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The role of nutrition in children
with cancer

Abstract

In recent years, the influence of nutrition on the health and growth of children has become increasingly important.
The relevance of nutrition is even greater for children who are facing cancer. Malnutrition, within the context of
undernutrition and overnutrition, may impact not only the effectiveness of treatments and outcomes, but also the
quality of life for patients and their families. In this article, we review nutritional assessment methods for children with
cancer, focusing on the specific characteristics of this population and analyze the efficacy of nutritional interventions,
which include enteral, parenteral, and nutritional education. From our analysis, two important conclusions emerged: i)
there is a need to focus our attention on the nutritional status and the body composition of oncologic children, since
these factors have a relevant impact on clinical outcomes during treatment as well as after their conclusion; ii) the
support of skilled clinical nutrition personnel would be extremely helpful for the global management of these patients.
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Introduction

Nutrition is the balanced source of energy and nutrients
needed for cellular biochemical reactions and protection
against damage.! Our body can store nutrients in structural
and functional pools (bone, muscle, adipose tissue, liver), that
become available in times of need.' A range of nutrients are
also made available as products of the metabolic activity of
the microbiome in significant, but undetermined quantities.

At different ages and stages of life, energy and nutrients
requirements change. During childhood, nutrition is essen-
tial to ensure linear growth, puberty, balanced body compo-
sition and finally health maintenance. An inability to access
required energy and nutrients leads to abnormal body com-
position and ultimately to illness. At the other extreme, the
consumption of foods that provide excessive calories leads
to increased weight and fat mass. Metabolic dysregulation
in overweight and obese people alters the body homeostasis
and is related to increased morbidity and mortality.'

The presence of cancer represents an extremely
stressful condition for the body, which requires adequate

performance to cope with the disease. Malnutrition occurs
frequently in children with cancer, with a reported preva-
lence varying from 5 to 48%73° and is related to many fac-
tors: tumour type and stage, intensity of treatment, host
factors, as well as the socio-economic status of the family.
Alteration of body composition during cancer therapy can
result in increased infections, organ dysfunction, altered
pharmacokinetics, poor quality of life and the occurrence
of comorbidities.’
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Table |. High-risk factors for malnutrition (undernutrition and overnutrition) in children with cancer.

9,16,19,81,82.

DIAGNOSIS

Solid tumours in advanced stages (neuroblastoma, Wilms tumour, rhabdomyosarcoma, Ewing sarcoma)

Central nervous system tumours (craniopharyngioma, medulloblastoma, astrocytoma, ependymoma)

High-risk and multiple relapsed acute leukaemia and lymphomas
Nasopharyngeal carcinoma

TREATMENT

Prolonged corticosteroid therapy with large doses
Hematopoietic stem cell transplantation (HSCT)
Graft Vs Host Disease

Major abdominal surgery

Irradiation to the gastrointestinal tract

High-dose cranial/craniospinal radiotherapy

To improve outcomes in children with cancer, it is essen-
tial to focus attention on nutritional care. Understanding
“what children are” (body composition), “what they eat”
(quality of diet) and “what they can do” (performance sta-
tus) are integral to the global care process.!

Assessment of nutritional status in
children with cancer

Traditionally, nutritional assessment is based on anthropo-
metric measures, biochemistry exams, clinical evaluation,
and dietary intake. Assessment is a dynamic process for
which there are no standard clinical guidelines and is
required at each phase of the disease course: diagnosis,
during treatment and follow-up post therapy.®

The Nutrition Working Group (NWG) of the International
Society of Paediatric Oncology (SIOP), Committee on
Paediatric Oncology in Developing Countries (PODC) rec-
ommends a standardized method of nutritional assessment
for children with cancer, with an emphasis on ease of admin-
istration and cost-effectiveness.’

The NWG recommends that the minimum nutritional
assessment includes weight, height, and mid-upper arm
circumference (MUAC), calculation of body mass index
(BMI), plotted on WHO growth charts to determine the
appropriate percentile or Z-score for height for age (H/A),
weight for age (W/A), weight for height (W/H), BMI for
age (BMI/A), MUAC for age (MUAC/A), and triceps
skinfold thickness (TSFT) for age (TSFT/A). The Z-score
determines if the child is stunted, underweight, or acutely
malnourished. !

