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Malnutrition is caused either by cancer itself or by its treatment, and affects the clinical outcome, the quality of life (QOL),

and the overall survival (OS) of the patient. However, malnutrition in children with cancer should not be accepted or

tolerated as an inevitable procedure at any stage of the disease. A review of the international literature from 2014 to 2019

was performed. Despite the difficulty of accurately assessing the prevalence of malnutrition, poor nutritional status has

adverse effects from diagnosis to subsequent survival. Nutritional status (NS) at diagnosis relates to undernutrition, while

correlations with clinical outcome are still unclear. Malnutrition adversely affects health-related quality of life (HRQOL) in

children with cancer and collective evidence constantly shows poor nutritional quality in childhood cancer survivors

(CCSs). Nutritional assessment and early intervention in pediatric cancer patients could minimize the side effects of

treatment, improve their survival, and reduce the risk of nutritional morbidity with a positive impact on QOL, in view of the

potentially manageable nature of this risk factor.
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1. Introduction

The importance of nutrition in children with cancer is indisputable . Nutrition influences most cancer control parameters

in pediatric oncology, including prevention, epidemiology, biology, treatment, supportive care, recuperation, and survival

. It is widely recognized that the nutritional status (NS) of children diagnosed with and treated for cancer will be probably

affected during the course of the disease.

NS of pediatric cancer patients has been researched for a lengthy time and nutritional problems have long-been

recognized . Indeed, publications on childhood cancer related undernutrition have appeared since the 1970s

, however its management remains variable , with many undernourished children not timely recognized and

therefore not treated .

The importance of NS in childhood cancer patients concerns its potential impact on disease progression and survival .

The NS at the time of diagnosis can affect outcomes in terms of morbidity and mortality . Additionally, nutrition related

problems can affect the quality of life (QOL) of survivors, as well as predispose them to other chronic diseases . This

fact highlights the need for scientific management and nutritional support for this population.

At the same time, the available data regarding the prevalence of poor nutritional status are derived at different phases of

the disease and are highly variable among diagnostic groups, as well as between developed and developing countries 

. The heterogeneity of diagnoses, the different stages of treatment and the followed treatment protocols

complicate any straightforward comparison among studies. Moreover, the variety of definitions for malnutrition, the

methodology used to assess the NS—in terms of anthropometric measurements—as well as criteria and cut-off points,

make an accurate estimation of the prevalence of cancer related malnutrition very difficult.

2. Discussion

Childhood cancer is an illness related to severe morbidity and mortality. The malignancy itself remains the main cause of

death among childhood cancer patients . Concurrently nutrition is a fundamental part of the pediatric cancer

patients’ care. Adequate and appropriate nutrition is required to maintain optimal growth and development. Furthermore,

adequate nutrition is likely to enhance survival outcome, reduce toxicity and improve QOL .

It has been widely recognized in literature that the NS of children diagnosed with and treated for cancer is likely to be

affected at some point during the disease trajectory. Actually, for many childhood cancer patients, the early progression of

the disease and the commencement of antineoplastic therapies can affect the NS, leading to malnutrition with many

adverse consequences .
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One of the most important findings of this review—that focuses on NS alterations that occur during the management of

childhood cancer—is that the reported prevalence of malnutrition—undernutrition, overweight and obesity—varies

between different types of cancer, different stages of the disease, type of treatment, as well as among studies, highlighting

the complexity and diversity of this population. Children diagnosed with specific cancer types develop nutrition related

problems more often than others. For instance, at diagnosis prevalence of undernutrition is higher in patients with solid

tumors—especially Wilms tumor or neuroblastoma—and much lower in children with ALL and HL . At the same

time patients with brain tumors demonstrate high prevalence of overweight and obesity . During treatment, children

with solid tumors are more frequently nutritionally depleted, followed by brain tumors and hematological malignancies 

. The detected differences in malnutrition among various diagnoses are inconsistent in LMICs, as delays in diagnosis

and limited access to healthcare may lead to higher undernutrition rates, regardless of cancer type . In addition,

undernutrition is more often observed in high-risk diseases across all cancer types .

