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ABSTRACT

Acute lymphoblastic leukemia is the most common cancer among children and adolescents, with a rate of 34% of all cancers in this population. Studies have
been conducted to question the relationship between the prognosis and nutritional status of pediatric acute lymphoblastic leukemia patients. Malnutrition
refers to inadequate nourishment and obesity. Both ends of the spectrum of nutritional status might have implications on the prognoses. This review aims to
illustrate the relationship between malnutrition and the acute lymphoblastic leukemia prognosis, and to address the bone health of the patients.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the most common
cancer among children and adolescents, with a rate of 34%
of all cancers in this population (1, 2). ALL is a malignant
transformation and proliferation of lymphoid progenitor cells
(3). Chromosomal abnormalities and genetic changes are
the prognostic indicators of the disease (3). The incidence
of ALL in children between newborn and 14 years of age is
3-4/100,000 and 1/100,000 in patients older than 15 years
(2). The peak incidence age for ALL is 2 to 5 years of age (2).
The clinical manifestation of ALL is the accumulation of poorly
differentiated lymphoid cells in the bone marrow, peripheral
blood, and extramedullary regions (3).

Dose-intensification strategies have improved the prognostic
outcome in children between 1-14 years with ALL (4).

There have been studies that question the relevance of
nutritional status on pediatric ALL patients’ prognoses.
The term ‘malnutrition’ generally connotes inadequate
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nourishment, although, in clinical practice, it also refers to
obesity (5). Both ends of the spectrum of nutritional status,
under and over-nutrition, may have consequences on the
prognoses. In this review, we aim to illustrate the relationship
between malnutrition and the course of ALL.

Diagnosis of malnutrition is mainly based on standard
anthropometric indices such as height-for-age or length-for-
age Z-score and weight-for-length Z-score, mid-upper arm
circumference (MUAC), and edema (6). If a child aged 6-59
months has at least one of either weight-for-height Z-score
<-2, MUAC <125 mm or the presence of nutritional edema,
he/she can be diagnosed with acute malnutrition (6). Another
research aiming to provide consensus-based criteria for the
diagnosis of malnutrition suggests two options (7). The first
of these options is having a body mass index (BMI) lower
than 18.5 kg/m?, and the second one is having unintentional
weight loss and at least one of either low fat-free mass index
or reduced BMI (<18.5 kg/m?) (7).
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Symptoms of Acute Lymphoblastic Leukemia

Acute lymphoblastic leukemia usually has a variety of
nonspecific symptoms (8). Fever caused by leukemia or
a secondary infection due to neutropenia is one of these
symptoms (2). Shortness of breath due to mediastinum
enlargement, bone and joint pain, swelling of lymph nodes,
fatigue and lethargy caused by anemia, petechiae and
bleeding diathesis connected to thrombocytopenia are also
different symptoms of ALL (2, 8).

Relevance of Malnutrition with Clinical Outcomes for
Patients with Acute Lymphoblastic Leukemia

Eighty-five percent of all children reside in developing
countries, and the well-being of the community is adversely
affected by the lack of accessibility to health care, presence of
infectious diseases, or undernourishment (9). In developing
countries, the prevalence of malnourishment in children
under five years old is thought to be between 20% and 71%
with an estimate of 43% (9). It is assumed that malnutrition
is prevalent in 50% of pediatric cancer patients at diagnosis
in the developing world, and in less than 10% in industrialized
countries for ALL patients, whichrises to 50% for patients with
advanced neuroblastoma (9). Despite its value, data relevant
to the nutritional aspect of cancer patients’ presentations is
lacking, especially in developing countries.

Evaluating the nutritional status of patients with malignancies
at the time of diagnosis and tracking it during treatment is
crucial due to its potential effect on disease progression and
course of survival (9).

Nutritional Morbidity at Diagnosis

In a study conducted with 105 Mexican ALL patients,
no evidence of malnutrition was found, as measured by
measurements of MUAC and triceps skinfold thickness (TSFT)
for three months (10). Another Italian study compared
173 children, newly diagnosed with ALL, to 307 children
with non-malignant diseases in terms of anthropometric
measures; MUAC and TSFT (11). No statistically significant
difference was observed (p=0.077). Studies conducted in
Casablanca and Guatemala revealed 20-50% of child patients
who were being treated for cancer were malnourished (12,
13). However, a study ran in Northern Mexico pointed out
that most pediatric ALL patients were well nourished when
diagnosed (14). Another study, by Children’s Cancer Group,
that concentrated on obesity presentation in accordance with
the patients’ BMI assessed over 4,000 children and youths
with ALL (15). They observed that the event-free survival
rate for 5-years was worse in obese patients, with a higher
possibility of relapse in patients at and over 10 years of age
(15).
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Due to these contradictory findings, the presence and
prevalence of malnutrition at diagnosing ALL are inconclusive.
However, most studies indicate that malnutrition may not be
a prevalent problem at the time of ALL diagnosis (12, 14). The
need for further assessment to determine the patients’ risk of
nutritional morbidity perseveres (12, 13).