While the classification of nutritional status based on
weight and height is not reliable for children with cancer as
measures of weight can be impaired by large tumour masses,
hydration status, and organomegaly,!! several methods/tests
are available. The first, dual energy X-ray absorptiometry
(DXA) is considered the clinical gold standard to assess body
composition,'""> measuring proportion of fat mass, lean

mass, and bone mineral content. However, this sophisticated
method is not readily available in routine clinical practice.
Secondly, MUAC is a rapid, easy and sensitive test for meas-
uring musculature, available protein stores, lean body mass
and at the same time it is independent of abdominal tumour
masses, temporary gains in total body water and ethnicity.!"!®
SIOP PODC recommends that MUAC should be used as an
anthropometric measurement in children with malignan-
cies.>!> Moreover, many biochemical parameters can add
information about a patient’s nutritional status.'*!® Certainly,
the clinical evaluation of cancer patients remains essential to
detect signs of malnutrition; these include the presence of
muscle wasting, loss or excess subcutaneous fat, presence of
oedema, mucous membrane dryness and hair changes.
Clinicians should also consider conditions that may affect
oral food intake, such as the inability to chew and swallow,
loss of appetite, vomiting, diarrhoea, constipation, indiges-
tion, or severe mucositis.® Table 1 summarizes the anamnestic
high-risk factors for malnutrition in children with cancer that
must be routinely evaluated starting from the clinical history.

Children with cancer require a complete and varied
diet, adequate in protein and energy content during treat-
ment. Therefore, a complete dietary history is necessary
for a nutritional assessment, including the intake of macro-
and micro-nutrients, food aversions, allergies, or intoler-
ances, current eating patterns, family behaviour as well as
food hygiene at home.!®!” This full evaluation is best per-
formed by expert personnel such as dieticians or clinical
nutritionists, who should follow the patient during the
entire treatment period and after its conclusion.

The recommended macronutrient intake for children is
based on acceptable macronutrient dictary ranges
(AMDR), which are based on percent ranges of total calo-
ries. For fat, 30% to 40% is recommended between the
ages of 1 and 3 years, and 25% to 35% between the ages of
4 and 18 years; while 45% to 65% of energy should come
from carbohydrates and 10% to 35% from proteins,
between the ages of 1 and 3 years a 5% to 20% protein
intake is recommended.®'® There are no specific modified
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recommendations for nutrient intake in children with can-
cer, but diets should be tailored to meet the requirements of
patients and modified during the different phases of ther-
apy, in order to ensure adequate growth and development
and provide appropriate interventions.®

Follow-up with a dietician should consist of a nutri-
tional support strategy adapted to the individual patient
nutritional needs, nutritional status, gastrointestinal func-
tion and current or expected treatment side effects. The
dietician should also provide continuous nutritional educa-
tion.® Finally, it is recommended that patients at high-risk
for malnutrition should be followed up very closely.’

Oral, enteral, and parenteral nutrition

Oral and enteral nutrition

The best way to nourish children with cancer is through
the gastrointestinal tract, which has also the important ben-
efit of maintaining mucosal gut integrity and a colonized
gastrointestinal tract.'

The requirements of patients with cancer generally cor-
respond with those of children of the same age and gender.
Most children with cancer are not in a hypermetabolic con-
dition, therefore do not require excess nutrient intake.?%?!

Nutritional counselling by an expert dietician is consid-
ered to be sufficient if a patient is adequately nourished,
does not lose weight and is consuming at least 60% of the
recommended nutrient intake.?>?® Counselling with the
family should be provided as well regarding food hygiene,
food shopping, cooking, and serving size. The use of a
restrictive neutropenic diet has not proven to be superior to
regular diets with respect to safe food handling.?%-!

Oral supplements are indicated when the patient has a
moderate nutritional risk or is unable to fully meet daily
requirements orally. For this aim, commercial supplemen-
tation (liquid, semi-solid, or powder), energy dense foods
or ready-to-use therapeutic foods may be suggested.
Nutrient dense regional foods and homemade supplements
may also be encouraged since they are less expensive,
available, less processed, and usually better tolerated than
commercial formulas."

