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General Information

Program Overview
The 14th International Conference on Long-Term Complications of Treatment of Children and Adolescents for Cancer will focus on the 
exchange of innovative ideas among medical and pediatric oncologists (fellows, residents), nurse practitioners, oncology nurses, and other 
associated allied health professionals who, in the past, have attended from Europe, Asia, Australia, South America, Canada and the United 
States. The topic this year is endothelial cell and vascular function and aging. This symposium is designed to present the latest scientific and 
clinical advances regarding the endothelial cell and vascular development, endothelial cell and vascular dysfunction, and interventions to 
ameliorate vascular dysfunction.

The topics in the program have been selected based on the suggestions and comments of participants from previous meetings. The speakers 
are leaders in their respective disciplines and will present up-to-the minute information that should make for a lively and productive meeting. 
We will also allocate two sessions for presentation of the best abstracts.

Learning Objectives
As a result of participating in this educational program, participants will be able to:

• Describe the biology of the endothelial cell

• Discuss normal vasculogenesis

• Explain the characteristics various measures of normal vascular function

• Describe the epidemiology of vascular function in the normal population

• Discuss the effects of cellular toxins on endothelial and vascular function

• Explain the biology of normal cellular aging

• Discuss syndromes of accelerated aging

• Discuss exercise interventions to delay vascular aging

• Describe pharmacologic interventions to delay vascular aging 

Target Audience
The program will be of interest to pediatric hematologists/oncologists, pediatric nurse practitioners, pediatric psychologists, pediatric 
oncology nurses, pediatric oncology social workers, medical oncologists, family practice physicians, fellows, residents, interns, clinical 
research associates and other primary care providers, as well as scientists in non-clinical fields such as public health, the social sciences. 
and laboratory sciences.

Messages and Notices
Messages may be left at the registration desk. A message board will be located near the registration desk. Please check this at regular 
intervals as no responsibility can be taken to deliver messages personally.

Mobile Phones and Pagers
As a courtesy to presenters and others, please ensure that mobile telephones and pagers are turned off or switched to silent mode during all 
presentations.

Name Badges
Admission to all sessions and meals is by name badge only, and all attendees must be registered.
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Registration Desk and Check In
The registration desk will be open in Arlington Ballroom Foyer at the following times: 

 Thursday, June 11, 2015  2:00 p.m. to 9:00 p.m.

 Friday, June 12, 2015  7:00 a.m. to 2:00 p.m.

 Saturday, June 13, 2015  8:00 a.m. to noon

Registration fee includes the Program/Proceedings, welcome reception (Thursday, June 11), admission to all scientific sessions, poster 
session, conference materials, breakfast, lunch, refreshment breaks, and dinner (Friday, June 12).

Additional copies of the Program/Proceedings may be purchased at the registration desk. Cost: $10.00 (US) per copy.

Speaker Preparation Room 
For your convenience, a Speaker Preparation Room will be available to review your presentation. The room will be available Friday, June 12 
and Saturday, June 13 from 8 am – 5 pm. If needed, a computer will be available. 

Accreditation Information
Physicians: St. Jude Children’s Research Hospital is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to 
provide continuing medical education for physicians.

Credit Designation
St. Jude Children’s Research Hospital designates this live activity (14th International Conference on Long-Term Complications of Treatment 
of Children and Adolescents for Cancer ) for a maximum of 12.25 AMA PRA Category 1 Credit(s) TM. Physicians should only claim credit 
commensurate with the extent of their participation in the activity.

Disclosure of Conflicts of Interest
St. Jude Children’s Research Hospital requires all instructors, planners, and other individuals in a position to control the content of this activity 
to disclose any real or apparent conflict of interest they may have as related to the content of this CME activity. All relevant conflicts of 
interest will be shared with those in attendance to ensure fair balance of information presented.

Ground Transportation
Information on Ground Transportation is available at the Registration Desk.

