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Over the past few decades, great progress has been made in the survival rates of childhood cancer. As survival rates have improved, there has been an increased focus on supportive care. Nutrition is a supportive-care modality that has been associated with improved tolerance to chemotherapy, improved survival, increased quality of life, and decreased risk of infection in children undergoing anticancer therapy. Guidelines and assessment criteria have been proposed for the nutrition management of a child with cancer; however, there is no consistent use of criteria among institutions treating children with cancer. This review will present the current evidence and standards of practice incorporating aspects of nutrition, nursing, pharmacology, and psychosocial challenges to consider in the nutrition management of a child with cancer. Recommendations for clinical practice are presented. 
Over the past few decades, great progress has been made in the survival rates of childhood cancer. As survival rates have improved (Figure 1), there has been an increased focus on supportive care. This incremental improvement has come about predominantly due to the participation in randomized, cooperative group clinical trials, which are now considered the standard of care for the treatment of children with cancer and allow investigators to continually redefine and classify prognostic factors so as to design new therapeutic strategies for each risk group. 
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Figure 1. Survival rates of children with cancer. 

 
Current oncologic therapy is a multidisciplinary approach, using surgery, radiation, and chemotherapy. Timing, intensity, or extent of each of these therapies is dependent on the diagnosis, prognostic factors, and site of disease. Recently, biologic and immunological therapies are being used as targeted therapies, with their attendant side effects. 
An important aspect in the improvement of survival of pediatric cancer patients has been the improved supportive-care initiatives that aid in treating complications of intensified therapy. An aspect of supportive care that has had little recognition is assessment of the nutrition status and the most effective method and timing of nutrition intervention.1 Evidence of malnutrition at diagnosis is highly variable and ranges from 6% to 50% and is dependent on histology and extent (ie, stage) and location of disease.2–5 Malnutrition at diagnosis is more commonly seen in solid tumors such as sarcomas, neuroblastomas, and Wilms' tumors, which are unique to the pediatric population.3 The prevalence of malnutrition is even greater in developing countries.6,7 
The prognostic impact of malnutrition at diagnosis or during therapy on the overall outcome is controversial. There are some reports that undernutrition correlates with overall decreased survival.5,8,9 What is better established is that malnutrition in the form of protein/calorie malnutrition is associated with increased infection rate, decreased tolerance of chemotherapy, and diminished quality of life.3,10,11 Obesity in North American has become a pandemic problem among healthy children and should be considered a disorder of malnutrition. It has been established recently that obesity at diagnosis is a poor prognostic indicator for children with a diagnosis of acute myeloid leukemia and female adolescents with acute lymphoblastic leukemia (ALL).8 It is not yet clear whether this is partly due to increased toxicity or other reasons such as incorrect dosing of chemotherapy. Malnutrition is still prevalent after the disease is in remission and the patient has stopped therapy. Patients who are underweight and overweight present challenges for the long-term sequelae of both the disease and the treatment.12 
Bone marrow transplantation (BMT) is the most intensive form of therapy that is offered for treatment of relapsed leukemias, neuroblastomas, and some benign hematology disorders. BMT is associated with significant complications requiring nutrition support either enterally or parenterally. A unique complication of BMT is graft-vs-host disease (GVHD), whereby donor lymphocytes can severely damage gastrointestinal mucosa, resulting in impaired absorption. There are both acute and chronic manifestations of gastrointestinal GVHD. In BMT, nutrients such as glutamine have shown beneficial effects.13,14 
Numerous guidelines and assessment criteria have been proposed for supportive care of pediatric patients receiving treatment for cancer.15,16 Unfortunately, there is a dearth of well-conducted pediatric trials evaluating the different modalities of nutrition support, altered nutrition requirements, and the overall impact on outcome and quality of life in children undergoing anticancer therapy. A recent review of nutrition practice within the Children's Oncology Group (COG) found that there is no consistent practice of assessment or intervention.1 This review presents the current evidence that exists on the nutrition management of a child with cancer and incorporates aspects of nutrition, nursing, and pharmacology and the psychosocial challenges to consider in providing effective intervention to the child with cancer. 
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Conclusion


 
Theories of Cachexia
Cachexia has long been a hallmark of cancer therapy in both children and adults. It is the most common paraneoplastic syndrome, marked by early satiety, weight loss, and asthenia.17 Most of the research investigating the process of cachexia has been accomplished in animal models, with few studies replicated in human trials. Despite the wide prevalence of cachexia within the framework of pediatric oncology, few trials have been conducted in children with cancer. Based upon the literature available, there is an emerging agreement that cachexia is a complicated physiologic process that varies by site of the tumor. Recent investigations have identified both humoral and tumor-secreting factors primary as inducers of the cachexia process.18–20 
Humoral factors are primarily cytokines that affect anorexigenic neuropeptides, stimulate metabolic alterations in the human body, or act through an unknown mechanism. The most thoroughly researched cytokines in regard to cachexia are tumor necrosis factor (TNF), interleukin-6 (IL-6), interferon-[image: image83.png]


 (IFN-[image: image84.png]


), leukemia inhibiting factor (LIF), and ciliary neurotrophic factor (CNTF). The interaction of these factors appears to exert a synergistic effect in the tumor-bearing host.18 Individually, TNF has been shown to induce cachexia in animal models, and it has been observed in the plasma of children with leukemia; however, this is likely to be unrelated to the development of cachexia.19,21 IFN-[image: image85.png]


