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Abstract:

Background: Undernutrition and overnutrition are prevalent conditions among children with cancer,
impacting their nutritional status (NS). The factors contributing to these issues include the malignancy
itself, the toxicity of cancer therapies, and increased metabolic demands. Undernutrition is particularly
concerning due to its association with worsened outcomes, including higher infection rates, reduced
treatment efficacy, and poorer survival rates. Despite its significance, nutritional status in pediatric
oncology is often overlooked.

Aim:

The aim of this review is to provide an updated examination of nutritional status in pediatric cancer
patients, focusing on the pathogenesis of malnutrition, its impact on treatment outcomes, and the
importance of proper nutritional management during cancer treatment.

Methods: This review synthesizes existing research on the nutritional challenges faced by children with
cancer, including the interplay of disease, treatment side effects, and altered metabolism. Nutritional
assessment methods, including anthropometric measurements, biochemical tests, and clinical evaluations,
are also discussed. The review further explores the role of the microbiome in cancer treatment outcomes
and emphasizes the need for regular and comprehensive nutritional monitoring throughout the treatment
and survivorship phases.

Results: The review highlights that undernutrition in pediatric cancer patients arises from various factors,
including the tumor's metabolic demands, the inflammatory response, and the side effects of therapies such
as chemotherapy, radiation, and surgery. Additionally, altered gut microbiome dynamics contribute to
malnutrition. The prevalence of undernutrition varies widely, with studies showing it affects a significant
proportion of children undergoing cancer treatment. The review also discusses the need for more precise
and standardized nutritional assessments to improve patient care.

Conclusion: Nutritional status is a critical determinant of treatment success and long-term health
outcomes in pediatric cancer patients. This review advocates for the inclusion of nutritional monitoring as
an essential component of pediatric cancer care, recommending more frequent evaluations for at-risk
children. Addressing undernutrition and overnutrition can improve survival rates, treatment tolerance, and
the overall quality of life for children undergoing cancer treatment.
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Introduction:

Undernutrition is a condition characterized by insufficient nutritional status (NS) [1], arising from
an imbalance between the energy and nutrients available and the body's needs. The World Health
Organization (WHO) defines undernutrition in children not only as undernutrition but also as overnutrition
[2]. Under nutrition is commonly categorized into two forms: acute undernutrition (or wasting), which is
defined by the WHO as weight-for-height (WFH) < -2 standard deviations (SD), and chronic undernutrition
(or stunting), defined as height-for-age (HFA) < =2 SD. In children, age must be considered when identifying
overweight and obesity. For those aged 5 to 19 years, overweight is characterized by a BMI-for-age > +1 SD,
while obesity is defined as BMI-for-age > +2 SD. For children under 5 years, overweight is indicated by a
WFH > +2 SD, and obesity is marked by a WFH > +3 SD [3,4]. Advances in supportive care, particularly in
pain management, emesis control, and infection prevention and treatment, have significantly improved
survival rates, now exceeding 80% in high-income countries, and have enhanced the quality of life for
children undergoing cancer treatment [5,6]. Children with cancer are at heightened risk of nutritional
deficits due to the cancer itself, the toxicity of therapies, and increased physiological demands. However,
the significance of nutrition in pediatric cancer care is often underestimated. The prevalence of
undernutrition among children and adolescents undergoing cancer treatment ranges from 0% to 70%,
while the prevalence of overnutrition varies between 25% and 75% [7]. These variations in incidence data
are likely influenced by numerous confounding factors, such as the absence of a standardized definition for
undernutrition, the diversity of diseases and stages, the intensity and duration of therapy, and the small
sample sizes in many studies [8]. Research typically focuses on hematological conditions and
undernutrition during cancer treatment, with overnutrition frequently being overlooked.

Nutritional status during cancer treatment impacts several clinical outcomes, including overall
survival (0S) and quality of life (QoL). NS significantly affects the risk of morbidity and mortality both
during and after cancer treatment, influencing the long-term health of survivors [9,10]. Undernutrition has
been identified as a critical risk factor for infection development, with its presence elevating the risk of
infections and affecting survival rates [11]. Additionally, hyperglycemia, a complication arising from cancer
therapies, has been linked to a higher risk of infections and poorer survival outcomes in pediatric cancer
patients [12,13,14]. Long-term health outcomes may also be affected by late treatment-related effects, such
as endocrinopathies, reduced bone mass, metabolic syndrome, cardiovascular disease, obesity, and
hypertension [15]. Given that children are in critical growth and developmental stages, nutritional
deficiencies during this period can disrupt proper growth, puberty, and development, as well as impede the
establishment of balanced body composition [10].