Poster Exhibition (Friday, June 12)
A cash bar will be available at 6:30 p.m. with a buffet dinner served from 7:00–10:30 p.m. (Arlington Ballroom Salons I and II). Poster 
viewing will be from 7:30–10:00 p.m. (presenters in attendance). Posters will be on display in the Arlington Ballroom Salons V and VI through 
Saturday, June 13, at noon. 

Welcome Reception
The Welcome Reception will be held on Thursday, June 11 in the Arlington Ballroom Salons I and II. This will be held from 7:00 to 9:00 p.m. 
and will include wine and appetizers. The cost of this function is included in your registration fee.

Sponsor Acknowledgement
The 14th International Conference on Long-Term Complications of Treatment of Children and Adolescents for Cancer gratefully acknowledges 
support from St. Jude Children’s Research Hospital.
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Crystal Gateway Marriott Lobby Level

Crystal Gateway Marriott

Crystal Gateway Marriott First Floor Meeting Space
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Crystal Gateway Marriott

Crystal Gateway Marriott Second Floor Meeting Space

Crystal Gateway Marriott First Floor Meeting Space
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Conference Program

Thursday, June 11
2 – 9 p.m. Registration 

3 p.m.  Welcome—Daniel M. Green, MD, Conference Chairman

Session I
3:15 – 6 p.m. Invited Speakers—Moderator: Daniel A. Mulrooney, MD, MS

3:15 p.m. The Endothelial Cell  
William C. Aird, MD, Center for Vascular Biology Research, Beth Israel Deaconess Medical Center, Boston, MA

3:45 p.m. Vasculogenesis 
Brant Weinstein, PhD, NICHD Program in Genomics of Differentiation, Bethesda, MD

4:15 p.m. Measurement of Vascular Function  
Daniel Duprez, MD, PhD, Department of Medicine, Cardiovascular Division, University of Minnesota, Minneapolis, MN

4:45 p.m. Vascular Function in Normal Population  
Arshed A. Quyyumi, MD, FRCP, FACC, Division of Cardiology, Emory University School of Medicine, Atlanta, GA

5:15 p.m. Toxin-Related Endothelial Cell and Vascular Injury 
Aaron Barchowsky, PhD, Environmental and Occupational Health, Department of Pharmacology and Chemical 
Biology, University of Pittsburgh, Pittsburgh, PA

5:45 p.m. Discussion

6 p.m. Adjourn

7 – 9 p.m. Welcome reception

Friday, June 12
7 a.m. Registration 

7 – 8 a.m. Continental breakfast

Session II
8 a.m. – noon Platform presentations—Moderator: Jeanette Falck Winther, MD

10 a.m. Refreshment break

Noon Lunch

Session III
1:30 – 5 p.m.  Platform presentations—Moderator: Smita Bhatia, MD, MPH

3 p.m. Refreshment break

5 p.m. Adjourn

6:30 p.m. Cash bar

7 – 10:30 p.m. Buffet dinner

7:30 – 10 p.m. Poster viewing



7

Saturday, June 13
7:30 a.m. Registration 

7:30 – 8:30 a.m. Continental breakfast

Session IV
8:30 – 11:30 a.m. Invited Speakers—Moderator: Kevin Oeffinger, MD

8:30 a.m.  Cellular Aging  
James L. Kirkland, MD, PhD, General Internal Medicine Research, Mayo Clinic, Rochester, MN

9 a.m. Syndromes of Accelerated Aging  
James L. Kirkland, MD, PhD, General Internal Medicine Research, Mayo Clinic, Rochester, MN

9:30 a.m. Exercise Interventions to Delay Vascular Aging 
Kevin S. Heffernan, PhD, Department of Exercise Science, Syracuse University, Syracuse, NY

10:00 a.m. Pharmacologic Interventions to Delay Vascular Aging 
Arvind Bhimaraj, MD, MPH, FACC, Methodist DeBakey Heart and Vascular Center, Houston Methodist Hospital, 
Houston, TX