 antibodies inhibit cachexia in animal models; however, its effect in humans is unclear.19 Mixed results have been observed for IL-6.19 
Laboratory investigations suggest that the development of cachexia may be a result of cytokines exerting stimulatory or inhibitory effects similar to that of certain neuropeptides. Leptin is secreted by adipose tissue and stimulates anorexigenic compounds while simultaneously inhibiting the release of neuropeptide Y (appetite stimulant). It is unknown whether cytokines mimic the effects of neuropeptide Y and leptin or stimulate these neuropeptides directly. Alterations in serum levels of leptin have been observed in children with cancer.18 Future studies are needed to elucidate the precise mechanism of action. 
Tumor-secreting compounds may also contribute to the complex physiologic process of cachexia. Some of the earliest theories proposed that tumor-secreting compounds induce metabolic abnormalities in the human body, thereby resulting in increased metabolic activity and decreased appetite.22 Others suggested tumor-releasing compounds act directly on the liver, thereby stimulating inefficient production of substrates used for energy in the body.20 Subsequent investigators have most thoroughly investigated the effects of cancer on resting-energy expenditure (REE) and carbohydrate, fat, and protein metabolism. 
REE
Investigators have hypothesized that cachexia may be a result of altered energy expenditure. One clinical study in children with sarcomas suggests that alterations in REE may precipitate the onset of cachexia.23 Mixed results have been observed in human clinical trials. Most of the trials completed in children have had small sample sizes precluding definitive effects of cancer therapy on energy metabolism. In one of the earliest studies, Kein and Camitta24 found that basal metabolic rate significantly correlated with increased protein synthesis. Stallings et al25 reported increased REE in newly diagnosed children with ALL; however REE normalized with the initiation of chemotherapy. In the only prospective trial, 15 children with ALL underwent measurement of REE at diagnosis and throughout standard intervals of therapy. The authors did not find significant differences in REE in cases compared with controls at any point during therapy.26 In children undergoing stem cell transplantation, REE was reduced immediately after BMT but increased to normal values 1 month after BMT.27 
Carbohydrate Metabolism
It has been well documented that tumor cells require glucose for optimal functioning.20 Most of the investigations observing the effect of tumor cells on carbohydrate metabolism have been completed in animal models. These findings have suggested that glucose intolerance is multifactorial and most frequently entails glucose intolerance that may necessitate the use of insulin, increased gluconeogenesis, and increased use of the Cori cycle, resulting in elevated levels of lactate in the body.20,28 Conversely, some tumor cells may be efficient in producing lactate, thereby also contributing to increased body pools of lactate.20 These metabolic abnormalities are exacerbated in the presence of clinical cachexia. The aberrations in carbohydrate metabolism may be due to released cytokines such as IL-6, which have been shown to stimulate gluconeogenesis and lactic acid formation.18 
Fat Metabolism
Body-fat depletion, increased lipolysis, and decreased lipogenesis have been the hallmark of aberrations in fatty-acid metabolism in patients with cancer.29 This generally correlates with increased plasma triglycerides and loss of body fat in the tumor-bearing host. Investigators have observed increased lipoprotein lipase activity, hormone-sensitive lipase, and liver lipogenesis.29 This is frequently affected by altered cholesterol profiles, resulting in decreased serum concentrations of high-density lipoproteins (HDL) and increased levels of very-low-density lipoproteins (VLDL). As with carbohydrate metabolism, these anomalies may be precipitated by production of certain cytokines, specifically, TNF, IL-1, IL-6, and IFN-[image: image86.png]


.18 
Protein Metabolism
Aberrations in protein metabolism have been the most thoroughly researched of the macronutrients; findings from these investigations have led to the development of effective anticancer agents in specific tumor models. This is supported by the finding that T-cell ALL is sensitive to L-asparaginase, an anticancer agent that reduces availability of asparagine in tumor cells. The complete picture of protein metabolism is likely to be affected by tumor burden and diagnosis of the patient. Protein depletion increases with progressive disease and has been observed in children with ALL.30 The primary source of proteins in the human body is skeletal muscle; thus, decreased muscle mass accompanies increases in protein turnover. Humoral factors are likely to contribute to this scenario. TNF has been shown to stimulate proteolysis.18 Investigators have found that protein depletion may be a result of both muscle breakdown and decreased rates of synthesis; however, which of these abnormalities is more abundant is unknown. 
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Conclusion


 
Criteria for Nutrition Intervention
There is a wide range of practices regarding the timing, duration, and method of nutrition intervention in children with cancer.1 Most guidelines recommend that children with cancer be screened for nutrition risk at diagnosis and during therapy.16 Children at risk for protein energy malnutrition (PEM) are described in Table 1.31 Consideration of the diagnosis, prognosis, and anticipated treatments may assist in determining the risk of PEM.4,16,32 
View this table:
[in this window]
[in a new window]

  

Table 1 Childhood cancers associated with a high nutrition risk 

 

Nutrition Assessment
Nutrition assessment of a child diagnosed with cancer should include an evaluation of his or her medical and surgical history, anticipated treatments, anthropometric measurements, biochemical parameters, clinical observations, dietary history, and an estimation of nutrient requirements.33 Nutrition therapies include parenteral nutrition (PN), enteral (volitional or tube feedings [TFs]) or special diets. The use of TF has been studied in other populations and is preferred over PN due to its proven efficacy while decreasing the risk for infections and costs34; however, TF is not routinely used in children with cancer.35 
Anthropometric Data. The most sensitive indices of growth in infants and children include weight, length or height for age, head circumference (if <3 years of age), and body mass index (BMI).33,36,37 Skinfold measurements may also be used to assess muscle and fat stores.33,36 The percent weight loss from usual body weight and percent of ideal body weight for length (or height) can indicate nutrition status and will provide the clinician with the degree of weight loss or gain on initiation of cancer therapy.33 The appropriate National Center for Health Statistics growth chart for age and sex should be completed at diagnosis and throughout therapy.38 This will enable the clinician to collect longitudinal data on the growth pattern of each child so as to monitor growth trends over the course of therapy and into survivorship.33 Longitudinal data will also allow the clinician to monitor growth and body composition trends during subsequent nutrition screenings and assist in determining the effectiveness of nutrition intervention. 
Biochemical Parameters. Biochemical parameters should also be used in determining the nutrition status of children with cancer. Serum prealbumin and albumin levels are obtained to determine visceral protein status, although hydration status and liver function will affect these values.33 Prealbumin may also be affected by renal disease and vary according to age.16 Because the turnover rate is 2–3 days for prealbumin vs 21 days for albumin, prealbumin may more efficiently identify the effectiveness of the nutrition therapy.33 Other laboratory measures may be used to monitor organ function.16 Complete blood counts may be affected by the cancer or oncologic therapies and are not the most sensitive indicators of nutrition status.39 
During nutrition repletion, patients with chronic malnutrition are at risk for refeeding syndrome due to decreased caloric intake and possible increased nutrient loss.16 Therefore, fluid balance and serum levels of calcium, magnesium, phosphorus, sodium, and potassium should be monitored as calories are gradually increased.40,41 Judicious management of nutrition repletion is important in patients with chronic malnutrition. Chronically malnourished patients often do not tolerate enteral supplementation; therefore, these patients may require repletion by the IV route. 
Clinical Observations & Diet History. Children should be monitored for clinical signs and symptoms of depleted muscle and fat stores, edema, or mouth sores. A comprehensive diet history is helpful when evaluating nutrition status and should include information described in Table 2. An estimation of nutrient needs based on those for healthy children has been systematically developed and reviewed elsewhere.42 
View this table:
[in this window]
[in a new window]

  

Table 2 Components of a dietary history 

 