The gut microbiome (GM) has garnered significant attention in recent years due to its role in the
onset and progression of various diseases. In oncology, the microbiome is increasingly recognized for its
involvement in oncological pathophysiology. Chemotherapy-induced gastrointestinal (GI) toxicity alters
normal bacterial flora, leading to dysbiosis, which contributes to the undernutrition observed in these
patients [16]. Certain foods, such as ready-to-use therapeutic foods (RUTFs), and probiotics like
Bifidobacterium, have shown potential in modulating the microbiome, restoring eubiosis, ensuring
adequate nutrition, and even influencing the effectiveness of cancer treatment [14,17]. Given the
complexities discussed above, nutritional monitoring should become an integral component of the care
pathway for children with cancer. However, there is currently no standardized approach or consistent
guidelines for nutritional care in this population. This review focuses on the alterations in nutritional status
observed in children undergoing cancer treatment, specifically examining the pathogenesis of
undernutrition, its impact on treatment tolerance and response, its effects on the immune system, and its
association with infection risk.
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Pathogenesis of Malnutrition in Pediatric Cancer

Undernutrition in children diagnosed with cancer arises from a complex interplay of factors,
including the malignancy itself, the inflammatory response elicited by the host, the adverse effects of cancer
therapies, and heightened metabolic demands. These factors disrupt normal dietary intake, physical
activity, and the distribution of lean to fat body mass, leading to an imbalance in energy homeostasis [7].
Cancer-induced inflammation is characterized by the release of proinflammatory cytokines such as TNF-q,
IL-1, IL-6, and IFN-y. These cytokines accelerate the mobilization and oxidation of energy substrates,
promote lipolysis, and induce the breakdown of body proteins. Additionally, cytokines may directly
influence the central nervous system (CNS), affecting appetite regulation and elevating energy expenditure
[18,19]. Each form of cancer therapy, including surgery, radiation therapy (RT), and chemotherapy (CHT),
is associated with specific side effects that contribute to nutritional deficits. The combination of these
therapeutic interventions, which is common in most cancer treatment protocols, may reduce appetite,
impair oral intake, and induce nausea and vomiting [17]. These side effects can lead to fluid losses,
electrolyte imbalances, and deficiencies in essential proteins, as well as macro- and micronutrients [16].
Cytotoxic therapies, such as CHT and RT, can also induce mucositis, which affects the mucosal lining of the
oral cavity and gastrointestinal (GI) tract. Oral mucositis lesions are frequently painful, making oral intake
and hygiene challenging, thus increasing the risk of both local and systemic infections [7,20,21].

Chemotherapy agents, particularly those used in the treatment of leukemia, have been shown to
induce oxidative stress in vitro [22]. However, the relationship between oxidative stress and nutritional
status remains under investigation. Oxidative stress, which can contribute to disease progression and DNA
damage under normal circumstances, may also enhance the efficacy of certain chemotherapy regimens in
pediatric leukemia and lymphoma patients. The impact of dietary compounds on oxidative stress levels
during chemotherapy offers insights into how nutrition may influence treatment outcomes. A study by
Raber et al. examined the link between nutritional status and oxidative stress in pediatric cancer patients
undergoing chemotherapy for leukemia and lymphoma, tracking their nutritional intake and oxidative
stress over a six-month period. The findings indicated that oxidative stress levels increased over time and
were correlated with protein consumption, both animal and plant-based [22]. There remains significant
debate regarding whether the metabolic rate of children with cancer differs from that of age- and sex-
matched healthy controls. Broeder et al. observed that the basal metabolic rate (BMR) of children with solid
tumors increased at diagnosis, decreased during treatment, and normalized post-treatment. This suggests
that the tumor itself functions as an active metabolic tissue, raising basal energy demands [23]. In contrast,
other studies have found no significant differences in the BMR between cancer patients and healthy
controls, with no consistent evidence of elevated energy expenditure. These studies suggest that while
cancer patients experience alterations in energy metabolism, they are not in a hypermetabolic state,
challenging the notion that energy expenditure is universally increased in pediatric cancer patients [25,26].

