
Overview of the Science: 

Nutritional Status, Toxicity, 

Outcome

Elena J. Ladas, PhD, RD

Assistant Professor of Nutrition in Pediatrics and Institute of 

Human Nutrition

Columbia University Medical Center



Lange et al. JAMA 293(2):203-211. 2005. (USA)   

Should nutritional status be a standard part 

of care in pediatric oncology? 

• UW:  survival (HR 1.85; 95% CI, 

1.19-2.87; P=0.06)

• UW:  treatment-related mortality 

(HR, 2.66; 95% CI, 1.38-5.11; 

P=.003)

• OW:  survival (HR, 1.88; 95% 

CI, 1.25-2.83; P=.002)

• OW:  treatment-related mortality 

(HR, 3.49; 95% CI, 1.99-6.10; P=

.001)

“The effect of BMI on outcome in pediatric AML 

is not a trivial problem: the reduced survival in 

underweight and overweight patients is roughly 

equal to the improved survival accomplished by 

10 years of progress in pediatric AML.”



Increased Recognition of Nutrition and Cancer

 Search terms *nutrition and oncology*

 Incorporated into the vision of Children’s Oncology Group
 Sung, L, Zaoutis, T, Ullrich, N, Johnston D, Dupuis, L, Ladas E. Children's 

Oncology Group's 2013 blueprint for research: cancer control and supportive 

care.  Pediatr Blood Cancer. 2013 Jun;60(6):1027-30. Epub 2012 Dec 19.;

 International Society for Pediatric Oncology (SIOP) 
 In 2013, SIOP established a nutrition committee within the Pediatric Oncology 

Developing Countries Committee (Chairs: E Ladas, B Arora)

Years # Manuscripts

1970 to 1979 11

1980 to 1989 77

1990 to 1999 285

2000 to 2010 717

2010 to 2016 1121



Nutrition:  Definitions and Relevance 

 Categorizations of Malnutrition

 Undernutrition (Cachexia; Starvation)

 Overnutrition (Obesity)

 Clinical Importance 
 Characterize the pattern of growth 

 Monitor changes along the growth curve and weight and height 

 Monitor the changes in the body composition as a result of altered energy intake, 

cancer, and cancer therapy

 Collect prospective dietary data on patients in order to devise effective nutrition 

intervention protocols

 Research

 Associations between malnutrition (under-/over-nutrition): 

 Increase in toxicity

 Decreased quality of life

 Increased mortality
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However, undernutrition is only part 
of the story 
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Adverse Effect of Obesity on OS and EFS in ALL

35% reduction of event free survival

(Fixed effect, RR 1.35, 95%CI 1.20, 1.51)

Am J Clin Nutr. 2016 Mar;103(3):808-17



A pronounced effect in adolescents 

54% Increased Risk of Mortality (EFS) among older children  

(Fixed effect RR: 1.54, 95% CI  1.14, 2.082) 



A Similar Observation in AML 



Patterns of Weight Gain in ALL

Withycomb, et al. PBC 2009; Withycomb et al PBC 2015



Early Weight Gain Predicts Weight EOT

Withycomb et al PBC 2015

93% of patients who experienced weight gain were not overweight/obese at dx



Remediation Improves Outcomes 

Orgel, et al. JCO 2014



Asociacion de Hemato-Oncologia

Pediatrica de Centro America (AHOPCA) 

 Prospective intervention study in 331 children with acute 

lymphoblastic leukemia (std. and high-risk) (Antillon, et al.  

2012)

 Confirmed the finding that poor nutrition status is associated with 

increased abandonment from therapy 

 No significant difference in survival or overall survival between 

nutrition groups 

 Suggested that nutrition status at diagnosis may not convey the 

complete picture 



Summary of the Literature 
 Nutritional status reduces survival, most apparent in 

children with ALL and AML. 

 Support for this in both HIC and LMIC 

 The association of nutritional status and toxicity is less 

known, more research is needed. 

 Remediation of undernutrition removes the risk of poor 

nutrition and outcome in children with cancer.

 Obesity is a clear risk factor for the development of certain 

cancers

 The effect of obesity on survival and relapse may be 

underestimated.  Further research is needed.

 The effect of lifestyle variables (diet, exercise) on the 

development of obesity during treatment is virtually 

unknown.  



What about Dietary Intake? 



Why consider diet?