Enteral nutrition (EN) by feeding tube is indicated
when energy and nutrient requirements are not met by oral
intake in a patient with a functional gut. The generally
accepted main indications for EN are severely wasted
patients; meeting less than 60% of their estimated nutri-
tional requirements orally for more than five consecutive
days; over 5% weight loss since diagnosis; a decrease of >
10% in the mid upper arm circumference (MUAC) since
diagnosis.?!?432

EN is a safe and effective method to treat or prevent
severe malnutrition. Often, the major barrier for the use of
this treatment strategy is parental resistance.'® Complications
of nasogastric tube placement and use are rare and include:?”*

misplacement, local infection and irritation, mucosal ulcera-
tion, aspiration with respiratory infections, mechanical
obstruction, dysphagia and nausea.’?-3*

The type and size of tubes, methods of enteral feeding
(bolus vs continuous) and type of formula (standard poly-
meric, concentrated, semi-elemental or elemental) must be
tailored to the patients’ needs and clinical characteristics.
For example, semi-elemental or elemental formulas are
indicated for children with severely impaired gut digestion
and absorption."’

Parenteral nutrition

Parenteral nutrition (PN) consists in the provision of intra-
venous solutions containing macronutrients (protein, car-
bohydrate, and fat) and micronutrients (vitamins and
minerals) through a central venous catheter (CVC) or a
peripheral access. Its scope is to provide adequate nutrition
in children when EN is impossible, inadequate, or clini-
cally contraindicated, such as in children with intestinal
obstruction or paralytic ileus, intractable vomiting or diar-
rhoea, severe mucositis, intestinal graft versus host disease
(GVHD), acute haemorrhage, severe pancreatitis, radia-
tion enteritis or gastrointestinal perforation.’>-3¢

Multiple conditions and treatment-related factors may
contribute to intestinal insult and influence the nutritional
status of children with cancer. This may result in altera-
tions of absorptive and secretory functions of the intestinal
mucosa, haemorrhages, intestinal dysmotility or intestinal
failure.>*

The possible complications related to the use of PN are:
mechanical or equipment-related complications, such as
CVC thrombosis, break, occlusion or dislodgement; infec-
tive complications, for example CVC-associated infec-
tions and metabolic complications, such as deficiency or
excess of parenteral nutrition components (hypertriglyc-
eridemia and hyperglycaemia), acid-base or electrolyte
imbalance, drug interaction or compatibility problems,
intestinal failure—associated liver disease, refeeding syn-
drome.** For these reasons, patients undergoing PN should
be closely monitored to immediately identify possible
problems. Nutritional status needs continuous reassess-
ment, including subclinical vitamins and trace elements
deficiency assessment.*

Optimal management also includes the removal of pre-
cipitating or contributing factors of the intestinal failure
(for example infections, drugs), especially in children fol-
lowing hematopoietic stem cell transplantation or pharma-
cological supportive care to reduce gastrointestinal
symptoms (nausea, vomiting, diarrhoea, abdominal pain).
An expert clinical nutritionist should be involved to deter-
mine specific targets of energy and protein requirements.
Although an age-appropriate balance of carbohydrate, pro-
tein and fat should be maintained, metabolic changes in
children with cancer may influence individual needs.
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Nutritional Assessment:

Adequately nourished and consuming
at least 60% of the recommended —>
nutrient intake

Nutritional counselling

e ANTROPOMETHRIC
MEASURES

> Patients with moderate nutritional risk
(not high risk), unable to fully meet |~ >
daily requirements orally

Oral supplements

e CLINICAL EVALUATION

\ 4

e BLOOD TESTS

e DIETARY HISTORY

Wasted patients; meeting less than
60% of nutritional requirements for
more than 5 days; over 5% weight —>
loss; a decrease of > 10% in MUAC

Enteral nutrition (EN)

EN impossible, inadequate, or
clinically contraindicated

- Parenteral nutrition (PN)

Figure |. Flow chart of nutritional assessment and possible interventions.

Excessive supply of calories should be avoided, but it is
also essential to guarantee adequate protein intake.*

Measures should be taken to avoid hyperglycaemia,
prevent essential fatty acid deficiency,’” minimize the risk
of intestinal failure-associated liver disease, for example
avoiding excessive PN caloric intake, PN cycling through
the administration of trophic feeds. Minimal enteral feed-
ing, when available, may help restore a healthy microbi-
ome, whose role seems essential for intestinal function and
global health maintenance.>

Finally, PN should be discontinued as soon as the clini-
cal condition allows it.

A possible approach from nutritional assessment to
interventions is shown in Figure 1.