10:30 a.m. Discussion

11:00 a.m. Conference summary

11:15 a.m. Adjourn

11:30 a.m. Refreshments



8

Invited Speakers Abstracts

THE ENDOTHELIUM  William C. Aird, MD

Center for Vascular Biology Research, Beth Israel Deaconess Medical Center, Boston, MA, USA

Beth Israel Deaconess Medical Center, Boston, MA, USA The endothelium is systemically distributed throughout the human body. The 
endothelium is not an inert layer of nucleated cellophane but rather is involved in a multitude of physiological functions including the control 
of vasomotor tone, the regulation of leukocyte trafficking,  barrier function, angiogenesis, and the maintenance of blood fluidity. Endothelial 
cell phenotypes vary in structure and function, in space and time, and in health and disease, giving rise to the phenomenon known as 
endothelial heterogeneity. The goal of this presentation will be to underscore the importance of the endothelium  as an organ system, one 
that is teeming with life, every bit as active as traditional organ systems, and one, by extension, that has enormous though largely untapped 
diagnostic and therapeutic potential. We will discuss the bench-to-bedside gap in endothelial biomedicine, with a particular focus on the 
origins of this chasm. The first of these is the hidden, enigmatic nature of the endothelium. Because the endothelium is hidden from view and 
is tightly tethered to the blood vessel wall, it is poorly accessible to the clinician. Unlike solid organs, the endothelium is widely distributed 
in space. Indeed, owing to its pervasiveness and exquisite thinness, the endothelium cannot be imaged using conventional radiological 
techniques. While there has been recent progress in developing diagnostic platforms for assessing the health of the endothelium, including 
ELISA-based quantitation of circulating biomarkers and the enumeration and phenotyping of circulating endothelial cells and microparticles, 
none of these has reached the clinical mainstream and/or had a major impact on patient care. A second reason for the bench-to-bedside 
gap is our tendency to focus on large arteries and veins at the expense of the vast expanses of microvessels, a preoccupation that is 
deeply rooted in history. An understanding of the structure and function of capillary beds holds important clues about the physiology and 
pathophysiology of many human diseases. A final explanation for the bench-to-bedside gap in endothelial biomedicine relates to the 
complexity of the endothelium. The endothelium is like a chameleon, constantly molding itself to the needs of the tissue environment. 
Moreover, some phenotypic differences between endothelial cells are epigenetically locked in. An understanding of the relative role of the 
microenvironment and epigenetics in mediating endothelial phenotypes has important therapeutic implications. In the end, a consideration 
of these three causes of the bench-to-bedside gap in endothelial biomedicine provides a new conceptual framework for approaching this 
important organ system.

VASCULOGENESIS Brant Weinstein, PhD

NICHD Program in Genomics of Differentiation, Bethesda, MD, USA
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MEASUREMENT OF VASCULAR FUNCTION Daniel Duprez, MD, PhD