• Epidemiologic Studies

– Doll and Peto (1981)- Estimated nearly 70% 

of cancer risk is attributable to diet and 

exercise ; 35% of cancer risk was attributed to 

diet alone 

• Nurses Health Study

• EPIC Study 



Ladas, Children 2014 



Dietary Intake and All-Cause Mortality 

Study Design:  Iowa Women’s Health Study

Dietary Intervention:  Adherence to the AICR Guidelines 

Population:  Female survivors of cancer (N=2017)  

Baseline Demographics:  Mean age= 78.9 +/-3.9 

33% lower all-cause mortality 

Inoue Choi, et al Cancer Epidemiol Biomarkers Prev . 2013 May ; 22(5): 792–802



Increase Adherence, Improved Outcome 

European Prospective Investigation Into Nutrition and Cancer Cohort Study

N=378,864 males/females from 9 European countries 

Vergnaud, et al Am J Clin Nutr 2013; 97:1107-20.



Tan, et al.  Journal of Human Nutrition and Dietetics. 2013

How is nutrient intake 

affected by treatment?



Reilly, et al.  J of Endocrinology and Metabolism. 2001

Therapy Alters Nutrient Intake

However, response appears to be variable 



Dietary Intake & Sarcopenic Obesity 

“For every SD increase in basic foods score, 

A decrease of 3.58% for fat mass index”  (Howe, et al 2013)



 What is the role of dietary intake during treatment and 

the development of sarcopenic obesity?

 Can diet be modified so as to prevent sarcopenic

obesity?

 What role does physical activity have its 

development? 

 Is intervention during treatment feasible? 

More to learn…..



The Diet and Acute Lymphoblastic 

Leukemia Treatment (DALLT) Cohort 

Study 



 Prospective Dietary Cohort

 N=794 evaluable children 

 Diagnosis: ALL (SR & HR) 

 Harvard Food Service or 

Youth and Adolescent Food 

Frequency Questionnaire

 Nutrition support (enteral

or parenteral nutrition) was 

also collected at each 

timepoint through a 

 Therapy-related toxicity 

data, Survival, Relapse







Caloric Intake Compared to Normative Values



Final Remarks & Implications

 Nutrition is a modifiable risk factor that can improve QOL, 

reduce toxicity and improve survival in children with cancer.

 Preliminary work suggests diet quality may be a factor in 

nutrition-related toxicities and outcome.   

 Sequential observations are essential in determining the 

effectiveness of nutrition interventions. 

 Evidence is clear that variations in clinical practice exist and 

there is a need for more investigators documenting the 

association of nutrition and outcomes in homogenous 

cohorts.  

 We can’t to this alone! 

 International partnering is key in advancing nutritional science, 

supporting by the success of twinning programs and international 

collaborative work.  



Cancer Control 

Nutrition and Integrative Medicine

Sub-Committee

Elena J. Ladas, PhD, RD

Michael Nieder, MD

Shana Jacobs, MD



Probiotics in Stem Cell Transplant 



Gerbitz, A, et al.  Blood 103: 4365-4367.  2004



Acute Graft v Host Disease (aGvHD) 

 Clinically significant aGvHD affects approximately 

35% of children and adolescents undergoing HCT

 aGvHD can account for up to 20%  of the mortality 

related to transplant

 The GI tract is an important site of aGvHD genesis

 GI aGvHD occurs in appx 25-40% of children and 

adolescents undergoing allo HCT

 Historically, decontamination therapy was thought 

to be beneficial for the prevention of aGvHD.  No 

clinical trials were found to support its efficacy.



Intestinal Homeostasis 



HCT and GvHD on Intestinal Homeostasis
 TBI correlates with compromised intestinal barrier function.  

 GvHD further exacerbates damage to intestinal barrier.  

 Loss of intestinal function leads to mucosal inflammation.

 Increased expression RegIIIa, Reduced IgA, IL-22, and Paneth cells  

Karlik, et al.  Blood Marrow Transplant. 2014Docampo, et al.  Biology Blood Marrow Transplant. 2015



HCT, GvHD and the Intestinal Microbiota
 HCT produces changes in the microbiota.

 A significant relationship exists microbiome diversity and 3-

year survival in adults undergoing HCT

 Low diversity 36%

 Intermediate diversity 60%

 High diversity 67% 

 Patients who develop GvHD display a characteristic shift in 

intestinal flora composition.  