Cancer outcomes in children with
malnutrition in high income countries

To understand the impact of malnutrition on outcomes of
children with cancer, it is mandatory to use standardized
methods for the assessment of nutritional status and
repeated reassessments during and after treatment.! As
already mentioned, BMI may be misleading as it does not
distinguish muscle from adipose. Furthermore, tissue and
body weight may be influenced by tumoral masses and
fluid retention. MUAC measurement is not yet routinely
utilized in clinical practice and DXA has limited availabil-
ity even in high-income countries (HICs).

These methodological issues underlie much of the vari-
ability reported in the prevalence of malnutrition in

children with cancer in HICs.! The lack of longitudinal
data tracking nutritional status during or after treatment
makes it difficult to draw conclusions about the impact of
nutrition on clinical outcomes, as reported by a systematic
review>® that identified 46 reports containing information
from “developed” and “developing” countries. This review
highlighted the need for high-quality, population-based,
longitudinal studies using standard criteria to identify
malnutrition.

Obese patients

In HICs, much attention has been focused on the impact of
obesity on clinical outcomes in children with malignant
disease.! A systematic review by Orgel et al.*® demon-
strated that a higher BMI was associated with a signifi-
cantly increased mortality rate, poorer event free survival
(EFS) and a statistically non-significant trend toward
greater risk of relapse in children with leukemia.

Different studies have shown that obesity during treat-
ment induction is an independent predictor of persistent
positivity of minimal residual disease (MRD).**#! There
are also other associations between high BMI and treat-
ment-related toxicities in children with acute lymphoblas-
tic leukemia,* including osteonecrosis,* hepatotoxicity or
pancreatitis*® and the incidence of adverse events during
chemotherapy.*!

Less data is available on children with acute myeloid
leukemia (AML), although a high BMI at diagnosis has
been associated with poorer EFS and overall survival.?
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Furthermore, a link between obesity and higher rates of
fatal infection and more treatment-related mortality has
been suggested.* +

Underweight patients

Only a few studies have examined the relationship
between undernutrition and outcomes in children with
cancer in HICs. One study from the Netherlands® reported
an association between undernutrition, defined by BMI,
identified in 5% of children at diagnosis, with a lower sur-
vival rate. The authors found that weight loss during treat-
ment was associated with the increased presence of febrile
neutropenic episodes with bacteraemia. The impact of
undernutrition also continued as treatment progressed.
Similar considerations were reported by Triarico et al.,*
who concluded that a personalized evaluation of nutri-
tional risk at diagnosis and close monitoring of nutritional
status are crucial for ensuring a timely and personalized
nutritional intervention, which may potentially improve
tolerance to chemotherapy and survival, in turn prevent-
ing prolonged hospitalization for infections. In a recent
review, Paviglianiti* underscored how being at either
extreme of the index (underweight or obese) is associated
with worse outcomes and toxicities in children with leu-
kemia or undergoing hematopoietic stem-cell transplanta-
tion (HSCT).

Changes in body composition

Cancer treatments may affect not only BMI but may also
cause changes in other body compartments. Sarcopenia
(loss of muscle mass) has been reported particularly in
children with ALL (Acute Lymphoblastic Leukemia),
early in therapy and without restoration by the end of treat-
ment.** Sarcopenic obesity is well described in survivors
of HSCT, after total body irradiation (TBI), as well as in
long-term survivors of ALL.>%3! One consequence of this
condition is that excess visceral fat and inadequate skeletal
muscle mass, may lead to metabolic syndrome and cardio-
vascular disease in childhood cancer survivors.*

Bone mineral content is another compartment of the
body that is adversely affected in paediatric cancer and its
treatment.”!' This is especially important because approxi-
mately 40% of bone mass accumulates during childhood
and adolescence. Most of the studies in children with can-
cer have been performed in those with ALL. These patients
often exhibit osteopenia at diagnosis, and this becomes
more pronounced during treatment.’>33 It is associated
with prevalent vertebral fractures, which are often clini-
cally unrecognized.** Osteopenia in children with cancer is
not limited to those with ALL, but also to those with solid
and brain tumours.>? This condition has a negative impact
upon quality of life, as it involves pain, movement limita-
tions and worse performance in physical activities.>

Effect of nutrition on drug disposition

The level of nourishment can affect drug disposition, in
terms of absorption, distribution, metabolism and excre-
tion. Chemotherapy may cause a loss of adipose tissue and
lean tissue, while extracellular fluid volume may increase,
modifying the drug distribution.>