Nutritional Morbidity During Treatment

Some researchers believe malnourished patients have
decreased tolerance to chemotherapy, altered metabolism
for antineoplastic drugs, reduced immunity, are more prone
to acquiring more persistent and common infections, and
present a higher rate of therapy failure (16, 17).

Lobato-Mendizabal et al. (16) reported that malnourished
children had a worse 5-year event-free survival rate (26%)
than well-nourished children (83%). They also reported
malnourished children had lower cumulative doses of
maintenance chemotherapy and had more recurrences (16).

Another group reported that malnourished children, based
on weight-for-height analysis, had a significantly higher risk
of death in earlier phases of treatment compared to their
well-nourished counterparts, the study also concluded that
malnourished children were 3.5 times more likely to die
during maintenance chemotherapy (17).

Cancer treatment may deepen nutrient deficiencies and cause
nutritional morbidity, which shows a necessity for nutritional
intervention (16, 17).

Nutritional Status and Appetite-regulating Hormones in the
Early Treatment of Acute Lymphoblastic Leukemia

The treatment of ALL aims to achieve normal hematopoiesis,
to prevent resistant subclone formation and disease
progression to other sites in the body, and to prevent relapse
(10). Several treatment modalities differ from each other
with the drugs involved in the protocol, but the main object
of the treatment protocols depends on a basic strategy
(10). Induction, consolidation, and maintenance is the most
common three-phase treatment plan. Induction therapy
aims to re-establish normal blood cell synthesis (10). The
consolidation stage involves using agents to eradicate
residual abnormal blood cells (10). These two stages can be
considered as early treatment, whereas maintenance therapy
aims to prevent relapse (18). Figure 1 shows common agents
used in the three-phase treatment processes (8).

In addition to these therapeutic agents, environmental
factors like diet and adequate nourishment are crucial for
ALL treatment, especially during the early treatment stages
since inadequate nutrition can decrease patients’ tolerance
to chemotherapy and cause reduced immunity, which
increases susceptibility to infections and reduces survival
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Cytarabine + other agents || Vincristine
Cyclophosphamide Asparaginase

Anthracycline

6-Mercaptopurine
Cytarabine

6-Mercaptopurine
Methotrexate
+ pulse intensification

Cyclophosphamide

Figure 1: Treatment plan for pediatric acute lymphoblastic leukemia, taken from Kato and Manabe (8).

(19). In addition to this, dietary intake is known to contribute
to ALL patients' bone health and mass, and certain dietary
changes can contribute to the treatment-related toxicity in
ALL patients (20).

Food intake is regulated by appetite-regulating hormones
such as ghrelin, leptin, insulin, glucagon, and cortisol (21).
However, appetite-regulating mechanisms are more complex
in pediatric cancer patients (21). Increases and decreases
in these hormones can manifest themselves with either
weight gain or weight loss during and after ALL treatment,
causing patients to be overweight or underweight, both
affecting disease progression (21). However, there is no direct
correlation between food intake and body composure in
pediatric ALL patients, showing the complexity of the energy
balance mechanisms involved in cancer (21). This complexity
shows that there is a need for early intervention in the dietary
status of ALL patients during early treatment stages to
decrease the risk of nutritional complications (21).

It is common for newly diagnosed ALL patients to present in
an underweight anorexic-cachectic state or an overweight
state (22). For example, Brinksma et al. (22) showed that
many newly diagnosed ALL patients had lower than predicted
Z-scores in growth curves; whereas Ladas et al. (20) showed
that 27% of newly diagnosed ALL patients were obese prior
to treatment. Similarly, Gomes et al. (21) and Tan et al. (23)
showed the percentage to be 21.4% and 24.5%, respectively.
In addition, Lindemulder et al. (24) reported that many
newly diagnosed pediatric ALL patients’ BMIs statistically
significantly increased between induction and consolidation
treatments.

Studies showed varying results regarding levels of appetite
hormones during treatment for ALL. Gomes et al. (21) showed
aslight increase in ghrelin levels with no significant change in
leptin levels. Park et al. (25) showed decreased leptin levels
in pediatric cancer patients compared with healthy patients,
whereas Moschovi et al. (26) showed no significant change
in leptin levels throughout early treatment. Fasting insulin
levels in the study conducted by Esbenshade et al. (27)
showed a statistically significant increase during the first year
of treatment, including maintenance therapy.
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A better understanding of the complex appetite regulation
mechanisms in the presence of cancer can lead to the
development of more complex therapies for the disease
progression of ALL and a better quality of life for ALL patients.

On the other hand, ALL is not the sole malignancy that may
cause malnourishment in children (28). In patients with
solid tumors, two studies reported the prevalence rate of
malnutrition at diagnosis for neuroblastoma to be around
50% (28, 29). One study marked a decrease of 33% in
malnutrition in neuroblastoma patients during treatment
and 20% after the excision of the tumor (28). Another
study reported a 31% malnourishment rate for patients with
brain cancer which are medulloblastoma and supratentorial
primitive neuroectodermal tumors (30).