Skeletal muscle depletion is a prominent feature in pediatric cancer patients, stemming from an
imbalance in protein synthesis and degradation, as well as an increase in myocyte apoptosis [7,8]. Rapid
loss of lean body mass can significantly impact muscle strength, immune function, wound healing, and
overall morbidity in these patients [7,8]. In some cases, this depletion of lean mass is accompanied by an
increase in body fat, particularly following prolonged glucocorticoid (GCS) therapy. GCS can promote central
fat accumulation, decrease insulin sensitivity in adipocytes, and impair growth hormone (GH) responses,
further exacerbating the metabolic disruption in these children [7,8,19]. Children with cancer have higher
energy requirements than adults due to their ongoing growth and development [15]. Failure to meet these
increased energy demands may hinder linear growth, which can be further impaired by endocrine
complications resulting from both the disease and its treatments. Growth hormone deficiency (GHD), the
most common pituitary disorder in pediatric cancer patients, is particularly prevalent after craniospinal
radiation therapy for brain tumors or total body irradiation for bone marrow transplantation, leading to
growth failure [27]. Additionally, cranial irradiation may contribute to obesity and metabolic syndrome
through damage to the hypothalamic-pituitary axis. This damage disrupts the mechanisms regulating
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hunger and satiety, increasing the risk of obesity during and after cancer treatment, especially in patients
with brain tumors [19,28].

Methods for Analyzing Nutritional Status in Children with Cancer

Assessing nutritional status (NS) at the time of diagnosis and throughout treatment, as well as
during survivorship, is crucial. Delaying the initial assessment may lead to distorted results due to the
influence of treatment procedures and therapies [17]. The primary objective is to maintain adequate NS
and promote optimal development [16]. Nutritional assessment should encompass the patient's NS,
gastrointestinal function, treatment intensity, and any current or anticipated treatment-related side effects.
A consensus statement by Fabozzi et al. outlined a schedule for nutritional evaluations during pediatric
cancer treatment [29]. Children receiving intensive treatment or those at a high risk for malnutrition should
undergo evaluations at intervals of no more than 3 to 4 weeks. For those undergoing less intensive
treatment, evaluations should occur every 3 months, with assessments every 6 to 12 months during the
maintenance phase. Children admitted to intensive care units (ICU) require more frequent reassessments.
It is also essential to continue nutritional evaluations throughout survivorship to detect any changes and
identify those who require advanced nutritional support [30]. Viani et al. proposed a nutritional assessment
plan for childhood cancer survivors [31]. Children without nutritional risks should be evaluated every 6
months during the first year and annually thereafter. Children at risk due to factors like poor eating habits,
sedentary lifestyles, or elevated lipid levels should be assessed quarterly during the first year, semi-annually
until the fifth year, and annually thereafter. Severely undernourished children should undergo monthly
assessments until their NS stabilizes. Obese children require evaluations every 3 months [29,31].

The A-B-C-D method is a standardized approach recommended for screening NS in pediatric cancer
patients [29,32], which includes anthropometric measures (A), biochemical exams (B), clinical evaluations
(C), and dietary intake (D) [32]. Traditional anthropometric measurements, such as BMI, are often
inadequate for assessing NS in children with cancer, as they do not account for fluid imbalances or
variations in body composition, especially in the presence of conditions like edema or abdominal tumor
masses [7,16]. BMI fails to distinguish between fat and lean mass, which is critical, as cancer patients may
experience selective loss of lean mass despite maintaining stable body weight [10]. Arm anthropometry
offers more sensitive indicators of NS. Measurements such as triceps skinfold thickness (TSFT), which
reflects fat mass, and middle-upper arm circumference (MUAC), which assesses lean body mass, are more
accurate [8]. For children under 3 years of age, head circumference is also essential for assessing
neurodevelopmental outcomes, although it may be impacted in patients with brain tumors [16]. The
assessment of lean body mass, representing the body’s metabolically active component, is crucial for
accurate NS evaluation. Tools like bioelectrical impedance (BIA) can rapidly estimate body composition,
distinguishing fat from lean tissue without radiation exposure [8], though accuracy may be compromised
in patients with fluctuating hydration statuses or chronic illnesses. Dual-energy X-ray absorptiometry
(DXA) is another technique that differentiates lean and fat tissue through pediatric-specific equations but
cannot distinguish between visceral and subcutaneous fat [8,33]. Advances in imaging, including CT and
MR], allow for more precise differentiation between visceral and subcutaneous fat and for assessing skeletal
muscle mass [33].