The majority of data that focus on NS of children with cancer at the time of diagnosis relates to undernutrition, the

prevalence of which ranges from 10.8%  to 76% . These reported differences between studies are due both to the

stage of the disease at diagnosis and the parameters used to assess NS . To date, there is a lack of consensus on the

definition of malnutrition . In addition, the criteria for NS assessment are heterogeneous . Nutritional

assessment is a process that depends on the sensitivity and specificity of the parameters performed . Unfortunately, this

procedure is often postponed in the context of many other procedures that may have a higher priority, some of which may

even affect it . Most studies refer to BMI as, it is widely used in clinical practice. Yet, it is not the most appropriate

method for NS assessment because it does not measure body fat directly. Even though every method for clinical

assessment of NS has restrictions, indicators such as MUAC, TSFT, and BIA provide more information regarding body

composition changes that occur in paediatric cancer patients. Nonetheless, the diversity among different indicators of NS

does not allow any straightforward comparisons among them. The prevalence of nutrition related problems depends not

only on the methods and criteria used to assess the NS , the timing of the assessment  and the composition of the

study population —in terms of types of malignancies—but also on the socio-economic status. In general, undernutrition

rates were much higher in LICs than in HICs .

Clearly, the NS at the time of diagnosis is an important prognostic factor that affects treatment response as well as the

possibility of recovery . However, nutrition related problems in pediatric cancer patients are dynamic and their

development is usually observed during subsequent treatment.

Currently, the most relevant research is retrospective or cross-sectional. The few prospectively designed studies that have

been published principally concern children diagnosed with hematological malignancies while most of them do not refer to

the NS at all stages of treatment . In addition, research has focused on the study of undernutrition during cancer

treatment, while excessive energy intake or poor diet quality is being overlooked . The adverse effects of undernutrition

during treatment have been established . Among others these include reduced tolerance to chemotherapy, changes in

the metabolism of medicinal products, reduced immunity, increased risk of infections and degraded QOL . However, the

quality of data supporting each of these results varies.

Studies that investigate the association between NS at diagnosis and clinical outcome suggest that NS may affect cancer

prognosis in children with cancer. Particularly, observed inferior survival was generally stable among studies . The

presence of undernutrition was associated with a large number of complications and relapses, as well as a reduced level

of recovery . On the other hand, excess weight gain and obesity negatively affected the response to treatment and

led to reduced cure rates . Yet, the correlations between nutrition related problems and clinical outcomes remain

unclear, with some researchers claiming that they are associated to worse outcomes and others claiming that there are no

such associations .

The NS status of children with cancer has not only significant clinical implications, but also can adversely affect the long–

term development and health of survivors, including children’s QOL which as shown by the review remains

underestimated . There is a significant body of research on the NS of childhood and adolescent cancer survivors. Most

studies focus on children with hematological malignancies—mainly in HICs—taking into account their predominant

prevalence . Furthermore, many reports confirm the impact of low or excessive body weight on survival, while collective

evidence consistently shows poor diet quality in CCSs .

The lack of standard protocols and algorithms for assessment and treatment of nutritional problems, as well as limited in

time dietary interventions are important factors that contribute to significant rates of malnutrition according to the literature.

Meanwhile there is a lack of international specific dietary guidelines for children with cancer. Future scientific research

should emphasize on proposing certain criteria that could assist the establishment of dietary instructions, such as cancer

type, NS at diagnosis, treatment protocol, as well as children’s gender and age.

[4][11][14][21]

[22]

[23]

[19]

[21]

[21]

[24] [25]

[8]

[1][26] [1][8][26]

[8]

[27]

[8] [27]

[3]

[3][25][28]

[1]

[19]

[19]

[29]

[29]

[30]

[1][31][32]

[1][4][18][31]

[18][19]

[33]

[29]

[34]



Nutritional assessment should be mandatory from diagnosis and during treatment, in view of the possible manageable

nature of this risk factor . Therefore, early assessment of NS and timely intervention should be a priority in all

interdisciplinary oncology teams, in order to integrate nutritional counseling into the clinical framework of care in an effort

to address at least part of the problem .

3. Conclusions

NS of pediatric cancer patients plays a crucial role during the disease trajectory. The malignancy itself and the progression

of the disease cause NS alterations, leading to malnutrition. In addition, the commencement of antineoplastic therapies

affects energy balance with many negative consequences.

Malnutrition—undernutrition, overweight, and obesity—is linked to adverse outcomes from diagnosis to long-term

survivorship. NS at the time of diagnosis is an important prognostic factor that affects treatment response and the

possibility of recovery. The impact of impaired NS on clinical outcome and cancer prognosis is related to treatment

intolerance due to nutrient deficiency and immune incompetence. Increased risk of infection and alterations in drug

metabolism lead to delays and treatment cessation that result in higher relapse rates and lower survival rates. In addition,

undernutrition during treatment correlates to a greater number of complications, increasing TRM and decreasing EFS. Yet,

correlations between NS alterations and clinical outcomes remain unclear. Nutrition related problems can also adversely

affect the long-term health of survivors, including children’s HRQOL. The effects of NS that extend into survivorship put

survivors at risk for numerous nutrition-related morbidities.