Nutrition Intervention
The primary goal for nutrition therapy for the pediatric oncology population is to sustain and promote normal growth and development while the patient is receiving the necessary anticancer therapy. If PEM is identified, nutrition intervention must be addressed to reverse malnutrition. Secondary goals should be described to prevent future PEM. The most appropriate intervention must be able to meet the nutrition needs while providing the least risk for the child.4 In addition, nutrition counseling for the child and family is an important component in managing these children. The registered dietitian (RD) provides support and education to families of children with cancer. In addition, ongoing education should be presented to medical staff involved in the care of children with cancer.16 
Nutrition Counseling and Oral Feeding. The initial step in providing nutrition therapy begins with counseling the child and caregivers on the impact of cancer and its therapy on nutrition status. Favorite nutrient-dense foods and beverages should be encouraged when the patient is able to eat with minimal difficulty.4 If accepted by the patient, nutritionally complete or modular supplements can also offer another source of nutrients.4,43,44 A complete listing and classification of products for children has been published previously.16 
Most children do not readily accept nutrition supplementation; nonetheless, supplements may be offered before initiating TF. If nutrient intakes are inadequate, a multivitamin/mineral supplement may be recommended. Special diets, such as the neutropenic diet or low-microbial diet, have been suggested to be effective diets for immunosuppressed patients so as to minimize the introduction of pathogenic organisms into the gastrointestinal tract.45 However, recent trials have found that this diet does not prevent the incidence of infection in children who are neutropenic.46 
Enteral Tube Feeding. When oral intake remains inadequate to support growth or nutrition repletion in a child with cancer, enteral TF should be considered before the initiation of PN. Patients eligible for TF must have an intact gastrointestinal tract. Studies in pediatric oncology patients have demonstrated that TF is successful in maintaining adequate nutrition status and in reversing malnutrition.47–51 Unfortunately, the use of TF is inconsistent in the pediatric oncology population.1 Some of the side effects from treatment such as mucositis discourage the use of enteral feedings. In addition, children may have neutropenia or thrombocytopenia that can increase their risk for bleeding when the tube is inserted; however, clinical trials have not supported these theoretical risks.52 
More recently, investigations have found TF is effective as the primary source of nutrition support even in patients undergoing aggressive anticancer regimens, such as conditioning regimens before bone marrow transplant, acute myeloid leukemia, and neuroblastoma. DeSwarte-Wallace et al50 evaluated the use of TF in the pediatric oncology population during and after intensive oncologic treatment. This study demonstrated that most children tolerate TF without significant vomiting or diarrhea. The investigators concluded that TF was a safe and cost-effective intervention in pediatric patients receiving dose-intensive chemotherapy. Pietsch et al53 evaluated the use of TF in children who were receiving intensive chemotherapy (n = 14) or BMT (n = 3). The tubes were well tolerated, with minimal complications, which included emesis and tube dislodgment. The authors also noted that there were substantial cost savings by using TF compared with PN. TF was provided to 7 children who were newly diagnosed with cancer.49 Body weight increased significantly in the intervention group compared with the control group. All children in the intervention group reached their ideal weight compared with only 21% in the control group. The authors concluded that the use of TF in pediatric patients receiving dose-intense anticancer therapy could provide caloric needs and result in improved nutrition status. Similar results have been observed in studies investigating the safety and efficacy of enterostomy tubes in pediatric oncology.47,50,51,54 
Advantages for using TF for nutrition support include lower costs, decreased risk for infections and liver abnormalities, and maintenance of the gastrointestinal mucosa.47,51,52 TF also offers a route to provide medications and may reduce anxiety related to achieving caloric goals via the oral route.4,39 Enterostomy tubes can be concealed and do not become dislodged with episodes of vomiting. Complications for enterostomy tubes can include irritation, cellulitis, or infection at tube site; therefore, cleaning the tube site is essential during periods of neutropenia. Topical or oral antibiotics may be administered to relieve skin irritations and excoriation at the ostomy site.47 
Criteria for placement of a percutaneous endoscopic gastrostomy (PEG) include dysphagia, risk of aspiration, intractable vomiting, esophageal strictures (if endoscopic insertion is still possible), cancer of the head and neck, anticipated long-term need for nutrition support, and adequate gastrointestinal function.16 An endoscopically placed feeding tube, such as a PEG or gastrostomy-jejunostomy tube, may be an option for a nonsurgical candidate. After the original placement, a low-profile device that is flush with the abdomen may replace the gastrostomy tube.16,34 
The choice to use nasoenteric or enterostomy tubes should be considered before therapy and before nutrition status has deteriorated. Before initiation of TF, the goal volume, feeding schedule, and formula should be determined. Guidelines for determining if TF is the most appropriate modality have been previously published.16 Criteria for selecting a formula include patient age, gastrointestinal function, and resources. To determine the most appropriate nutrition formulas, nutrient densities of enteral formulas should be compared with the estimated needs of the child for energy, fluid, protein, vitamins, and minerals. Age-appropriate, standard, nutritionally complete formulas may be used for patients with normal gastrointestinal function.4 Unflavored formulas, which have a lower osmolality than flavored products, are better tolerated and should be used for TF. Children provided with flavored enteral products used for TF often complain of belching, which may lead to nausea. Children may have difficulty tolerating calorically dense formulas and may benefit from predigested or elemental formulas. Because many children with cancer may develop lactose intolerance due to their chemotherapy, a lactose-free product may be required. This is particularly important for babies receiving infant formula because most formulas contain lactose. 
The volume and feeding schedule should be determined according to the oral intake, sleep patterns, and lifestyle of the child. TF may be provided as a continuous infusion, an intermittent bolus, or a combination of both delivery methods.34 Continuous feeding schedules are better tolerated than intermittent-bolus feedings in children with gastrointestinal problems (eg, nausea or vomiting). However, intermittent-bolus feeding schedules are more physiologic and mimic normal feeding. Nocturnal continuous feedings with daytime oral or bolus feedings work well to meet nutrition goals while promoting oral-motor developmental skills and a more normal lifestyle pattern. An enteral feeding pump provides a reliable, constant infusion rate and decreases the risk of gastric retention. Therefore, the risk of nausea, vomiting, abdominal cramping, and diarrhea may be decreased with continuous feedings. If frequent vomiting still occurs, postpyloric feedings may help improve tolerance.16,34 
It may be necessary to modify the formula or method of feeding when gastrointestinal problems occur. Continuous TF may be initiated with a full-strength formula at 1–2 mL/kg/hr. TF may be advanced by 1–2 mL/kg/hr per day as tolerated until the goal rate is achieved. Elevating the head of the bed to >30° during and after feedings or use of prokinetic medications, such as metoclopramide, may assist with reducing high gastric residuals caused by delayed gastric emptying time.16 Antiemetics and motility agents such as metoclopramide may assist with feeding tolerances.55 It may be necessary to modify the nutrition regimen when gastrointestinal problems occur by changing the formula or method of feeding. 
Additional free-water flushes may be required if fluid needs are not met by oral diet or TF. Feeding tubes should always be flushed with water before and after medications or formula boluses to prevent tube obstruction. A method used to unclog the tube is to mix crushed Viokase enzyme (AxcanPharm US Inc, Birmingham, AL) and sodium bicarbonate (324 mg) tablets with 5 mL of water. Five milliliters of the mixture may be inserted into the tube. After 5 minutes, the tube may be flushed with 30 mL of water.16 
Patients may need additional supplementation with potassium, phosphorus, calcium, or magnesium supplements, depending on their chemotherapy regimen. If these supplements are needed, they should be divided throughout the day and mixed with the feedings to minimize the possibility of gastrointestinal complications. Calcium and phosphorus supplements should be given separately to prevent precipitation. These supplements tend to have a high osmolality and may irritate the gastrointestinal tract. 