Muscle health and function are compromised in both pediatric cancer patients and survivors, with
effects such as loss of mass and strength attributed to chemotherapy (CHT) and radiation therapy (RT)
during critical stages of development. Hand-held dynamometry (HHD) offers an efficient, quantifiable
measure of strength [34]. Laboratory tests should supplement anthropometric and body composition data.
These tests include liver and renal function assessments, lipid and glucose panels, and serum protein
concentrations such as albumin, pre-albumin, retinol-binding protein (RBP), and transferrin [35]. These
proteins are influenced by factors like fever, inflammation, liver and renal dysfunction, and cancer
treatments. Albumin, with its long half-life, is better suited for identifying chronic undernutrition [35],
though it may be affected by conditions like protein-losing enteropathy or liver toxicity due to therapy. Pre-
albumin, with a shorter half-life, is more responsive to acute changes in NS and provides an indication of
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the effectiveness of nutritional interventions [36]. RBP, with an even shorter half-life, is useful for evaluating
short-term changes in nutritional status, though it is more difficult to measure than pre-albumin [37,38].
Both proteins may be influenced by vitamin A deficiency. Transferrin, a predictor of mortality in children
with protein-energy undernutrition, increases during infections or iron deficiency [35]. A comprehensive
nutritional analysis also involves assessing the intake of micronutrients such as B vitamins, vitamin D,
calcium, and zinc, as deficiencies in these can exacerbate therapy-related toxicity and increase morbidity

[7].

Clinical evaluation remains essential for detecting signs of undernutrition. Indicators such as
subcutaneous fat loss, muscle wasting, skin and hair changes, weight fluctuations, edema, mucous
membrane dryness, and signs of vitamin and mineral deficiencies must be evaluated in undernourished
children [31]. Additionally, the side effects of cancer treatment that affect oral intake, such as vomiting, loss
of appetite, diarrhea, constipation, and mucositis, should be carefully monitored [31]. A thorough
nutritional history, taken at the initial assessment and re-evaluated regularly, is essential to identify factors
affecting dietary intake, including food aversions, allergies, and changes in physical activity or family
behaviors [30,36]. A food diary documenting all intake for 3 to 7 days is a useful tool in this process [30,36].
This evaluation should be conducted by skilled professionals, such as dietitians or clinical nutritionists with
expertise in pediatric oncology. Various nutritional screening tools, such as Strong Kids and the Patient-
Generated Subjective Global Assessment (PG-SGA), have been developed to assess nutritional risk in
children. Strong Kids is a straightforward tool based on subjective clinical assessment, disease risk,
nutritional intake, and weight changes [18], though it does not differentiate based on tumor type or
treatment stage [29,39]. The PG-SGA is a sensitive, non-invasive tool that can be used at the bedside to
identify malnutrition and triage patients for nutritional support [40]. It collects data on weight loss,
nutritional symptoms, changes in dietary intake, and physical evaluation, as well as the presence of ascites
and edema. Developing a disease-specific nutrition score that considers disease type and treatment
intensity would be beneficial. It is essential to integrate various assessments, including anthropometric
measurements, laboratory data, body composition analysis, caloric intake assessment, and energy
expenditure, to comprehensively define the NS of pediatric cancer patients.

Prevalence of Undernutrition Across Various Pediatric Cancer Types

The available literature on the prevalence of both undernutrition and overnutrition in pediatric
cancer patients reveals significant variability. This variation is influenced by several factors, including
tumor type (its location, stage, and biological behavior), the nature of the treatment administered, the age
of the patients, and the methods and threshold values used for assessing nutritional status (NS) [1,16].
Generally, undernutrition is prevalent at the time of diagnosis and tends to worsen during the course of
treatment, influenced by both the cancer itself and the effects of chemotherapy. In contrast, overnutrition
becomes more prevalent towards the end of treatment, although it can also be observed at the initiation of
therapy, particularly in patients with brain tumors or those receiving high doses of steroids [1,16]. Studies
have reported lower rates of undernutrition in patients with acute lymphoblastic leukemia (ALL),
lymphoma, and non-metastatic localized tumors, as well as in patients who are in remission and undergoing
maintenance chemotherapy [41,42]. Specifically, the prevalence of undernutrition in leukemia patients is
reported to be 5-10% at diagnosis, decreasing to around 5% during treatment. In contrast, patients with
neuroblastoma exhibit a much higher rate of undernutrition, with 50% of patients being undernourished
at diagnosis and 20-50% continuing to experience undernutrition during treatment. The prevalence in
other malignant tumors ranges from 30% at diagnosis to 30% during treatment. Estimating the prevalence
of undernutrition in patients with solid tumors is particularly difficult due to the scarcity of relevant studies,
and even fewer studies focus on brain tumors [41].