In protein-caloric malnutrition, some oxidative functions
of the liver are altered, especially those of cytochrome P450
1A2 and 2E1.%% Reduced protein intake and protein defi-
ciency decrease renal blood flow, glomerular filtration, and
renal tubular secretion.’’” As a result, the clearance of some
drugs, such as methotrexate and vincristine, may be reduced,
increasing adverse effects.*®" Additionally, there is a possi-
ble increased risk of cardiovascular toxicity in malnourished
patients who receive anthracycline.®* Underweight patients
also experience a significantly higher rate of chemotherapy-
related toxicities, such as profound myelosuppression and
febrile neutropenia, which may be a result of increased
chemotherapy exposure.>® Appropriate nutrition intervention
may mitigate some drug-metabolism alterations.®'¢?

Changes in body composition and organ function in
obese patients may alter serum protein binding, metabo-
lism, and renal function.®® For example, water soluble
(hydrophilic) drugs have a lower total volume of distribu-
tion and lipophilic drugs have a higher volume of
distribution.

Despite many possible methods (dosing by ideal body
weight, by adjusted body weight and arbitrary dose cap-
ping), it is not easy to find the appropriate dose of chemo-
therapy in obese patients, but it should be considered case
by case, based on the specific patient and drug characteris-
tics (i.e., volume of distribution, lipophilicity, protein
binding, renal elimination).> Finally, higher body surface
area is associated with an increased risk of anthracycline-
related cardiotoxicity.®!

Specific aspects in children with solid tumours. The compre-
hensive review of Joffe et al. evaluates the nutritional status
and outcomes in children with solid tumours.** These patients
undergo multimodal therapy, including dose-intense antineo-
plastic agents, surgery, and radiotherapy. Often this multimo-
dality therapy results in a constellation of serious adverse
effects that further potentiate poor nutrition. The review indi-
cates that up to 62% of paediatric solid tumour patients are
either over-or undernourished at diagnosis. As we said the
nutritional status affect survival and treatment-related toxici-
ties, in both adult and paediatric malignancies.

The traditional methods of nutritional assessment, such
as weight and BMI, are not reliable in case of large masses
and do not accurately predict chemotherapy pharmacokinet-
ics. This is more relevant for patients with solid tumours,
who can develop sarcopenia and sarcopenic obesity, that are
more sensitive indicators of toxicities, post-operative com-
plication rates, hospital length of stay and survival.®>%
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The role of body composition in paediatric solid
tumours is a highly understudied area and is critical to
improve our understanding of the mechanisms by which
nutritional status may impact outcomes in this patient
population.

Cancer outcomes in children with
malnutrition in low- and middle-
income countries (LMICs)

Malnutrition is prevalent in young population in LMICs,
and undernutrition is very common in those diagnosed
with cancer.®” Large studies in Central America demon-
strated the influence of socio-economic disadvantage on
malnutrition and showed how it is linked with poorer sur-
vival, higher morbidity, higher rate of treatment abandon-
ment and a higher risk of relapse.'>%

In a report from Guatemala, children with ALL who
were severely malnourished at diagnosis and remained so
during treatment, had a five-year overall survival (OS) rate
of 56.9%; on the contrary, the OS of children who were
adequately nourished was 79.8%. For those who were
severely undernourished at diagnosis but became ade-
quately nourished within the first six months after diagno-
sis the 5-year-OS was 77.5%. This seems to be the first
report of the efficacy of nutritional intervention in clinical
outcomes for children with cancer.®7

The Nutrition Working Group (NWGQG) of the Inter-
national Society of Paediatric Oncology (SIOP),
Committee on Paediatric Oncology in Developing Coun-
tries (PODC) is focusing its attention on this issue. Priority
areas for improving the nutritional management in LMIC
include: improved nutrition education and assessment
tools for health care professionals in order to develop a
structured and standardized method of nutritional assess-
ment; increased availability of nutrition education
resources for patients; identification of the role of com-
plementary and alternative therapies in symptoms
management.”!