Side Effects of Oncologic Therapies. Potential side effects from oncologic therapies may include the following: mucositis, xerostomia, infections, early satiety, esophagitis, dysgeusia, anosmia, nausea, vomiting, diarrhea, malabsorption, blood loss, constipation, anorexia, constipation, organ toxicity, or learned food aversions.4 Some chemotherapy is nephrotoxic and may cause increased losses of certain nutrients. For example, cisplatin causes potassium, magnesium, calcium, and phosphorus wasting.56 A child undergoing therapy is at risk for depleted nutrient stores due to decreased intake or increased loss via kidney excretion, vomiting, or diarrhea. Knowledge and understanding of the anticipated treatment course according to the diagnosis and its potential effects on nutrition status are essential in planning effective nutrition intervention protocols. 
Parenteral Nutrition. PN is the IV administration of nutrients, including protein, carbohydrates, lipids, electrolytes, vitamins, and minerals.57 Published guidelines propose that PN should be used when the gastrointestinal tract is not functioning or cannot be accessed in patients who are unable to be adequately nourished by oral nutrition or enteral nutrition.57 Children who are undergoing BMT, who have GVHD, or who may have inadequate intestinal nutrient absorption postchemotherapy may require PN.47,51,52,57,58 
PN has been widely used in pediatric oncology patients due to the side effects associated with many treatment regimens. In patients receiving BMT, the high-dose chemotherapy regimens and total body irradiation can damage the gastrointestinal tract and cause mucositis and enteritis, resulting in difficulty in taking an oral or enteral diet.28 Other frequent cases in which PN is indicated are nonsurgical treatment of patients with typhlitis, patients with chylous ascites after surgical treatment for Wilms' tumor, and neuroblastoma.59–61 PN should not be initiated if it is expected to be needed <1 week.62 
PN can be administered by peripheral venous access or central venous access. To meet nutrient needs in the pediatric population with PN, central access is often required. Peripheral parenteral nutrition (PPN) is rarely indicated in pediatrics because dextrose concentrations are limited to <12.5% to keep the osmolarity of the PN formulation below 1000 mOsm/L. It is difficult to administer the required nutrients for infants and children with PPN, but this therapy may be used temporarily if central access is delayed.57 Many pediatric cancer patients have central access for chemotherapy treatments. Multiple lumen access for patients requiring PN may allow for the administration of medications, blood products, and PN with minimal interruptions due to compatibility and timing issues. 
The PN prescription should be created after a comprehensive nutrition assessment. Protein, calorie, fluid, electrolyte, vitamin, and trace-element components of the PN prescription should be based on standard nutrient requirements and adjusted when warranted by the specific clinical situation. Parenteral iron should not be routinely supplemented in patients with cancer who receive frequent blood transfusions. The PN prescription should contain a lipid dose sufficient to prevent essential fatty acid deficiency. Neonates are at risk of becoming lipid deficient within 2 days of lipid-free PN, and children will become lipid deficient within 20 days. A parenteral multivitamin/mineral preparation and multiple trace element preparation should be administered daily. Individual trace elements should be prescribed if the commercially available trace-element combination products increase risk for trace-element toxicity or deficiency.63 
PN can be administered in the hospital, rehabilitation, long-term care settings, outpatient, or home setting. Caring for the child receiving PN requires an interdisciplinary approach. The establishment of an interdisciplinary nutrition support team has proven to be beneficial to hospitalized patients.57 
Interruptions in the delivery of PN can occur due to routine clinical care, fluid restrictions, administration of non-PN IV fluids, and medical and surgical care. A customized PN system was associated with an improved delivery of lipids and micronutrients in hospitalized pediatric patients.64 Nutrient needs may not always be met by standard PN solutions, and a customized ordering system may be beneficial for pediatric patients. It is important to review bedside flow sheets and data to assess if the PN prescription is being met. An interdisciplinary nutrition support team can be beneficial in ensuring patients receive the appropriate PN prescription.64 
Home PN should only be used for patients with caregivers who are willing and able to provide care, appropriate resources, and a safe environment.57 A case manager or discharge planner can obtain reimbursement for home PN, determine availability of a competent home infusion provider, and assist in a transitional feeding plan.65 Home TF may be less stressful on a family than PN.66 Patients on home PN must have routine monitoring to prevent any complications and assess the progress toward the nutrition goals.57 
When the gastrointestinal tract can be used again, a transitional feeding plan is required to wean off from the PN and initiate oral or TF. TF of as little as 1–5 mL/h may be beneficial to help prevent bacterial translocation and maintain gastrointestinal flora.57 
There are 4 broad categories of complications for PN, including, mechanical, infectious, metabolic, and nutritional.57 Mechanical complications can be due to problems with access or equipment. Catheters may become obstructed because of precipitation of the PN solution or thrombosis. Pump malfunctions or tube breakage may also complicate administration of PN. 
The most common complication of PN is catheter-related infection. The most common causes of catheter-related bloodstream infections are coagulase-negative staphylococci, Staphylococcus aureus, aerobic gram-negative bacilli, and Candida albicans.67 Christensen et al68 found the risk of infectious complications is increased 2.4-fold in children receiving PN with central lines. PN was significantly associated (p = .03) with the development of candidal meningitis in pediatric patients with leukemia.69 
Refeeding syndrome, a metabolic complication of PN, has been well documented over the years and is a serious and even life-threatening complication that can occur with aggressive nutrition rehabilitation. Refeeding syndrome is the metabolic and physiologic consequences of a rapid feeding in the presence of malnutrition and can result in disturbances in potassium, magnesium, phosphate, or glucose levels; fluid tolerance; and cardiac, pulmonary, hematologic, or neuromuscular dysfunction. Pediatric patients with cancer are at increased risk of developing refeeding syndrome.70 Patients at risk for refeeding syndrome should be identified, and a slow progression of PN should occur with close monitoring. 
PN may induce cholestasis.71 Several factors contribute to PN-induced cholestasis, including the concentration of the PN solution, the absence of oral food intake, the length of time on PN, and the age of the patient. PN-induced cholestasis tends to be more severe in infants.71 During long-term use of PN (>1 month of PN), 30–60% of children develop PN-associated hepatic dysfunction.72 PN-induced cholestasis can progress to biliary cirrhosis and liver failure.73 PN should be cycled when possible if long-term use is expected.57 
PN may cause early satiety and decreased oral intake.28 Aluminum contamination is found in many products used to formulate PN solutions. In July 2004, the US Food and Drug Administration (FDA) set a mandate that all manufacturers of products used in compounding PN should measure and disclose the amount of aluminum. The FDA recommends that patients receive no more than 5 µg/kg/day of aluminum to prevent bone and central nervous system toxicity. Currently, this is difficult to achieve, but the recommendation for health care providers is to choose PN components with the lowest amount of aluminum whenever possible.63 
There are limited studies regarding the use of PN in the pediatric oncology population, and most studies are with patients undergoing BMT. Many of the studies that have taken place occurred in the first 2 decades of the invention of PN; thus, studies in children undergoing current anticancer regimens are needed. Positive benefits of PN that have been noted include fewer treatment delays, improvement in treatment tolerance, decreased delays in therapy, and provision of a reliable source of nutrients.5,59–61,74,75 
In pediatric patients with neuroblastoma, PN therapy reversed malnutrition.76 A prospective, randomized, clinical trial to review the efficacy of PN in children with solid tumors receiving abdominal radiation with or without adjuvant chemotherapy found that PN patients had maintained or improved nutrition status during therapy compared with controls who did not receive PN. On cessation of therapy and discontinuation of the PN, the weight declined; there was no significant difference among cases compared with controls.77 
In pediatric patients undergoing BMT, PN has demonstrated benefits. In a study of 22 BMT patients receiving prophylactic PN compared with age- and diagnosis-matched controls, the cases demonstrated decreased time to engraftment, although no improvement in overall clinical outcome was observed.78 In a prospective study, patients were randomized to receive either PN or 5% dextrose solution with additives for 1 week before transplantation and 4 weeks after transplantation. The study found no significant difference in engraftment, but overall survival, time to relapse, and disease-free survival were significantly better for the patients who received PN.79 
The concern that provision of nutrition can stimulate tumor growth and promote metastasis has not been supported in clinical studies.80 Another concern has been that PN may increase risk of infection and decrease the immunosuppressive effects of cancer therapy. However, a randomized trial of >500 children and adults undergoing bone marrow transplant did not support these theoretical concerns.81 
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Conclusion