Two retrospective studies have specifically investigated leukemia patients [43,44]. The first study
found that 7.6% of male and 6.7% of female patients were undernourished at diagnosis, with 2.6% of males
and 3.2% of females being overnourished in the cohort of ALL patients [43]. This study emphasized the
importance of conducting early nutritional screenings to swiftly identify and address undernutrition,
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suggesting the use of body mass index (BMI) calculations. The second study reported a 10.9% prevalence
of underweight and 14.9% prevalence of overweight in acute myeloid leukemia (AML) patients [44]. AML
patients with a BMI below the 11th percentile were found to have a lower chance of survival compared to
children with normal weight, likely due to their diminished ability to combat infections [44]. As mentioned
earlier, data on solid and brain tumors is limited. One study observed that the prevalence of undernutrition
at diagnosis in patients with solid tumors was 50%, which decreased to 33% after two cycles of
chemotherapy and further to 20% after the tumor was excised. Children with solid tumors are at
particularly high metabolic risk [44]. Additionally, research indicates that pediatric patients diagnosed with
neurological tumors have a 31% rate of undernutrition at diagnosis [45]. In children diagnosed with
medulloblastoma, the undernutrition rate can be even higher due to recurrent episodes of nausea and
vomiting [46]. Interestingly, patients with brain tumors exhibit the highest rate of overnutrition at diagnosis
compared to other tumor types, with overnutrition and obesity rates of 42.6% and 40.4%, respectively [1].

Consequences of Undernutrition in Pediatric Cancer Patients

Undernutrition during cancer treatment can significantly impair the tolerance to chemotherapy
(CHT), overall survival (0S), event-free survival (EFS), susceptibility to infections, and quality of life (QoL)
in pediatric patients [7]. The adverse effects of undernutrition on QoL are both direct and indirect. It may
contribute to a reduction in bone mineral density (BMD) and increase the risk of chronic conditions such
as cardiovascular diseases, diabetes, and metabolic syndrome. Moreover, undernutrition heightens the
vulnerability to infections and can alter the pharmacokinetics of chemotherapeutic agents, thereby
increasing drug toxicity. These factors may lead to delays in treatment, poorer survival outcomes, increased
risk of relapse, and diminished event-free survival [7,15,16].

Impact of Nutrition on Drug Pharmacokinetics

Poor nutritional status has been linked to an elevated risk of treatment-related toxicity [8].
Decreased body weight and alterations in body composition can influence the pharmacokinetics of
chemotherapy by affecting the volume of distribution, absorption, metabolism, and elimination of drugs,
resulting in reduced tolerance to treatment. Protein-caloric undernutrition can also disrupt the renal and
hepatic metabolism of certain chemotherapeutic drugs, leading to enhanced adverse effects such as severe
myelosuppression and febrile neutropenia (FN) [7,15]. In obese patients, alterations in body composition
and organ function may result in altered serum protein binding, metabolism, and clearance of
chemotherapy agents. For hydrophilic drugs, excess fat mass is not available for distribution, reducing the
total volume of distribution, while lipophilic drugs experience an increased volume of distribution [15,16].
Furthermore, adiposity has been implicated in the production of tumor growth factors, such as insulin-like
growth factor 1 (IGF-1), which contribute to resistance against the cytotoxic effects of chemotherapy by
protecting tumor cells [10]. The combined effect of increased therapy toxicity and heightened infection risk,
due to immune incompetence, may lead to delays or cessation of treatment, contributing to an elevated risk
of relapse and poorer survival outcomes [10].