Cardiovascular Division, University of Minnesota, Minneapolis, USA

Early identification of those at risk for cardiovascular disease (CVD) can help prevent clinical overt CVD or at least delay the progression. 
Individuals at risk for CVD events are currently identified by screening for risk factors such as elevated blood pressure, cholesterol, glucose, 
smoking. This screening is based on a biostatistical approach and does not incorporate specific risk factors in cancer survivors like 
chemotherapy or radiotherapy. Despite blood pressure is one of the cornerstones of CVD prevention, systolic and diastolic blood pressure 
provide information only about the two extreme points of the arterial pressure waveform. The atherosclerotic disease starts at the level of 
endothelial function. Therefore there is a need to assess vascular function beyond arterial blood pressure measurement. There are several 
techniques to estimate vascular function which provides complementary information. Forearm-mediated vasodilation has been considered as 
the cornerstone to study endothelial (dys)function. There are several non-invasive techniques to estimate arterial stiffness (1/elasticity). One 
of the oldest techniques is the carotid pulse wave velocity which is the difference in the arrival time of the arterial pulse wave at the carotid 
and femoral artery. There have been several non-invasive techniques developed to analyze the characteristics of the radial artery pulse wave 
based on systolic or diastolic pulse contour analysis. To implement these new techniques in daily practice we need to know the additional 
predictive information of these new markers for CVD above and beyond the arterial blood pressure. There is now evidence that these markers 
are predictive for development of arterial hypertension, coronary heart disease, stroke and heart failure, decline in renal function beyond 
arterial blood pressure values. By identifying individuals on a trajectory for development of cardiovascular disease, prior to the occurrence of 
symptoms or morbid events, a subpopulation may be identified that is likely to progress to clinical events, beyond prediction possible from 
classic CVD risk factors alone. The next step is the personalized CVD preventive therapy in the cancer survivors to restore the integrity of 
vascular function or to delay the progression of vascular dysfunction in order to reduce of cardiovascular morbidity and mortality and improve 
their quality of life.

VASCULAR FUNCTION IN NORMAL POPULATION Arshed A. Quyyumi, MD, FRCP, FACC 

Division of Cardiology, Emory University School of Medicine, Atlanta, GA, USA

Endothelial function refers to a multitude of physiological processes of the vascular endothelium that maintain healthy homeostasis of the 
vascular wall and may be used as a barometer of the injury/repair inflicted by multiple environmental and genetic factors. 

This presentation will review the structure and function of the normal endothelium, the factors that lead to abnormal endothelial function, 
potential treatments and the prognostic value of these measures. 

Primary endothelium-derived factors such as nitric oxide and other endothelial vasodilators including endothelium-derived hyperpolarizing 
factor, prostaglandins, and constricting factor such as endothelin and their biology will be discussed.. 

The close relationship between generic processes such as oxidative stress, inflammation and immune system health to vascular health will 
be described.

Further discussion will focus on endothelial repair and regeneration, the role of circulating progenitor cells and the impact of regenerative 
health on vascular health.

Studies that have measured endothelial function in humans that show changes with healthy and usual aging will be described.

TOXIN-RELATED ENDOTHELIAL CELL AND VASCULAR INJURY Aaron Barchowsky, PhD

Environmental and Occupational Health, Department of Pharmacology and Chemical Biology, University of Pittsburgh, Pittsburgh, PA

There have been a number of treatment advances that increased the survival of children with cancers. Unfortunately, many of the treatments, 
including chemical agents and radiation, are toxic to the vascular and cardiac cells and substantially increase the risk of cardiac and 
vascular diseases, as well as cardiovascular deaths, decades after the cancers have been eliminated. Fortunately, the mechanisms for the 
cardiovascular toxicities of many successful antitumor therapies are well understood and there are strategies to prevent these toxicities 
and reduce risk to both endothelial cells and cardiomyocytes. The mechanisms for cardiovascular cell injury will be reviewed and strategies 
for limiting injury and reducing lifetime risk for cardiovascular disease in cancer survivors will be outlined. The central role of damage 
from dysfunctional reactive oxygen generation and signaling in both injury and antioxidant protective therapies will be a main focus of the 
discussion.
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CELLULAR AGING AND CHRONIC DISEASE: THERAPEUTIC AND TRANSLATIONAL OPPORTUNITIES James L. Kirkland, MD, PhD