 
Pediatric oncology nurses have direct responsibility for physical and developmental assessment, treatment, education, and anticipatory guidance.82 Pediatric oncology nurses are specifically trained to recognize and manage the complications of childhood cancer and its treatment, including malnutrition and associated symptoms of nausea, vomiting, mucositis, pancytopenia, immunodeficiency, infection, pain, and psychosocial issues. Advanced-practice nurses often have additional responsibility for the comprehensive medical management of children with cancer, coordinating care across inpatient, outpatient, and home settings while providing preventive services, therapeutic procedures for patients, and education for professional staff.83,84 
Nursing intervention in the team approach to the nutrition management of children with cancer begins with an assessment for overt malnutrition in the context of the disease process and therapy.85 On admission to the inpatient unit, the nurse gathers data on the child's eating habits, food allergies, recent weight change, and current height and weight. The RD completes the nutrition evaluation and risk assessment. The nurse provides input about the treatment plan and likely side effects. Together, the nurse and RD review the possible need for nutrition support using standard algorithms.86 
If the nutrition status of the patient is adequate, the nurse should provide anticipatory guidance about possible treatment side effects, which could compromise nutrition (ie, nausea, altered taste, mucositis) and help educate and reinforce the RD's recommendations to the family about choosing foods that are palatable and rich in nutrients. Nutrition supplements, recommended by the RD, can be offered to offset marginal nutrition deficiency. The nurse should assure that mealtimes are not interrupted by oral medications, emetic chemotherapy, unpleasant odors, or medical procedures. The child should be in a sitting position for eating, and adequate time should be provided for proper chewing of food. In working with individual patients, the nurse should be aware of cultural norms and take into account the developmental and psychological status of the child. One nursing research study found that hospitalized school-age cancer patients consumed more calories when eating in the company of caregivers rather than when alone.87 
If highly or moderately emetic chemotherapy is planned, standard antiemetic prophylaxis should be provided, which may include a serotonin 5-HT3 receptor antagonist such as ondansetron and a corticosteroid such as dexamethasone. Additional antiemetics or adjuncts may be indicated for anticipatory, delayed, or refractory nausea and vomiting. Nursing guidelines are available for prevention or reduction of oral mucositis, treatment of active mucositis, and dietary recommendations appropriate for the child with mucositis.88 In the outpatient setting, nurses routinely participate in ongoing assessment of nutrition status, noting weight changes and deviations from norms on standard growth charts. If deviations are observed, the nurse should advise the RD. Nurses should also emphasize the benefits of physical activity as tolerated. 
If the child is depleted nutritionally, the advanced-practice nurse or physician assesses potential medical reasons for malnutrition, such as gastrointestinal obstruction by a tumor or cachexia from advanced cancer. After a complete assessment, the RD should be consulted. The nurse coordinates and educates the child and caregivers, explaining the importance and reasons for the selected interventions. Child life therapists can be consulted to work with the child over issues of acceptance, understanding, and cooperation. Child-life professionals provide therapeutic play and procedural preparation interventions to help children cope with illness. If TF is recommended, the nurse will observe for complications such as nausea, vomiting, bloating, or diarrhea and work with the RD to adjust formula composition and administration rates as needed. Nursing-care measures can reduce the risk of local irritation by nasogastric or gastrostomy tubes. Nurses are also in a position to explain the relative advantages of TF in situations of family or patient reluctance to accept a nasogastric or gastrostomy tube and the timing of such feedings in relation to the overall care plan. When PN is indicated, the nurse has primary responsibility for management of the central venous access device, including family education. Attention to central line care is of major importance, given the known risk of bacterial and fungal sepsis associated with prolonged use of indwelling central lines for PN. Nurses also participate in monitoring serum electrolyte and triglyceride levels in these patients, in both inpatient and outpatient settings and during the transition phase to normal feeding when PN is no longer required. 
The nurse plays a vital role in parent/patient education about implementation of the feeding, whether the enteral or parenteral route is indicated. The nurse will educate the family on administering feedings, managing the pumps, and identifying and avoiding complications. As such, the nurse is an integral member of promoting the adequate nutrition health of a child with cancer. 
[image: image105.png]