Impact of Nutrition on Survival Rates

Children with acute lymphoblastic leukemia (ALL) or acute myeloid leukemia (AML) and higher
body mass index (BMI) at diagnosis tend to have poorer survival outcomes [47]. A higher BMI (above the
85th percentile) at diagnosis is associated with poorer event-free survival (EFS) in ALL patients, along with
significantly increased mortality and, although not statistically significant, a greater risk of relapse [47].
Furthermore, ALL patients who are obese at the onset of therapy have a significantly higher risk of
persistent minimal residual disease (MRD) in the bone marrow [48]. The influence of weight on EFS extends
beyond diagnosis; maintaining a higher weight during treatment continues to negatively affect the risk of
recurrence and death [49]. Obese or underweight patients with ALL who maintain their altered nutritional
status for more than half of the pre-maintenance treatment period face double the risk of relapse or death
compared to those who maintain normal weight or achieve normal weight during therapy [49]. In these
groups, EFS is notably inferior, with hazard ratios of 1.43 and 2.30, respectively (global p < 0.001) [49].
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Normalizing weight during treatment mitigates this risk, bringing it in line with patients who have never
been obese or underweight, suggesting that nutritional interventions could potentially improve outcomes
in cancer treatment [47,50]. Children with AML and higher BMI also demonstrate poorer EFS, OS, and
increased treatment-related mortality. Overweight children with AML frequently experience abdominal
pain, hypertension, and pulmonary and coagulation complications [44,47]. A recent systematic review by
Joffe et al. examined the impact of BMI on survival and treatment toxicity in a diverse cohort of pediatric
patients with solid tumors, including those derived from renal, bone, liver, eye, muscle, vascular, germ cell,
and neural crest tissues. The review found that abnormal BMI was associated with worse OS in Ewing
sarcoma, osteosarcoma, and showed a trend toward poorer OS in rhabdomyosarcoma. In osteosarcoma,
high BMI was associated with increased nephrotoxicity and postoperative complications [51].

Undernutrition is linked to worse survival outcomes in both hematological and solid tumors.
Loeffen et al. demonstrated that survival was significantly worse at diagnosis or 3 months post-diagnosis
for patients who were undernourished compared to those who were well-nourished or over-nourished at
diagnosis [52]. Notably, undernutrition at 3 months after diagnosis is potentially preventable through
regular nutritional monitoring and early intervention, which could improve survival rates [52]. In leukemia
patients, particularly in low- and middle-income countries, undernutrition is a significant negative
prognostic factor. Barr et al. found that undernutrition was associated with a higher number of therapy
dropouts and lower 2-year EFS [53]. Additionally, undernourished children with leukemia had substantially
poorer 5-year disease-free survival compared to their well-nourished counterparts, highlighting the
importance of early identification and intervention for undernutrition in these patients to improve long-
term survival [53]. In patients with advanced neuroblastoma, Wilms tumor, and Ewing sarcoma, the
prevalence of undernutrition is notably high (averaging 34%) [33]. Weight loss at diagnosis is a risk factor
for the development of suboptimal nutritional status during cancer treatment, which, in turn, impacts
morbidity and mortality outcomes [1]. Patients who are undernourished during the early stages of
treatment face worse OS, regardless of the prognosis at diagnosis. The prevalence of undernutrition in solid
tumor patients remains high from diagnosis through the completion of therapy [54]. The first 3 months of
treatment are particularly critical, with undernutrition at diagnosis strongly correlating with an increased
risk of relapse, death, or progression to palliative care, making these patients 14 times more likely to
experience one of these outcomes [55].

Undernutrition and Infections:

In pediatric cancer patients, infections are a prevalent cause of morbidity and mortality [30]. The
pathogenesis of infections in this population is multifactorial, with the risk influenced by disease-associated
factors, treatment-related factors, and patient-specific factors. Disease-associated factors, such as bone
marrow suppression resulting from hematologic malignancies, heighten infection susceptibility.
Treatment-related factors, such as chemotherapy-induced neutropenia, further exacerbate this risk.
Patient-related factors, including age, comorbidities, and nutritional status (NS), also play a critical role,
with NS being a key determinant of infection risk. Undernutrition increases the likelihood of severe
infectious complications, as the catabolic state and nutrient depletion characteristic of cancer heighten the
risk of sepsis in pediatric patients [7]. Undernutrition impairs immune function, heightening vulnerability
to infections and febrile neutropenia (FN) in pediatric cancer patients. This effect is mediated by hormonal
changes and a compromised cytokine response [18,53]. Nutritional deficiencies adversely affect immune
cells, including B and T lymphocytes, polymorphonuclear cells (PMNs), mononuclear phagocytes, as well as
the function of the complement system and cytokine regulation [30]. A low baseline BMI and significant
weight loss during cancer treatment are significant prognostic indicators for both bacterial and fungal
infections, as well as reduced survival rates [11]. A study by Loeffen et al. demonstrated that children who
lost more than 5% of their body weight within the first three months of diagnosis exhibited an increased
incidence of FN episodes with bacteremia within the first year [52]. These findings suggest that rapid
weight loss can increase susceptibility to bacterial infections, whereas weight loss occurring between 3-6
months and 6-12 months post-diagnosis did not significantly affect FN occurrence [52]. Similarly, a
retrospective study by Triarico et al. affirmed that weight loss 25% within the first 3-6 months after