Robert and Arlene Kogod Center on Aging, Mayo Clinic, Rochester, MN, USA

Major age-related chronic diseases are the leading drivers of morbidity, loss of independence, hospitalization, mortality, and health costs 
throughout most of the world. These include atherosclerosis, most cancers, mild cognitive impairment, dementias, Parkinson’s and other 
neurodegenerative diseases, diabetes, renal dysfunction, arthritis, blindness, frailty, and sarcopenia, and many others. Chronological age is 
the largest risk factor for most of these age-related diseases. These disorders share predisposing pathogenic mechanisms with processes 
associated with aging, including low-grade “sterile” inflammation, cellular senescence, accumulation of damaged macromolecules, and stem 
and progenitor cell dysfunction. These processes are the targets of many of the genetic, environmental, and pharmacological interventions 
that appear to be effective in extending lifespan and healthspan in lower mammals. Early indications suggest these interventions may also 
impact healthspan and resilience, and delay age-related disorders in animal models. Some of these interventions are potentially translatable 
into clinical treatments to prevent, delay, alleviate, or perhaps even reverse a range of age-related disorders in humans. A great deal of 
thought and work are needed, beyond the usual steps in drug development, to advance these findings into clinical application, including 
the preclinical, clinical proof-of-concept, and formal clinical trials acceptable to regulatory agencies for this to be achieved. Realistic pre-
clinical and clinical trials paradigms need to be devised. Focusing on subjects with symptoms of age-related diseases or frailty or who are 
at imminent risk of developing these problems, measuring effects on short-term, clinically relevant outcomes, as opposed to long-term 
outcomes such as healthspan or lifespan, and developing biomarkers and outcome measures will be important. Here, we consider some of 
the interventions that hold promise, the process of translating them into clinical applications, potential clinical applications for which agents 
that target fundamental aging mechanisms may be first tested, personnel and resources needed to do so, and regulatory and intellectual 
property issues in developing feasible interventions. Application in conditions resembling accelerated aging, for example, in subjects who 
have received intensive chemotherapy or therapeutic radiation, are among the potential situations in which these agents could be studied 
first. Research funding is a major roadblock, as is lack of investigators with combined expertise in the basic biology of aging, clinical 
geriatrics and related fields, and conducting investigational new drug clinical trials. Options are reviewed for developing a path from the 
bench to the bedside for interventions that target fundamental aging processes. Although the path to clinical application for these agents will 
likely be difficult, tortuous, and possibly lengthy, the potential to transform health care as we know it is unparalleled.
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EXERCISE INTERVENTIONS TO DELAY VASCULAR AGING Kevin S. Heffernan, Ph.D.

Department of Exercise Science, Syracuse University, Syracuse NY, USA

Despite continued improvements in the detection and treatment of cardiovascular disease (CVD), mortality from CVD is expected to increase 
as the population ages. Vascular senescence is a phenotypic expression of human aging underlying, in large part, this increased CVD risk. 
Even in the absence of other risk factors, aging per se is considered an independent, pro-atherogenic stimulus, increasing morbidity and 
mortality from myocardial infarction and stroke. With advancing age, there is pervasive macrovascular and microvascular dysfunction that 
may serve as the substrate for CVD events. Two key vascular changes that have recently received considerable attention are stiffening of 
central elastic arteries (i.e. aorta and carotid) and systemic endothelial dysfunction. Both increased large artery stiffness and endothelial 
dysfunction have been shown to contribute to numerous co-morbidities of aging including hypertension, renal disease, heart failure, 
autonomic dysregulation, impaired physical function, and cognitive decline, and have each been shown to predict future CVD events. 

Whilst some degree of vascular dysfunction with aging is almost certain, the magnitude of dysfunction can be modified with lifestyle. 
Physical inactivity is a potent harbinger for premature vascular senescence. Recent studies suggest that excessive time spent sitting and/or 
in sedentary pursuits may cause endothelial damage and increase large artery stiffness. Conversely, engaging in habitual aerobic exercise 
training may abrogate age-associated deterioration of vascular function and possibly even restore lost function by targeting specific aspects 
of vascular senescence. Habitual aerobic exercise training has a favorable effect on traditional (i.e. blood pressure and blood lipids) and non-
traditional CVD risk factors (i.e. inflammation, oxidative stress, insulin sensitivity) which may preserve nitric oxide bioavailability and prevent 
detrimental structural remodeling stemming from fibrosis, collagen cross-linking and glycation. This may ultimately prevent large artery 
stiffening and improve endothelial function. 