   Pharmacology and Nutrition 

Top


 HYPERLINK "http://ncp.sagepub.com/cgi/content/full/20/4/377" \l "SEC1" 
[image: image107.png]


Metabolic Effects of Cancer


 HYPERLINK "http://ncp.sagepub.com/cgi/content/full/20/4/377" \l "SEC2" 
[image: image108.png]


Strategies for Nutrition...


 HYPERLINK "http://ncp.sagepub.com/cgi/content/full/20/4/377" \l "SEC3" 
[image: image109.png]


Nursing Interventions in the...


 INCLUDEPICTURE  \d "http://ncp.sagepub.com/icons/toc/dot.gif" \* MERGEFORMATINET 
[image: image110.png]



Pharmacology and Nutrition

Psychosocial Aspects of...


 HYPERLINK "http://ncp.sagepub.com/cgi/content/full/20/4/377" \l "SEC6" 
[image: image112.png]


Nutrition and Survivorship


 HYPERLINK "http://ncp.sagepub.com/cgi/content/full/20/4/377" \l "SEC7" 
[image: image113.png]


Conclusion


 
Drug Disposition in Pediatric Patients
Nutrition and drug pharmacology may interact in numerous ways. Children have multiple physiologic differences from adults that affect drug therapy. Altered nutrition states such as obesity, weight loss or starvation, and the variability of drug dosing across the span of childhood creates challenges in properly dosing drugs in pediatric patients. There is a paucity of research data investigating pharmacology in the pediatric oncology population. The above variability makes design and interpretation of pediatric therapeutic studies more challenging, particularly in pediatric patients who are obese or underweight. 
The main differences in drug disposition and dosing between pediatric and adult patients are described in Table 3. Differences in drug disposition in children are the largest in infants, including neonates and especially premature infants.89 Altered gastrointestinal function (eg, pH, motility, bile production, or enzyme activity) can either increase or decrease oral drug absorption. A thinner, more hydrated stratum corneum and increased surface area per body mass can increase absorption of topical medications. Reduced serum protein binding and increased body water increase the distribution of many drugs, reducing serum concentrations obtained for a given dose per kg. At birth, decreased metabolic and renal clearances reduce drug-dosage requirements; however, rapid development of metabolic and renal function, in addition to the rapid growth of the infant, requires frequent dose increases. Concentrations of drug in the serum could result in more or less drug effect, depending on the stage of development of tissues and organs. With maturation, function of the liver and kidneys peaks by the end of the first year of life. With increased metabolic and renal function combined with a larger volume of distribution for many drugs, it is common for children 1–10 years old to have higher dose-per-kg requirements than adults. Highly lipid-soluble drugs can be an exception because they may have a smaller volume of distribution with higher serum concentrations per specific dose administered. In contrast, factors other than distribution may still cause lipid-soluble drugs to have higher dosage requirements in children. Each of these facets may alter the effect of chemotherapy and potentially alter the effect of chemotherapy on nutrition status. 
View this table:
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Table 3 Major characteristics of drug disposition in children as compared with adults* 

 

As children go through puberty and grow into young adults, drug clearance through some metabolic pathways and via renal tubular secretion tends to slow down relative to patient size.90 With the increased sex hormone levels of adolescence, both P450 and conjugation metabolic pathways may vary in activity between men and women. Adolescent men have increased lean body mass and body water, whereas women have increased body fat.90 The altered body composition between men and women may affect drug distribution. Glomerular filtration rate adjusted to body surface area (BSA) remains stable throughout maturation, but there is some evidence for reduced renal tubular secretion of drugs after puberty. BSA-to-mass ratio changes throughout childhood, with BSA increasing 3-fold while weight increases 5.5-fold between 2 and 18 years of age. This factor may affect chemotherapy in particular because BSA is used to dose most chemotherapy drugs. Additional factors that may be of concern, especially in adolescents, include drug interactions, poor diet, transient malnutrition with growth spurts, and poor adherence to drug regimens. 
Drug Disposition in Underweight Patients
Most studies of drug disposition in underweight patients have been in children from countries in which starvation is prevalent. In animal studies, diet can be manipulated to study protein- or energy-deficient animals. Most animal and human studies have examined severe malnutrition. It is not clear how results from these studies apply to mildly to moderately malnourished patients, which is most commonly observed in the pediatric oncology population. 
Typical alterations of drug disposition in severely underweight patients are summarized in Table 4. Research studies suggest that absorption is generally delayed and the extent of absorption may be decreased.91,92 It is probable that some drugs that are extensively metabolized in the gastrointestinal tract and liver before absorption have increased absorption secondary to reduced metabolism. Decreased free serum protein concentrations can result in an increase in free drug levels, tissue distribution, and excretion, in addition to reduced serum drug concentrations. 
View this table:
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Table 4 Alterations of drug disposition in severely underweight patients* 

 