Given the high prevalence of malnutrition during childhood cancer and as NS represents a modifiable risk factor,

nutritional assessment should be mandatory from diagnosis, during treatment and subsequently. There are several

methods for the clinical assessment of NS and each one of them has limitations and constraints. Among those performed

in clinical practice MUAC, TSFT and BIA provide more information concerning body composition changes than BMI does.

Nonetheless, the diversity among different indicators of NS prevents us from extracting safe results regarding the most

suitable one. Ideally, the most appropriate indicator is the one that would not allow a malnourished child to remain

underdiagnosed.

As regards pediatric oncology, advances in treatment and follow-up care are significant. However, there is still a lack of

international specific dietary guidelines for children with cancer. Hopefully, future scientific research should emphasize

establishing cancer- and treatment-specific guidelines for nutrition. Early monitoring and adaptation of pediatric cancer

patients’ NS as well as timely nutritional intervention could improve their treatment response, their clinical outcome, their

survival, but also their QOL.

References

1. Alessandra Sala; Paul Pencharz; Ronald Barr; Children, cancer, and nutrition?A dynamic triangle in review. Cancer 200
4, 100, 677-687, 10.1002/cncr.11833.

2. Paul C. Rogers; Importance of nutrition in pediatric oncology. Indian Journal of Cancer 2015, 52, 176, 10.4103/0019-50
9x.175830.

3. Federico Antillon; Emanuela Rossi; Ana Lucia Molina Rd; Alessandra Sala Md; Paul Pencharz; Maria Grazia Valsecchi;
Ronald Barr; Nutritional status of children during treatment for acute lymphoblastic leukemia in Guatemala. Pediatric Bl
ood & Cancer 2013, 60, 911-915, 10.1002/pbc.24377.

4. Aeltsje Brinksma; Gea Huizinga; Esther Sulkers; Willem Kamps; Petrie Roodbol; Wim Tissing; Malnutrition in childhood
cancer patients: A review on its prevalence and possible causes. Critical Reviews in Oncology/Hematology 2012, 83, 2
49-275, 10.1016/j.critrevonc.2011.12.003.

5. José Carlos Jaime‐Pérez Md; Oscar González-Llano; José Luís Herrera-Garza; Homero Gutiérrez-Aguirre; Eduardo V
ázquez-Garza; David Gómez-Almaguer; Assessment of nutritional status in children with acute lymphoblastic leukemia
in Northern México: A 5-year experience. Pediatric Blood & Cancer 2008, 50, 506-508, 10.1002/pbc.21397.

6. I Odame; J J Reilly; B E Gibson; M D Donaldson; Patterns of obesity in boys and girls after treatment for acute lympho
blastic leukaemia.. Archives of Disease in Childhood 1994, 71, 147-149, 10.1136/adc.71.2.147.

7. John J. Reilly; Obesity during and after Treatment for Childhood Cancer. Pediatric Neuroendocrinology 2009, 15, 40-5
8, 10.1159/000207609.

8. Alessandra Sala; Emanuela Rossi; Federico Antillon; Ana Lucia Molina; Tania De Maselli; Miguel Bonilla; Angelica Hern
andez; Roberta Ortiz; Carlos Pacheco; Rosa Nieves; et al. Nutritional status at diagnosis is related to clinical outcomes

[35]

[36]



in children and adolescents with cancer: A perspective from Central America. European Journal of Cancer 2012, 48, 24
3-252, 10.1016/j.ejca.2011.06.006.

9. Jan Van Eys; Malnutrition in children with cancer.Incidence and consequence. Cancer 1979, 43, 2030-2035, 10.1002/1
097-0142(197905)43:5+<2030::aid-cncr2820430711>3.0.co;2-s.

10. John J Reilly; Ahmad R Dorosty; Pauline M Emmett; Prevalence of overweight and obesity in British children: cohort st
udy. BMJ 1999, 319, 1039-1039, 10.1136/bmj.319.7216.1039.