Totadri et al. recently validated an SIOP-PODC algo-
rithm for nutritional approach in children in India and they
demonstrated that the applications of this algorithm result
in significant improvement in nutritional status, measured
by MUAC.*

Special considerations in this LMICs settings are the
importance of infection screenings in children, such as TB,
HIV, and parasitic infections, that could exacerbate malnu-
trition; dose modifications related to low weight to avoid
excess of toxicity; the high prices of commercial nutri-
tional supplements so that they become unaffordable in
many LMICs. This problem leads to the engagement of
nongovernmental organizations that can help the families,
but it has also stimulated interest in ready-to-use local
therapeutic foods (RUTF).

Nutrition, assessment, and quality of
life in cancer survivors

The number of childhood cancer survivors has increased
remarkably in the past few decades, reaching about 80%;
this is a result of advances in treatments and better sup-
portive care. Long-term health outcomes are now compro-
mised due to late treatment-related effects, such as
endocrinopathies, metabolic syndrome, cardiovascular
disease, obesity, and hypertension.*

Overweight and obesity are reported to range from 40%
to 50% after the conclusion of therapy in cancer survivors,
especially those treated for ALL, lymphomas, sarcomas,
and brain tumours. The major reported risk factors are cra-
nial (18 Gy) and abdominal radiotherapy, total body irra-
diation (TBI), high-dose steroids during treatment,”
pancreatic insufficiency, diabetes mellitus, dyslipidaemia,
poor dietary habits, sedentary lifestyle, changes in the gut
microbiota and altered secretions of leptin, adiponectin,
and ghrelin.”>’ A recent case-control study of survivors
treated at the Children’s Hospital of Los Angeles also sug-
gested that obesity might be associated with an increased
risk of second malignant neoplasms.”

Cancer survivors often complain of a poor quality of
life, that has a multifactorial origin and includes poor men-
tal health, limited education, immobility due to a reduction
in muscle strength, infertility, pain, anxiety, depression,
and body dissatisfaction. Cohen et al.”*> hypothesize that
improving nutritional intake and dietary quality of survi-
vors may improve not only metabolic and cardiovascular
health, but also mental health and other domains of quality
of life.

Survivors of childhood cancer have an increased risk of
developing metabolic syndrome and reduced bone mass,
exacerbated by vitamin D deficiency.”*” Additionally,
other nutritional risk factors, such as inadequate eating
habits, smoking, sedentary lifestyle, and alcoholism may
increase the cardio-vascular risk of the patients.®

This said, regular nutritional monitoring, during and
after treatment, is essential to ensure adequate growth and
provide appropriate interventions. Nutritional education
and follow up should start soon after the oncological diag-
nosis and extend through survivorship to prevent or reverse
nutritional deficiencies, preserve lean body mass, mini-
mize nutrition-related side effects, reverse micronutrient
deficiencies and finally improve quality of life.%

Parameters that should be frequently monitored include
blood pressure, fasting blood sugar, lipids and cholesterol
levels, renal function, liver function given the risk of
development of steatohepatitis, bone density, micronutri-
ents, and hormone levels. Additionally, the waist-to-height
ratio, a proxy for central (visceral) adipose tissue, is con-
sidered better than BMI for obesity classification in young
cancer survivors and relates well with the risk of cardio-
vascular disease.”” Viani et al.® proposed a nutritional
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assessment for childhood cancer survivors differentiated
by risk classes, suggesting for example monthly visits for
undernourished patients, and a check-up every three
months for obese patients.

Finally, efforts should be focused on improving physi-
cal activity in children with cancer, since exercise may
improve many of the cited comorbidities and exercise has
been associated with reduction in all-cause mortality in the
general population.” Given the increased risk of chronic
diseases in cancer survivors, many experts and profes-
sional figures should be involved in the care of childhood
cancer survivors, not only paediatric oncologists, but also
nutritionists, endocrinologists, cardiologists, general pae-
diatricians, internal medicine/family medicine physicians.

Conclusions

Balanced nutrition is an essential component for a healthy
life. This is true not only in low-income countries where
we face undernutrition, but also in high-income countries
where we must also fight obesity.

Children with cancer require the best performance sta-
tus during treatment, and this is possible only if they are
well nourished. Hence, we need to focus greater attention
on the nutritional assessment and body composition of
children receiving treatment for cancer, to improve treat-
ment efficacy when the equilibrium is broken, through
comprehensive and timely nutritional support.

These efforts should not stop at the end of cancer treat-
ment, but should continue for many years, as cancer survi-
vors are fragile and susceptible to long-term comorbidities.
Only with regular physical activity and a healthy diet we
can assure our patients a good quality of life and life
expectancy.
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