In patients with protein deficiency, enzyme levels are usually reduced.91–94 Reduced enzyme activity may also be due to lower NADPH levels or reduced conversion of thyroxine to triiodothyronine.92,95,96 This can be reversed by dietary protein supplementation.97 There is some evidence that short-term and probably mild protein or energy deficiencies are less likely to alter drug metabolism.98 The chemotherapy drugs 5-fluorouracil and doxorubicin have reduced clearance in protein deficient populations.99–101 Protein deficiency may also affect kidney function.92,93 Studies suggest that reduced protein intake decreases renal blood flow and glomerular filtration (creatinine clearance). Evidence for reduced clearance of penicillin in underweight patients suggests that renal tubular secretion may also be reduced.102 Methotrexate has been shown to have reduced clearance in undernourished patients.103 
Protein-calorie malnutrition may also affect sensitivity to chemotherapy agents. In malnourished rats, nutrition repletion increased tumor response and decreased methotrexate-induced side effects.104 Trials in a pediatric oncology population found increased risk of cardiovascular toxicity in patients who were malnourished.105,106 Appropriate nutrition intervention may be able to mitigate some of alterations of drug metabolism.107 
Drug Disposition in Overweight Patients
Most studies of dosing in obese patients have defined obesity as ideal body weight plus 30%–40%, or above the 95th percentile for BMI. There is often an apprehension to dose drugs in these patients according to the full weight or size of the patient. Although data are limited, medical literature suggests that dose adjustment is generally unfounded. Reviews of drug disposition in obese patients suggest that serum protein binding, metabolism, and renal function are either increased or unchanged.108,109 Theoretically, drugs that are relatively water-soluble have less extensive distribution in obese patients, resulting in higher serum concentrations. 
There is limited data investigating the pharmacokinetics of chemotherapy agents in patients who are overweight. Two of the most rigorous studies of doxorubicin and methylprednisolone found reduced clearance in obese patients.110,111 Methylprednisolone showed increased acute pharmacologic effects; however, neither study correlated reduced clearance with efficacy or toxicity in a clinical study. Conversely, a study of 6-mercaptopurine in children with ALL showed lower serum concentrations in overweight patients.112 No clinical correlations were reported. 
In adults with solid tumors, retrospective reviews have found less efficacy or less toxicity in the obese patients, even when dosed according to full body size.113–116 It is quite possible that different subgroups within the overweight population exist and that some obese patients may undergo acute starvation and therefore resemble the clinical picture of an undernourished patient. 
Influence of Diet and Dietary Supplements on Medications
The delayed gastric emptying caused by eating a meal slows the absorption of almost any oral drug. Additionally, the absorption of some oral drugs is affected by components within food; for example, cations in dairy products reduce the absorption of tetracyclines or quinolones such as ciprofloxacin. Absorption of the cancer chemotherapy drug mercaptopurine is greatly reduced when taken with food. 
It is less well known how foods can alter the metabolism of drugs. The polycyclic aromatic hydrocarbons formed when meat is charbroiled can stimulate P450 oxidative metabolism, as can cruciferous vegetables (Brussels sprouts and cabbage).93 Cruciferous vegetables have been shown to increase glucuronidation as well. Increased dietary protein intake increases the clearance of antipyrine (as a model of a metabolized drug) and theophylline.93 There is some evidence that increased carbohydrate intake can inhibit P450 metabolism.93 The clinical significance of these effects is not known for most drugs. 
Phytoestrogenic isoflavones such as genistein and daidzen are found in soy products, lentils, and dietary supplements. In laboratory studies, these food components inhibit glucuronidation, sulfation, P-glycoprotein, and probably P450 oxidative metabolism.117 P-glycoprotein is a membrane transporter protein present in the gastrointestinal tract, blood-brain barrier, kidney, and liver that can affect absorption and excretion of some chemotherapy drugs; however, the level of dietary intake that affects metabolism of most chemotherapy drugs is unknown. 
There have been numerous clinical studies of grapefruit juice and its ability to inhibit the intestinal P450 3A4 isozyme. The effect of inhibiting this intestinal enzyme is to increase the absorption of drugs that have significant presystemic metabolism by 3A4. Cyclosporine and nifedipine have increased absorption due to this interaction. As additional oral chemotherapy drugs are developed, it is likely that some of them will be affected by this interaction. 
Medication Effects on Nutrition Status
Vaisman et al118 demonstrated that chemotherapy could affect nutrient metabolism by studying the effects of mercaptopurine and methotrexate in children with ALL. Mercaptopurine reduced protein oxidation and increased reutilization of amino acids for protein synthesis. Methotrexate increased fat use but decreased carbohydrate use. Patient's treated with L-asparaginase are known to have low protein status for the duration of treatment. It is not clear what the clinical significance is, but it is likely that chemotherapy treatment combined with the cancer can alter nutrient metabolism. 
Prednisone, used as part of the chemotherapy for ALL, lymphomas, and some brain tumors, has metabolic effects that are clinically significant. Glucocorticoids have negative anabolic effects, raise blood glucose by causing insulin resistance, increase gluconeogenesis, and redistribute fat to the face, neck, and trunk. Additionally, glucocorticoids stimulate appetite and may induce fluid retention, each resulting in weight gain. Reduced absorption and increased excretion of calcium from glucocorticoid treatment can cause osteopenia. 
For patients with nutrition problems from cachexia or anorexia, appetite stimulants may be used if dietary interventions are inadequate. Megestrol (Megace, Solvay Pharmaceuticals, Inc, Marietta, GA) and dronabinol (Marinol, Bristol-Myers Squibb Company, Princeton, NJ) have been used to treat excessive weight loss in cancer patients. Although both often stimulate appetite, neither is without side effects. 
Mucositis is most commonly observed in children treated with antimetabolites, anthracyclines (doxorubicin), high-dose chemotherapy before transplants, or radiation therapy to the gastrointestinal tract. The pain may be severe enough to require use of morphine, although more commonly an institution-specific mouthwash is prescribed. Typically this might contain a 1:1:1 mixture of an antacid, diphenhydramine, and viscous lidocaine. Most agents available for prevention or treatment of mucositis have only been moderately helpful and only provide symptomatic relief. Additional agents are currently undergoing clinical trials. Palifermin (Kepivance, Amgen Inc, Thousand Oaks, CA) has been found to decrease the incidence of mucositis in adults undergoing bone marrow transplant; however, its efficacy in the pediatric oncology population is unknown.119 Traumeel S (Heel Co, Baden-Baden, Germany) is a homeopathic agent that has been found to decrease the incidence and severity of mucositis in children undergoing BMT.120 Other trials are investigating a special formulation of glutamine that has shown promise in the treatment of mucositis. 
Other gastrointestinal complications of cancer and cancer treatment include diarrhea, constipation, and reduced gastrointestinal motility. Diarrhea can influence oral intake and absorption of drugs and nutrients. Dehydration and electrolyte loss are often the acute concerns. Diarrhea can be secondary to infections such as C difficile, direct effects of chemotherapy such as irinotecan, or from the inflammation of mucosa. Diarrhea that is due to irinotecan, other chemotherapy agents, or mucositis can often be treated effectively with loperamide. In the event that standard treatments do not work, the hormonal agent octreotide may be helpful. 
Constipation is frequently observed in children with cancer, particularly in children receiving vincristine-containing regimens. Bulk laxatives such as psyllium may help if inadequate fiber intake is part of the problem. Drug-induced constipation may require stimulant laxatives such as senna, often in combination with a stool softener such as docusate. Sometimes it is difficult to balance constipation against loose stools with laxatives, but usually this can be achieved. 
Reduced gastrointestinal motility is commonly observed in the pediatric oncology population. The only drug marketed in the United States for enhancing gastrointestinal motility in patients with delayed gastric emptying or slowed gastrointestinal motility is metoclopramide. Part of the mechanism of action of this drug involves blocking dopamine receptors, which may increase the risk of extrapyramidal reactions such as dystonias and akathisias in pediatric patients. An alternative that may work for short periods of time is low-dose erythromycin. 
Renal tubular damage is often caused by cisplatin and ifosfamide. Cisplatin damage is common as the cumulative dose rises, and typically is associated with excessive loss of magnesium, potassium, and calcium. Cumulative doses of ifosfamide cause a similar condition known as Fanconi renal syndrome. Glycosuria may occur with normal serum glucose levels and with excessive bicarbonate, phosphate, potassium, magnesium, and calcium loss through the kidney. It is difficult to avoid renal tubular damage with these 2 agents unless cumulative doses are limited. If these effects are not severe, they may be reversed; however, they are typically irreversible. Oral products for replacement of electrolytes and bicarbonate are available, but generally these products are distasteful and are not well absorbed. A few patients may require chronic parenteral replacement. 
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Conclusion