11. Federico Antillon; Tania De Maselli; Tatiana Garcia; Emanuela Rossi; Alessandra Sala; Nutritional status of children duri
ng treatment for acute lymphoblastic leukemia in the Central American Pediatric Hematology Oncology Association (AH
OPCA): preliminary data from Guatemala. Pediatric Blood & Cancer 2008, 50, 502-505, 10.1002/pbc.21398.

12. Rd Barr; Nutritional status in children with cancer: Before, during and after therapy. Indian Journal of Cancer 2015, 52,
173, 10.4103/0019-509x.175827.

13. Ronald D. Barr; Stephanie Atkinson; Paul Pencharz; Guillermo Ruiz Arguelles; Nutrition and cancer in children. Pediatri
c Blood & Cancer 2008, 50, 437-437, 10.1002/pbc.21418.

14. Alessandra Sala; Emanuela Rossi; Federico Antillon; Nutritional status at diagnosis in children and adolescents with ca
ncer in the Asociacion de Hemato-Oncologia Pediatrica de Centro America (AHOPCA) countries: Preliminary results fro
m Guatemala. Pediatric Blood & Cancer 2008, 50, 499-501, 10.1002/pbc.21399.

15. Alessandra Sala Md; Federico Antillon; Paul Pencharz; Ronald D. Barr; for the AHOPCA Consortium; Nutritional status
in children with cancer: A report from the AHOPCA workshop held in Guatemala City, August 31-September 5, 2004. Pe
diatric Blood & Cancer 2005, 45, 230-236, 10.1002/pbc.20371.

16. Fernand Freycon; Béatrice Trombert-Paviot; Léonie Casagranda; Yves Bertrand; Dominique Plantaz; Perrine Marec-Bé
rard; Trends in treatment-related deaths (TRDs) in childhood cancer and leukemia over time: A follow-up of patients incl
uded in the childhood cancer registry of the Rhône-Alpes region in France (ARCERRA). Pediatric Blood & Cancer 200
8, 50, 1213-1220, 10.1002/pbc.21506.

17. Peter Kaatsch; Epidemiology of childhood cancer. Cancer Treatment Reviews 2010, 36, 277-285, 10.1016/j.ctrv.2010.0
2.003.

18. Paul C.J. Rogers; Nutritional Status As a Prognostic Indicator for Pediatric Malignancies. Journal of Clinical Oncology 2
014, 32, 1293-1294, 10.1200/jco.2014.55.0616.

19. Raquel Revuelta Iniesta; Ilenia Paciarotti; Mark F.H. Brougham; Jane M. McKenzie; David C. Wilson; Effects of pediatri
c cancer and its treatment on nutritional status: a systematic review. Nutrition Reviews 2015, 73, 276-295, 10.1093/nutr
it/nuu062.

20. Jacqueline Bauer; Heribert Jürgens; Michael C. Frühwald; Important Aspects of Nutrition in Children with Cancer. Adva
nces in Nutrition 2011, 2, 67-77, 10.3945/an.110.000141.

21. Allison K. Pribnow; Roberta Ortiz; Luis Fulgencio Báez; Luvy Mendieta; Sandra Luna-Fineman; Effects of malnutrition o
n treatment-related morbidity and survival of children with cancer in Nicaragua. Pediatric Blood & Cancer 2017, 64, e26
590, 10.1002/pbc.26590.

22. Raquel Revuelta Iniesta; Ilenia Paciarotti; Isobel Davidson; Jane M. McKenzie; Mark F.H. Brougham; David C. Wilson;
Nutritional status of children and adolescents with cancer in Scotland: A prospective cohort study. Clinical Nutrition ESP
EN 2019, 32, 96-106, 10.1016/j.clnesp.2019.04.006.

23. Aeltsje Brinksma; Petrie F. Roodbol; Esther Sulkers; Willem A. Kamps; Eveline S. J. M. De Bont; Annemieke M. Boot; J
ohannes G. M. Burgerhof; Rienk Y. J. Tamminga; Wim J. E. Tissing; Changes in nutritional status in childhood cancer p
atients: A prospective cohort study. Clinical Nutrition 2015, 34, 66-73, 10.1016/j.clnu.2014.01.013.

24. Priscila Dos Santos Maia Lemos; Fernanda Luisa Ceragioli Oliveira; Nutritional Status at Diagnosis in Children with Ca
ncer in Brazil. Pediatrics & Therapeutics 2016, 6, 295, 10.4172/2161-0665.1000295.

25. B Arora; P Shah; U Jhaveri; T B Idhate; S Dhingra; P Arolkar; Nutritional status at presentation, comparison of assessm
ent tools, and importance of arm anthropometry in children with cancer in India. Indian Journal of Cancer 2015, 52, 210
-5, 10.4103/0019-509x.175838.