According to the American College of Sports Medicine, an exercise prescription for health promotion and disease prevention should include 
a cardiorespiratory/aerobic exercise component, a strength/resistance exercise component, a flexibility component and a neuromotor 
component (e.g. yoga, tai ji). It should be underscored that, when considering exercise interventions to improve vascular health, not all forms 
of exercise are created equal. Unlike the favorable vascular effects noted for aerobic exercise training, resistance exercise training has 
equivocal effects on endothelial function and may increase large artery stiffness. Thus it has been suggested that, while aerobic exercise 
training may delay vascular aging, resistance exercise training may hasten vascular aging. The mechanisms governing vascular adaptations 
to resistance exercise training remain far less explored. 

This presentation will:

1. Briefly examine physical inactivity as a potent risk factor for premature vascular senescence.

2. Provide an overview of the effects of various exercise modalities (with an emphasis on aerobic and resistance exercise training) on 
endothelial function and large artery stiffness. 

3. Examine potential mechanisms governing vascular adaptations to various modes of exercise.

4. Briefly discuss a practical exercise prescription designed to delay vascular aging.
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PHARMACOLOGICAL INTERVENTIONS TO DELAY VASCULAR AGING Arvind Bhimaraj MD, MPH, FACC

Methodist DeBakey Heart and Vascular Center, Houston Methodist Hospital, Houston, Texas, USA

With better elucidation of the pathways of cellular and organ aging, it is becoming more apparent that aging in itself can be classified 
as a unique ‘disease’. Lessons learned from syndromes of accelerated aging and epidemiological healthy population studies have 
clearly documented progressive changes in the vasculature of individuals over time leading to arterial stiffness which in turn promotes 
atherosclerosis. The presence of arterial stiffness for any particular age can be considered as abnormal aging when compared to individuals 
who do not develop the same. Multiple factors including genetic susceptibility, insufficient compensatory pathways and variation in 
environmental exposures are responsible for the abnormal aging in some. Though vascular stiffness leads to atherosclerosis in many 
individuals, the development of arterial remodeling independently impacts survival suggesting that the structural and functional changes 
causing the stiffness are maladaptive. Aging of the vasculature is a consequence of the response of the cells within the blood vessels 
(primarily endothelial cells and vascular smooth muscle cells) to time and exposure to injury (including wear and tear). The mechanisms 
range from the handling of cellular metabolism, response of the cellular elements to injury, cell-cell interactions that lead to mobilization of 
fibroblasts and inflammatory cells, promotion of changes of maladaptation including elastin and collagen changes. 

In a broad sense, therapies to delay vascular aging can be directed at decelerating the progression of aging mechanism or reversing the age 
related changes. Potential aspects of aging that can be modulated as therapeutic intervention can be to: 1) increase the ability of the vascular 
cells to control and contain damage and promote repair of macromolecules; 2) control cellular energetics; 3) regulate cell proliferation and 
control genomic stability of the vascular cells; 4) limit the response and proliferation of the cellular elements that get triggered after initiation 
of injury pathways, and; 5) promote healing after the occurrence of remodeling. 

An increase in intimal and medial thickness has been recognized as the cornerstone of vascular stiffness. Apart from the structural changes, 
early endothelial dysfunction also contributes to aging due to loss of compensatory mechanisms. Multiple medications already used for 
cardiovascular diseases have an impact on pathways that promote vascular aging. Nitrates and hydralazine act through the nitroso-oxidative 
pathway and hence can decrease oxidative stress which has been shown to promote changes of aging. Angiotensin receptor plays an 
important role in stimulation of aging process in the vasculature and hence inhibition with receptor blockers decreases the impact on 
vascular stiffness. Similarly, due to cross talk, aldosterone and beta-blockers could have a similar benefit. 