1581

https://reviewofconphil.com



diagnosis strongly correlated with an increased frequency of =3 hospitalizations for FN. The study
concluded that malnutrition at diagnosis is an independent risk factor for FN hospitalization [18]. These
findings underscore the importance of identifying patients at risk of malnutrition to mitigate potential
infection complications [18,52].

Hyperglycemia and Infections:

Hyperglycemia is a recognized complication of the treatments used in pediatric cancer, particularly
from glucocorticoids (GCS) and asparaginase, which are frequently implicated in its onset [12,13,14]. The
prevalence of hyperglycemia during cancer treatment ranges from 10% to 20%, with the highest incidence
observed in the treatment of acute lymphoblastic leukemia (ALL) [12]. Hyperglycemia has been associated
with an increased susceptibility to infections and poorer survival outcomes in pediatric cancer patients
[12,13,14]. While it remains unclear whether hyperglycemia serves solely as a clinical marker for infection
or directly contributes to the infection risk, numerous studies suggest that acute hyperglycemia impairs
innate immune function, thereby compromising the ability to combat infections [13]. Currently, no
standardized guidelines exist for monitoring hyperglycemia during pediatric cancer therapy, either
generally or for specific disease groups. There is no consensus on the frequency, type of measurements, or
intervention protocols. However, it is recommended that pediatric patients receiving cancer treatment be
monitored through serial blood glucose assessments, particularly those over the age of 10 or those with
additional risk factors such as Down syndrome, central nervous system (CNS) involvement, obesity, or
planned therapies involving glycemic-altering agents such as GCS and asparaginase [12].

Impact on Psychological Well-being, Quality of Life (QoL), and Long-term Consequences of
Malnutrition:

Malnutrition can significantly affect the psychological well-being and overall QoL of children with
cancer [1]. It specifically impacts emotional and cognitive functions, social interactions, and physical health.
Cancer-related fatigue is a prominent issue among pediatric cancer patients, often extending beyond the
completion of treatment [56]. This condition is characterized by persistent tiredness, low energy, and
difficulty performing everyday tasks. Poor sleep quality and reduced physical performance are frequently
associated with cancer-related fatigue, which can contribute to depression and impair cognitive function.
Addressing fatigue through non-pharmacological interventions, such as exercise, massage, music therapy,
and health education, may improve QoL. Beetroot juice supplementation is one such intervention being
explored for its potential to alleviate fatigue and exercise intolerance. While beetroot has shown promise in
athletes and certain patient populations, its effectiveness in children with cancer requires further
investigation to assess both its safety and potential efficacy in combination with standard cancer treatments
[56]. The long-term effects of cancer therapies and subsequent undernutrition represent a significant
concern for pediatric cancer survivors. Metabolic disorders, including dyslipidemia, overweight/obesity,
and metabolic syndrome, are prevalent in these survivors and present ongoing health challenges for
healthcare providers [57,58]. Dyslipidemia and related conditions, such as high blood pressure, type 2
diabetes, metabolic syndrome, fatty liver disease, and orthopedic issues, may be exacerbated by thyroid
dysfunction. Hypothyroidism, which may be either primary or secondary following radiation therapy, is the
most common thyroid disorder in survivors. Studies have highlighted the increased risk of dyslipidemia
and atherosclerosis in pediatric cancer survivors. In a study by Barg et al, lipid disorders,
overweight/obesity, and thyroid dysfunction were examined in survivors who had completed their last
cancer treatment at least one year prior, with some participants having survived for over five years. The
results indicated that lipid abnormalities, including elevated cholesterol and triglycerides, were common
among these patients [58].