26. Adriana Garófolo; Fábio Ancona Lopez; Antonio Sérgio Petrilli; High prevalence of malnutrition among patients with soli
d non-hematological tumors as found by using skinfold and circumference measurements. Sao Paulo Medical Journal
2005, 123, 277-281, 10.1590/s1516-31802005000600005.

27. Laura Collins; Trishana Nayiager; Nancy Doring; Charlene Kennedy; Colin Webber; Jacqueline Halton; Scott Walker; Al
essandra Sala; Ronald D. Barr; Nutritional Status at Diagnosis in Children With Cancer I. An Assessment by Dietary Re
call—Compared With Body Mass Index and Body Composition Measured by Dual Energy X-ray Absorptiometry. Journa
l of Pediatric Hematology/Oncology 2010, 32, e299-e303, 10.1097/mph.0b013e3181e9e43c.



28. Etan Orgel; Richard Sposto; Jemily Malvar; Nita L. Seibel; Elena Ladas; Paul S. Gaynon; David R. Freyer; Impact on S
urvival and Toxicity by Duration of Weight Extremes During Treatment for Pediatric Acute Lymphoblastic Leukemia: A R
eport From the Children's Oncology Group. Journal of Clinical Oncology 2014, 32, 1331-1337, 10.1200/jco.2013.52.69
62.

29. Ronald D. Barr; David Gomez-Almaguer; Jose Carlos Jaime-Perez; Guillermo J. Ruiz-Argüelles; Importance of Nutritio
n in the Treatment of Leukemia in Children and Adolescents. Archives of Medical Research 2016, 47, 585-592, 10.101
6/j.arcmed.2016.11.013.

30. Ernest K. Amankwah; Ashleigh M. Saenz; Gregory A. Hale; Patrick A. Brown; Association between body mass index at
diagnosis and pediatric leukemia mortality and relapse: a systematic review and meta-analysis. Leukemia & Lymphom
a 2016, 57, 1140-1148, 10.3109/10428194.2015.1076815.

31. David Gómez‐Almaguer; Guillermo J. Ruiz-Argüelles; Sergio Ponce‐De‐Leon; Nutritional status and socio‐economic co
nditions as prognostic factors in the outcome of therapy in childhood acute lymphoblastic leukemia. International Journ
al of Cancer 1998, 78, 52-55, 10.1002/(sici)1097-0215(1998)78:11+<52::aid-ijc15>3.3.co;2-v.

32. Lenat Joffe; Sarah Dwyer; Julia L. Glade Bender; A. Lindsay Frazier; Elena J. Ladas; Nutritional status and clinical outc
omes in pediatric patients with solid tumors : A systematic review of the literature. Seminars in Oncology 2019, 46, 48-5
6, 10.1053/j.seminoncol.2018.11.005.

33. Aeltsje Brinksma; Robbert Sanderman; Petrie F. Roodbol; Esther Sulkers; Johannes G. M. Burgerhof; Eveline S. J. M.
De Bont; Wim J. E. Tissing; Malnutrition is associated with worse health-related quality of life in children with cancer. Su
pportive Care in Cancer 2015, 23, 3043-3052, 10.1007/s00520-015-2674-0.

34. Fang Fang Zhang; Rohit P. Ojha; Kevin R Krull; Todd M Gibson; Lu Lu; Jennifer Lanctot; Wassim Chemaitilly; Leslie L
Robison; Melissa M Hudson; Adult Survivors of Childhood Cancer Have Poor Adherence to Dietary Guidelines. The Jo
urnal of Nutrition 2016, 146, 2497-2505, 10.3945/jn.116.238261.

35. S Triarico; E Rinninella; M Cintoni; M A Capozza; S Mastrangelo; M C Mele; A Ruggiero; Impact of malnutrition on survi
val and infections among pediatric patients with cancer: a retrospective study.. European review for medical and pharm
acological sciences 2019, 23, 1165-1175, .

36. Priscila Dos Santos Maia Lemos; Fernanda Luisa Ceragioli De Oliveira; Eliana Maria Monteiro Caran; Nutritional status
of children and adolescents at diagnosis of hematological and solid malignancies. Revista Brasileira de Hematologia e
Hemoterapia 2014, 36, 420-423, 10.1016/j.bjhh.2014.06.001.

Retrieved from https://encyclopedia.pub/entry/history/show/9607


