (according to the weight
for age [WFA]).!® Wasting, or acute malnutrition, is generally
the result of weight loss associated with a recent period of
starvation or disease. Stunting, or chronic malnutrition,
refers to a condition of low HFA, reflecting sustained and
cumulated episodes of undernutrition and/or repeated infec-
tions. Underweight refers to a condition of low WFA in
children. Patients who were underweight, stunted, or wasted
were considered malnourished.

Statistical Analysis

Data analysis was performed using Statistical Package
for Social Sciences (SPSS) version 21.0 (for windows IBM,
Armonk, NY). Demographics and clinical variables were
analyzed using frequencies and percentages for categorical
variables. Logistic regression analysis was used to deter-
mine the association between malnutrition and treatment
outcome. Malnutrition measured upon initial diagnosis was
tested through computing separately BMI, HFA, or com-
bined malnutrition. A bad outcome was defined as having
relapse or experiencing death event. Crude odds ratios (OR)
and 95% confidence intervals (CI) were calculated with the
reference category as having remission. The statistical sig-
nificance level was set at 5%.

RESULTS

A total of 110 children diagnosed with ALL were
treated at the CCI between April 2002 and May 2010. Two
patients older than 18 years and 5 presenting after relapse
were excluded from the study. Two patients relocated to
another country at a late stage in treatment. Table 1
describes the demographic characteristics of these children,
the presence of pre-existing conditions, their risk status
according to Total Therapy Study XV!7 (details of treat-
ment plan in supplement 1, Supplemental Digital Content
1, http://links.lww.com/JPHO/A107) and outcomes after
treatment. The majority of the included children were
between 1 and 10 years of age (77.7%) and the distribution
of males and females was almost equal. Very few had a pre-
existing condition (6.8%). Around 57% were classified as
low risk status, 33% as intermediate, and 9.7% as high risk
according to the following categorization: Low-risk
patients were those with B-cell precursor ALL who
were between 1 and 10 years of age and who had a leuko-
cyte count of <50x 10°/L, a DNA index of 1.16 or more,
or the translocation #(12;21)(ETV6-RUNX1I). They did not
have (a) CNS-3 status; (b) overt testicular leukemia; (c)
adverse genetic features like #(9;22) BCR-ABLI fusion,
t(1;19) with TCF3-PBX1 fusion, rearranged MLL or
hypodiploidy <45 chromosomes; or (d) poor early
response (defined as > 5% lymphoblasts on day 15 or 22 of
remission induction or >0.01% lymphoblasts by immu-
nologic or molecular methods on remission date). Inter-
mediate-risk patients were all cases of T-cell ALL and those
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TABLE 1. Patient Demographic and Medical Characteristics

N (%)

Age at diagnosis (y)

<1 2(1.9)

1-10 80 (77.7)

> 10 21 (20.4)
Sex

Male 54 (52.4)

Female 49 (47.6)
Pre-existing medical condition

B thalassemia intermedia 1(1.0)

Celiac disease 1(1.0)

Mental delay 1 (1.0)

Down syndrome 2(1.9)

Seizures 1 (1.0)

Treated latent tuberculosis 1(1.0)
Risk status

Low 59 (57.3)

Intermediate 34 (33.0)

High 10 (9.7)
Intermediate and high risk

Allogenic stem cell transplant 2 (4.5)

Radiotherapy 3 (6.8)
Outcomes

Relapse 4 (3.9

Remission 93 (90.3)

Death 6(5.8)

of B-cell precursor ALL that did not meet the criteria for
low risk or high risk. High-risk patients were those with
1(9;22) or BCR-ABLI fusion, induction failure (> 1% leu-
kemic lymphoblasts in the bone marrow on remission date
or >0.1% leukemic lymphoblasts in the bone marrow in
week 7 of continuation treatment).

At the time of analysis, the majority of children were
in remission (90.3%), whereas 5.8% had died. Table 2
displays the prevalence of malnutrition calculated at dif-
ferent time points during treatment and estimated using
different indicators. When considering the WFH measured
only among children younger than 2 years, none were
found to have malnutrition. For the remaining, according
to the BMI, the prevalence of malnutrition was 11.3% upon
diagnosis decreasing to 6.5% at the end of the treatment.
Moreover, the percentage of stunted children ranged from
15.5% to 17.5% at different time points of the treatment.
When combining all indicators, the prevalence of mal-
nourished children reached 25.2% at diagnosis and
remained almost the same by the end of treatment (23.7%).
Obesity was found in 15.5% of patients according to the
BMI at the time of diagnosis.

When studying the association between malnutrition
at diagnosis and outcome (Table 3), the odds of having a
poor outcome (death and/or relapse) was higher among
malnourished children as a whole (combining BMI and
height for weight) and more so among stunted children with
an OR = 2.15; 95% CI, 0.5-8.3 and OR = 2.63; 95% CI,
0.6-11.5, respectively, but this trend did not reach statistical
significance. No significant association was found between
nutritional status at diagnosis and length of hospital stay
during induction and infectious complications (analysis not
shown).