 Replenishing commensals such as Lactobacillus prior to 

murine HCT substantially decreased aGvHD severity and 

intestinal insult as well as prevent the sequelae of a number 

of other HCT-morbidities. 

 Microbiota also appears to modulate GvHD-mediated 

inflammation





Probiotics

 Probiotics are nutritional supplements that contain a defined 

amount of viable microorganisms and upon administration 

confer a benefit to the genesis.

 Clinical trials and systematic analysis have suggested that 

probiotics are safe and may be beneficial for immune 

compromised adults, adults with cancer receiving abdominal 

radiation, and a wide range of pediatric conditions.

 There are many different strains of probiotics; however, few 

have been explored among immunocompromised 

individuals.

 Lactobacillus plantarum (LBP) 

 One of the most thoroughly studied species. 

 Wide safety profile, including immunocompromised adults 

and children.  



 Pilot trial(IND# 108,977) at Columbia University, All 

Children’s Hospital and Wolfson Children’s

 Primary aim was safety of probiotics, Lactobacillus 

plantarum (LBP) in a cohort of 30 children and 

adolescents (ages 2-18 years) undergoing HCT. 

 Secondary aims evaluated feasibility and explored 

clinical outcomes.  

 Supplementation with LBP began Day -7 of conditioning 

therapy and continued until Day +14 (22 daily doses).  

Pilot Study

Ladas et al.  Bone Marrow Transplantation 2015



Demograhics

Ladas et al.  Bone Marrow Transplantation 2015



 No cases of LBP bacteremia

 New onset of Clostridium difficile was 

noted in 20% of the children. 

Pilot Study: Safety Results



 30 evaluable patients

 Mean number of doses taken was 93% (SD 14%)

 Median was 100% (range 50-100%). 

 31 eligible patients

 1/31received less than 50% of the required doses.

 97% of the eligible patients (30/31), 95% CI 

(83%-100%), received at least 50% of the 

prescribed doses.

Pilot Study: Compliance



 Stool samples were collected from 22 of 

the 30 evaluable patients

 At least one stool specimen was 

positive for Lactobacillus (21/22, 96%). 

Despite this restricted analysis, 77 

specimens (75%) were positive for 

Lactobacillus.

Pilot Study: Colonization



No acute GVHD= 70% 

 3 patients died prior to Day 100 without 

developing acute GVHD. 

Grade 1= 0%

Grade 2= 17% (5 patients)

Grade 3= 13%  (4 patients)

Grade 4= 0%

Pilot Study: GvHD



 Stage 0: 77% (22 patients)

 Stage 1: 7% (2 patients)

 Stage 2: 3%  (1 patient)

 Stage 3: 13%  (4 patients)

 Stage 4: 0%

Pilot Study: GI GvHD (23%)



 Administration of Lactobacillus plantarum

to children undergoing myeloablative

Allogenic HCT:

 Is Safe

 Is Feasible (excellent compliance)

 Does not cause an increase in:

 aGVHD

 Non-Lactobacillus bacteremia

 C Difficile

Conclusions



The Effectiveness of Probiotics in 

Preventing Acute Graft-versus-Host 

Disease (GvHD) in Children Undergoing 

Alternative Hematopoietic Progenitor Cell 

Transplantation 

(ACCL1432)

Study Chairs

Michael Nieder, MD; Elena Ladas, PhD, RD; 

Jeffery Auletta, MD



Research Hypothesis

 Administration of Lactobacillus plantarum (LBP) probiotic, compared 

to placebo, will reduce the incidence of gastrointestinal (GI) acute 

graft-versus-host disease (aGvHD) in children and 

adolescents undergoing alternative donor hematopoietic cell 

transplantation (HCT).

Primary Objective:

 To determine whether oral LBP reduces the incidence of GI aGVHD 

in children and adolescents undergoing alternative donor HCT.

Study Hypothesis 



 To determine whether orally-administered LBP decreases the 

incidence of Grade II–IV aGvHD following alloHCT

 To determine whether LBP administration maintains intestinal 

integrity as measured by mean plasma citrulline levels and reduction 

in mucosal barrier injury (MBI) bacteremia

 To measure the effects of LBP on the intestinal flora phylogenetic 

composition during and after alloHCT using 16S rRNA gene deep 

sequencing

 To measure effects of LBP on intestinal flora function during and 

after alloHCT using metagenomic and metabolite profiling

 To measure proposed immunomodulatory effects of LBP in mean 

plasma levels of alloreactive-induced inflammatory cytokines (IL-2, 

IL-6, IL-12p70, IFN, and TNFa) in patients receiving LBP compared 

to placebo. 