These results indicate that malnutrition is a common problem
for many childhood cancers along with ALL, and should be
handled with care in order to improve the nutritional status
of the patients and their quality of life.

The Importance of Malnutrition on Acute Lymphoblastic
Leukemia and Bone Health

Musculoskeletal system deformities are frequently observed
in children and adolescents with ALL as the disease and its
treatment itself have many adverse effects on musculoskeletal
health (31-33). Over the last few decades, the cure rate of
ALL approached 90%, therefore minimizing the short-term
and long-term side effects of ALL and the intensive treatment
protocols for ALL on patients’ physical functions gained
importance (32, 34, 35). Reduced bone turnover, bone
mineral density (BMD), bone formation, musculoskeletal
pain, in addition to abnormalities in gait, fractures due to
osteoporosis, and osteonecrosis (ON) have been reported at
diagnosis and during treatment of ALL (32, 34, 36-38).

Bone Mineral Density and Body Composition

BMD increases until the early thirties in healthy people, but
patients with ALL tend to have decreased BMD due to the
disease, its treatment, lack of physical activity, and insufficient
nutrition (33). Glucocorticoids, especially dexamethasone,
have a major role in treating ALL in children as it promotes
lysis of leukemic cells; however, it also reduces bone formation
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by inducing apoptosis of osteoblasts and osteocytes (32, 39).
Low BMD in childhood may ensue osteoporotic fractures
later in life (39). Research by Alos et al. (40) revealed that
16% of children with ALL had vertebral fractures one year
after beginning ALL treatment. The leukemic process has
also been linked with low bone turnover as the leukemic
cells secrete osteoblast-inhibiting factors and parathyroid
hormone-related peptides (39).

In an effort to minimize the effect of low BMD in ALL survivors
later in life, patients are often provided nutritional counseling
and supplementation, such as vitamin D and calcium. A study
conducted by Kaste et al. (41) showed that these treatments
did not significantly remediate the low BMD over a two-year
period.

Unfortunately, few studies have been conducted on the
effects of nutritional deficiencies on bone health in ALL
patients and survivors. However, one study suggests that it
is possible to prevent the bone health complications of ALL
treatment when the patient follows a nutrient-dense diet
(42).

Osteonecrosis

Osteonecrosis is one of the most common and significant
sequelae of ALL treatment, causing serious pain, decreased
mobility, and joint collapse and therefore reduces long-term
survivors' life quality (43). Previous studies show various
results on the prevalence (1.6-17.6%) and risk factors of ON
presentation during or after the antileukemic treatment (41).
A study conducted by Mattano et al. (44) between 1989 and
1995 revealed 9.3% of 1,409 children with ALL experienced
ON within 3 years after diagnosis. Another study reported
the prevalence of ON observed in patients undergoing
intensive chemotherapy for ALL as 1.6% (45). These different
outcomes may stem from different types (dexamethasone,
prednisone) or dosages of glucocorticoids, adolescent age at
diagnosis, or radiation exposure (46). Kadan-Lottick et al. (46)
also confirmed that patients treated with dexamethasone
were 30% more likely to develop ON than patients treated
with prednisone.

CONCLUSION

There have been several studies about the relationship
between ALL prognosis and malnutrition. As it can be seen
in this review, the results are quite diverse. There are many
different methods for evaluating the nutritional status of
the patients. The lack of a standardized method could be
the reason of these contradictory results. The reason of
the discrepancies between findings might also be due to
the differences in sample sizes, cohort characteristics, and
chemotherapeutic agents used in different studies. Larger

Cengiz et al. Effects of Malnutrition on Acute Lymphoblastic Leukemia

7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 17

trials examining appetite-regulating hormone levels and
ALL disease progression are needed for better comparison.
Therefore, itis not correct to compare every study. Nutritional
status should still be considered, as ALL requires long-term
treatment and has implications for both patients’ quality of
life and survival rates.

Adequate nourishment is crucial especially during the early
treatment stages since inadequate nutrition could decrease
the tolerance to chemotherapy as well as reduced immunity,
and has negative effects on hematopoiesis (22, 47). It can lead
to impaired production of blood cells, causing leucopenia and
anemia. Furthermore, severe protein malnutrition in newborns
and infants is related to atrophy in bone marrow and thymus,
immature T cell number in the periphery rises and CD4/CD8
ratio decreases (47). These effects of malnutrition can reduce
the patient’s immunity, which could make the patient more
susceptible to infections affecting survival rate (47).

There is a growing understanding that malnutrition is complex
and reflects a range of overlapping comorbidities that are not
fully understood.

Patients with ALL have a high recovery rate even with
chemotherapy alone, and these patients have a good chance
of living a long, healthy life after treatment. Therefore,
clinicians should be aware of the importance of nutritional
status and focus on patients’ quality of life during treatment.
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