Cardiovascular and Metabolic Health in Survivors:

Cardiovascular disease is a leading cause of non-malignant morbidity and mortality in pediatric
cancer survivors [60-61]. Cancer treatments, particularly anthracycline-based chemotherapy and chest
radiation can predispose survivors to early cardiovascular disease. In addition to these treatment-related
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risks, modifiable factors such as hypertension, obesity, diabetes mellitus, smoking, and dyslipidemia
contribute to cardiovascular risk in this population. Strategies to mitigate these risks should be prioritized
to reduce the incidence of cardiovascular disease among survivors. A reduction in sodium intake,
particularly for survivors with hypertension, could help lower blood pressure and potentially decrease
cardiovascular events and mortality [60]. Early intervention in obesity prevention is crucial for pediatric
cancer survivors. Zhang et al. proposed a 12-week remote program aimed at reducing obesity in pediatric
survivors of ALL aged 3-11 years. The intervention, delivered through web-based sessions and phone calls
with a lifestyle coach, did not show significant improvements in physical activity or weight status, but
parents reported a decrease in the "pressure to eat" feeding practice. Further research is necessary to
evaluate the long-term effectiveness of such interventions in pediatric cancer survivors [61].

Bone Health and Osteopenia:

Inadequate intake of bone-related nutrients, such as vitamin D and calcium, which often
accompanies undernutrition, increases the risk of osteopenia late effect of oncological treatment [7].
Several factors contribute to alterations in bone metabolism in pediatric cancer patients, including direct
effects of cancer (e.g., leukemia) on the skeleton, the toxic impact of chemotherapy and radiation on bones,
treatment-induced endocrine deficits (e.g., growth hormone deficiency, hypogonadism), reduced physical
activity, and altered muscle strength [7]. The use of glucocorticoids and nephrotoxic agents can induce
hypercalciuria, further increasing the risk of osteopenia and fractures. Osteopenia is particularly prevalent
among patients with ALL, CNS tumors, and those undergoing hematopoietic stem cell transplantation
(HSCT). Recognizing and treating hormonal imbalances that affect bone metabolism, along with addressing
vitamin D deficiencies and promoting physical activity, is essential for managing bone health in these
patients.

Conclusion:

Pediatric cancer patients are highly vulnerable to both undernutrition and overnutrition, which
significantly impact their treatment outcomes, immune function, and overall survival. The pathogenesis of
malnutrition in these patients is complex, involving factors such as the cancer itself, the inflammatory
response induced by the disease, the adverse effects of treatments like chemotherapy (CHT) and radiation
therapy (RT), and increased metabolic demands. The interplay of these factors disrupts normal nutritional
intake and energy balance, leading to nutritional deficits that may affect treatment tolerance and efficacy.
Undernutrition during cancer treatment has been associated with worsened clinical outcomes, including
increased morbidity, delayed recovery, and higher mortality rates. In contrast, overnutrition, often
overlooked, can also be detrimental, especially in patients who experience treatment-related metabolic
disturbances, such as obesity and metabolic syndrome. Malnutrition has been identified as a key risk factor
for infection, which further compromises the health of these patients. Furthermore, nutritional deficiencies
can impair growth, development, and immune responses, with long-term effects on the overall health of
pediatric cancer survivors. The importance of regular and accurate nutritional assessments in pediatric
oncology cannot be overstated. Monitoring nutritional status (NS) should begin at diagnosis and continue
throughout treatment, with reassessments during survivorship. Several methods are available for
evaluating NS, including anthropometric measurements, biochemical exams, and dietary intake
assessments. Standardized guidelines for nutritional monitoring, particularly in high-risk patients
undergoing intensive treatment, are essential for ensuring adequate nutritional support and preventing the
detrimental effects of malnutrition. The gut microbiome plays a critical role in both the onset and
progression of malnutrition in pediatric cancer patients. Cancer therapies, especially chemotherapy, can
disrupt the gut flora, leading to dysbiosis and further exacerbating nutritional deficits. Probiotics and
targeted nutritional interventions, such as ready-to-use therapeutic foods (RUTFs), have shown promise in
modulating the microbiome and supporting adequate nutrition during cancer treatment. In conclusion,
optimizing nutritional care for pediatric cancer patients requires a comprehensive, personalized approach
that accounts for the unique challenges posed by cancer and its treatments. Ensuring adequate nutrition
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through early detection and continuous monitoring is critical for improving treatment outcomes,
minimizing complications, and enhancing the quality of life for children battling cancer.
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