Secondary Aims 



Eligibility criteria 

 2 through 21 years

 First alternative donor (defined as all donors except for matched, related family members) 

alloHCT

 Hematologic malignancy (leukemia, lymphoma, myelodysplasia)

 Adequate performance status (Lansky/Karnofsky score ≥70)

 Negative Clostridium difficile toxin at study entry 

Exclusion criteria

 Probiotic use within three months of starting the transplant conditioning regimen (yogurt is 

allowed)

 History of severe GI tract insult within the past three months such as previous bowel 

perforations, episode of Grade 4 neutropenic colitis, or typhlitis

 Inflammatory bowel syndrome, short small bowel syndrome, Crohn’s disease, ulcerative colitis, 

or history of bowel resection

 Use of anti-microbial gut decontamination or keratinocyte growth factor (KGF)

 Active infection at the initiation of conditioning regimen 

Inclusion/Exclusion Criteria 



Study Schematic 

Day -7

Initiation of Conditioning Regimen 

Begin daily supplementation with Lactobacillus Plantarum

Day 0

Transplant

Day +56

Discontinue supplementation with 

Lactobacillus plantarum

Incidence:  GI aGvHD is ~ 30 % in alternative donor transplants. 

Success: Defined as a 25% relative reduction in GI aGVHD.

Estimated sample: N= 384 

Day +100

Completion of study

observations



International Society Pediatric Oncology, 

Pediatric Oncology Developing 

Countries, 

Nutrition Committee

Chairs:

Brijesh Arora, MD (India)

Elena J Ladas, PhD, RD (United States) 



SIOP-PODC Nutrition
• Lectures via Cure4Kids

• Continue to hold monthly nutrition lectures via Cure4Kids (3rd

Tuesday every month, 10am EST) 

• Collaboration with other SIOP Committees (neuroblastoma group, 
infection control)  

• Membership continues to grow.  Current members: 92 representing 
24 countries and all continents.   

• Regional Workshops
• 1st workshop held in November 2014 held in Mumbia, India (trained 

over 200 clinicians)  

• 2nd workshop held at SIOP Asia Workshop (Amman, Jordon on April 
23, 2015)

• 152 clinicians trained in nutrition and pediatric oncology 

• Lectures were also provided at two of the major hospitals in Amman 
(Queen Raina Hospital and King Hussein Cancer Center) 



SIOP-PODC Nutrition
• Regional Workshops

• Sao Paolo, Brazil (November 12/13, 2015)
• Over 100 attendees 

• Summary statistics of the conference were overwhelmingly positive.  

• 98% reported that conference met expectations 

• 99% reported that the conference improved their knowledge of nutrition

• 99% reported that the conference will improve their clinical practice 

• Mumbai, India (February 6/7, 2016)
• 100% of participants reported that the conference met expectations

• 100% of participants reported that the conference improved their knowledge of nutrition 
and this can be applied to their clinical practice.  

• Upcoming Workshops
• SIOP Asia (Moscow, Russia):  May 25, 2016.  

• Rio de Janeiro (November 2016).  

• Planning is underway for 2017
• SIOP Asia- Bangkok, Thailand 

• Fellowship Training in Mumbai 
• Started fellowship program

• First fellowship trained 22 nutritionists from 8 centers in India, included 70 lectures.

• Second fellowship trained 43 nutritionists from 32 centers in India.  



Nutritional Challenges for Children Cancer



SIOP-PODC Nutrition Research 
• Research

• RUTF trial (PI: B. Arora)

• SCAN feasibility (PI: A. Murphy)

• Algorithm validation (PIs: C Fleming, K Viani) 

• Grant Awards

• Nutritional status in children with cancer in Guatemala (F Antillon, R 

Barr, E Ladas)

• Mullen Foundation- Build Capacity in LMIC (PI: E Ladas Co-PI: B 

Arora, R Barr)



Brijesh Arora, MD
Professor,  Pediatric Oncology

Tata Memorial Hospital

Mumbai, INDIA

Development of a Nutrition 

Research & Training Program in 

India 



THANK YOU!

 ejd14@cumc.columbia.edu

 SIOP Nutrition PODC: cure4kids.org

mailto:ejd14@cumc.columbia.edu