 
As the prognosis of childhood cancer has improved, professionals are looking to also improve the psychosocial care of children and families facing a cancer diagnosis.121 Although treatment is stressful, it is to the benefit of the medical team and child to find ways for children and families to cope, thus helping a family function to the best of their abilities. By incorporating psychosocial care into the daily practice, the medical team works to the benefit of the child and family suffering from cancer.122 Nutrition is just one of the areas where the psychosocial and the medical team interface to produce positive outcomes. By working with the child and family on understanding the relationships of food to our daily lives outside the context of its nutrition benefit, the psychosocial team can prepare children for invasive procedures such as nasogastric or gastrointestinal tubes. 
The side effects of anticancer therapy often create a sense of loss and separation.123 Loss of the desire and ability to eat and a separation from the rituals and comfort that are experienced through eating create discomfort for the patient. No longer does the child want to come to the table and enjoy a good meal and conversation. Children may feel disconnected from daily routines that often revolve around mealtimes, not feeling up to participating or nauseated by the smells. Parents' desire to feed their child is so strong that food becomes the main focus of their relationship, often turning every discussion with their child into one about food. The psychosocial team working with the parents and child can identify ways that will ease the tension around food while at the same time encourage eating. Working with the medical team to understand when mouth sores and nausea are most common helps to identify those days a child may physically not be able to eat. However, by also identifying when during the treatment cycle the patient may feel better encourages the family to involve the child in eating again. Through examining the treatment plan, the pressure is removed from the family, making it possible for the child to enjoy food. Involving children in the planning and making of meals maintains healthy attitudes about food. Shopping, planning, and the presentation of a meal are all activities that keep a child actively involved even when he is not actually eating. These activities promote positive relationships within the family unit. 
Children with cancer often feel a lack of control and competence.123 Since infancy, child development centers on gaining greater control of self and surrounding environments.123 Helping the child and family learn to help themselves promotes self-esteem and compliance.122 Through psychological preparations for procedures, families are given the opportunity to receive developmentally appropriate information and coping strategies. Dolls that have nasogastric tubes or a gastrointestinal button offer the child the opportunity to manipulate, practice, and learn about procedures in a nonthreatening environment. The child is also provided with coping strategies that encourage self-esteem and control. Guided imagery, deep breathing, or offering the child the choice as to which nostril to place the tube in gives the child a role and function in an environment that offers little or no control. Coping successfully with each phase of treatment or procedure increases the possibility for the child and family to continue to cope effectively with subsequent demands.122 The psychosocial care of a child and family with cancer is a challenging one. Establishing communication between the medical and psychosocial teams provides the opportunity to help families begin to navigate the medical system. With knowledge and coping strategies, families are able to begin to help themselves through a very stressful and difficult experience. 
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Conclusion


 
Childhood cancer survivors should be followed annually for screening, diagnosis, and treatment of late effects of cancer therapy. Part of this evaluation includes an assessment of height, weight, BMI, height percentile, weight percentile, and BMI percentile. The COG long-term follow-up (LTFU) guidelines for survivors of childhood, adolescent, and young adult cancers provides recommendations for screening for obesity associated with exposure to certain cancer therapies.124 Special attention is given to survivors after treatment with total body irradiation, cranial radiation, or cardiotoxic drugs for their increased risk for obesity or obesity-related diseases.124 
Initial reports of obesity in childhood cancer survivors began appearing in the mid-1980s in survivors of leukemia.125 Since then, there have been reports of obesity in survivors of ALL and brain tumors, with a few reports of obesity in other types of childhood cancer.126–135 The Childhood Cancer Survivor Study (CCSS) reported the BMI distribution of 7000 adult survivors of childhood cancer who were diagnosed between 1970 and 1986. BMI was evaluated in these survivors, most of whom were in their twenties or thirties, at the time of questionnaire. Significantly increased BMI was reported for female survivors of ALL. An increased risk of obesity, although not statistically significant, was reported for male patients treated for ALL and in female patients treated for brain tumors.127,132 It is important to note that patients with craniopharyngioma were not included in the CCSS cohort. Obesity in patients with ALL in this cohort was associated with cranial radiotherapy [image: image132.png]


20 Gy. The subjects with ALL at highest risk for obesity were female patients diagnosed at <4 years of age who received [image: image133.png]


20 Gy of cranial radiation. Although statistically not different from the general population, the female patients with brain tumor who had a higher BMI were diagnosed at a younger age and treated with cranial irradiation. 
When BMI was analyzed in CCSS subjects who were survivors of other types of childhood cancer, there was a statistically significant increase in survivors who were underweight as adults. Survivors more likely to be underweight included female and male survivors of Hodgkin's disease and Wilms' tumor, female survivors of bone cancer without amputation, and male survivors of leukemia, brain tumors, non-Hodgkin's lymphoma, neuroblastoma, and soft-tissue sarcoma.136 In women, treatment with total body irradiation, alkylating agents, and anthracyclines increased the risk of being underweight as adult survivors. In men, low BMI was associated with younger age at treatment and treatment with abdominal radiation, anthracyclines, and alkylating agents. Underweight CCSS subjects were more likely to report adverse health conditions and major medical conditions than subjects of normal weight. It is unclear whether being underweight predisposed the survivors to concomitant medical conditions and adverse health or vice versa. It is also important to recognize that even survivors with normal BMI can be suboptimally nourished. Therefore, it is important in all patients with cancer, from the newly diagnosed to the adult survivors, to continuously assess the appropriateness of weight, the nutrition status, and balance between sedentary activity and exercise. It is clear that the ability to address each of these issues may vary at different points in time, but failing to address these issues may compromise health. The COG LTFU guidelines have incorporated teaching handouts to be distributed in cancer-survivor clinics (eg, "Health Promotion through Diet and Physical Activity" and, "Reducing the Risk of Second Cancers").124 The CDC provides nutrition guidelines/recommendations for the prevention of obesity, the prevention of cancer, and the promotion of health. These include recommendations for "5 (fruits and vegetables) a day," increased activities of daily living, and decreased sedentary activities.137,138 It is important to strive to improve the health of survivors and their families. Community efforts should also work to improve school nutrition and community design that promotes outdoor play and regular exercise.139 
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Conclusion
 
In summary, the effective nutrition management of a child with cancer requires a multidisciplinary approach. The coordination of the various disciplines in the care of a child with cancer will also ease the anxiety that can be related to certain nutrition interventions. Future clinical trials with clearly defined outcomes are urgently needed in children undergoing current anticancer regimens. These trials should be integrated into standard anticancer protocols so as to control for type of cancer, anticancer regimen, and stage of disease. 
The authors wish to thank Alanna K. Chan, MS, RD, for her contributions to this article. 
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