DISCUSSION

Assessment and management of malnutrition can be a
challenging health problem in developing countries. Very
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TABLE 2. Percentage of Malnutrition Estimated at Different Time Points During Treatment

N (%)
At Diagnosis 3mo 6 mo End Treatment

Total malnutrition*

Yes 26 (25.2) 21 (20.4) 21 (20.6) 23 (23.7)

No 77 (74.8) 82 (79.6) 81 (79.4) 74 (76.3)
Weight for heightf

Malnourished 0 0 0 0

Healthy nutrition 6 (100) 6 (100) 6 (100) 3 (50)
BMI

Malnourished 11 (11.3) 5(5.2) 7 (7.3) 6 (6.5)

Healthy nutrition 86 (88.7) 91 (94.8) 89 (92.7) 87 (93.5)
Height for age

Stunted 16 (15.5) 17 (16.5) 15 (14.9) 17 (17.5)

No 87 (84.5) 86 (83.5) 86 (85.1) 80 (82.5)

*Combining all indicators.
TWeight for height for children younger than 2 years.
BMI indicates body mass index.

few studies on the prevalence of malnutrition and stunting
of children have been performed in Lebanon. A 1981
nutrition survey of school children carried out in 6 areas of
Lebanon found that the prevalence of stunting ranged from
2.6% to 10.4% and that of wasting ranged from 1.5% to
4.4%.'8 A national survey conducted in 1996 by the Leb-
anese Ministry of Public Health and the Lebanese Ministry
of Social Affairs showed that 12.4% of children under 5
years of age were found stunted.!”

Malnutrition in cancer patients can be related to fac-
tors associated with the disease itself or with the treatment.
These factors include inadequate energy and protein intake,
increased energy expenditure, and increased inflammation.®

The results of this study show that 25.2% of Lebanese
children with ALL admitted to the CCI were malnourished
at the time of diagnosis, with 11.3% under-nourished
according to the BMI and 15.5% stunted. Similar preva-
lence was found in a Brazilian study aiming at assessing
whether malnutrition was a prognostic factor in lympho-
blastic leukemia with 21.2% by WFA and 17.4% by
HFA.!"0 Higher rates were however found in a Malaysian
study conducted by Zalina et al?® evaluating the nutrition
status of patients with leukemia between 4 and 12 years of
age, where prevalence according to WFA, WFH, and HFA

TABLE 3. Unadjusted Odds Ratios and 95% Confidence Intervals
for the Association of Malnutrition at Diagnosis With Clinical
Outcome

OR (95%
N (%) CI)

Nutritional Well-
Method Undernourished Nourished Reference
Body mass index*

Remission 10 (90.9) 78 (90.7)

Relapse/death 1.1 8(9.3) 0.97 (0.1-8.6)
Height for age

Remission 13 (81.3) 80 (92.0)

Relapse/death 3(18.8) 7 (8.0) 2.63 (0.6-11.5)
Combined malnutrition

Remission 22 (84.6) 71 (92.2)

Relapse/death 4 (15.4) 6 (7.8) 2.15 (0.5-8.3)

BMI indicates body mass index; CI, confidence interval; OR, odds ratio.
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were 37.3%, 31.3%, and 17.6%, respectively. Similarly,
>50% of patients newly diagnosed with ALL in a study
conducted in Guatemala were found to be nutritionally
moderately and severely depleted when using triceps skin
fold thickness to estimate fat mass and mid-upper arm
circumference which give an assessment of lean body
mass.2! In contrast, in a study conducted on UK patients
between1997 and 2002 on children with ALL, the preva-
lence of being underweight using the BMI was lower than
our results and close to 6%.%22 As all available studies are
using different parameters (WFH Z-score, WFA Z-score,
BMI, mid-upper arm circumference, and triceps skin fold
thickness) to evaluate malnutrition, it is very challenging to
compare prevalence and conclude upon it. Sala et al in a
large prospective study of 2954 newly diagnosed patients
with cancer in 6 countries of Central America showed that
28% of the patients were underweight according to the
BMI-based classification. By arm anthropometry 18% of
the patients had moderate nutritional depletion, 45% were
severely depleted. Malnourished children had an event-free
survival inferior to that of other children.?* Obesity was
found in 15.5% of patients according to the BMI at the
time of diagnosis. Although this category of patients is not
the focus of examination in this report, future studies are
warranted to evaluate effects of obesity on treatment out-
come in children.

To our knowledge, our study is the first one in the
country and the region to assess nutrition status at diag-
nosis among ALL children and its effect on treatment
outcome. In our study we did not find any statistically
significant association between malnutrition and treatment
outcome; but the odd of having worse outcomes in terms of
death or relapse was higher in stunted children. We also
observed an increase in the odds of having positive bacterial
blood and urine culture among malnourished (combined
underweight and stunted) children but with no statistical
significance.

Previous studies have also tried to investigate the
association between nutritional status and outcomes in
ALL patients with contradictory results. In a study by
Herintya et al?* using HFA for children 2 years of age and
younger and BMI for those older than 2 years, nutritional
status was not associated with relapse but with death
among children with ALL. Antillon et al® reported that
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deaths due to abandonment of therapy and treatment
failure were almost twice as frequent in undernourished as
in well-nourished children when nutrition status was
determined by arm anthropometry.

Notably, even though malnutrition has been defined or
described in many ways, no consensus exists regarding a
specific definition to identify children. As malnourishment is
not unique to underweight children an assessment of body
composition is important for the stratification of the severity
of the condition. In fact, it is recommended that measure-
ment of nutritional status through arm anthropometry
become the standard of care for children with cancer in
developing countries as these measures are less subject to
variation between racial/ethnic groups than is the case with
height and weight.2!-23 Prospective monitoring of nutritional
status in pediatric cancer patients should be implemented,
especially in developing countries, to allow early identi-
fication and management of malnutrition, and better assess
the impact of such interventions on disease outcome.
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