Discovery of cellular mechanisms unique to aging have created a potential for more specific therapies. Telomere shortening has been well 
characterized as a predisposition of aging and repair systems to extend telomers during replication limit cell senescence. Statins have 
been shown to affect accelerated DNA repair utilizing the Nijmegen breakage syndrome-1 dependent pathway. Calorie restriction promotes 
deceleration of the aging process and a conserved family of proteins named Sirtuins function as NAD+dependent deacetylases. Resveratrol 
has been shown to activate Sirtuin-I and promote an anti-inflammatory milieu to decrease the impact of aging. Glycation products both in 
diabetics and in regular aging promote dysfunctional proteins and hence cause maladaptation. Certain medications like ALT-711 have been 
shown to break these glycation links and decelerate aging. Metalloproteinase-2 has an established role in arterial stiffness and discoveries to 
identify a MMP inhibition shows promise in reducing vascular aging.

Apart from pharmacological interventions as detailed above, the identification of key genes in the aging process combined with innovations 
in gene therapy in cardiovascular medicine hold promise for a new era of utilization of viral vectors as therapeutic interventions to modulate 
genes. Also, nano-delivery mechanisms show similar promise for both drug and gene delivery to modulate the vascular aging process in a 
targeted manner.
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Oral Platform Presentations

1. CARDIOVASCULAR RISK FACTORS (CVRF) IN SURVIVORS OF CHILDHOOD STEM CELL TRANSPLANTATION (SCT) TREATED WITH 
TOTAL BODY IRRADIATION (TBI): A LONGITUDINAL ANALYSIS Danielle N. Friedman, MD1 Chaya S. Moskowitz, PhD,2 Patrick Hilden, MS,2 

Maya Suzuki, MD,1 Suzanne Wolden, MD,3 Farid Boulad, MD,1 Nancy Kernan, MD,1 Kevin C. Oeffinger, MD,1,4 Charles A. Sklar, MD1 
1Department of Pediatrics, 2Department of Epidemiology and Biostatistics, 3Department of Radiation Oncology, 4Department of Medicine, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA

Purpose: SCT survivors treated with TBI are known to be at increased risk for the development of CVRF. We sought to characterize the 
incidence of CVRF and describe prognostic indicators of their development. 

Methods: Retrospective analysis of CVRF in 1-year survivors of leukemia or lymphoma treated with TBI at Memorial Sloan Kettering from 
April 1987 – May 2011. Eligible participants were ≤ 21 years of age at TBI. Survivors were assessed for obesity (body mass index [BMI] 
≥ 95th% for ages ≤ 20 and ≥ 30 kg/m2 for ages > 20 years), hypertension, dyslipidemia (elevated triglycerides [TG], low high-density 
lipoprotein [HDL]), and glucose intolerance (defined as fasting glucose ≥ 100 mg/dl); those with ≥ 3 risk factors were deemed to have a CVRF 
cluster, a surrogate for metabolic syndrome. Cox regression models were used to estimate hazard ratios (HRs) evaluating factors associated 
with each CVRF.

Results: 122 survivors were evaluated (62.3% male). Median age at TBI was 11.8 years (range 1.6 – 21.9); median followup was 8.6 years 
(1.0 – 24.6); median age at last followup was 20.6 years (4.0 – 41.3). For all CVRF, except obesity, the cumulative incidence increased 1.8 
– 3.2-fold from 5 to 10 years, with 5- and 10-year cumulative incidence estimates (with 95% Confidence Interval [CI]) listed in Table 1. The 
cumulative incidence of CVRF cluster rose from 12.4% (6.9 – 19.6) at 5 years to 30.6% (20.6 – 41.0) at 10 years. In multivariate analysis, 
age at TBI (HR 0.9; 95% CI, 0.78 – 0.99, per 5 year increment) and growth hormone (GH) deficiency (HR 3.8; 95% CI, 1.3 – 10.5) were 
associated with risk of developing CVRF cluster.

Conclusion: SCT survivors treated with TBI have an increased risk of developing hypertension, dyslipidemia, glucose intolerance, and CVRF 
cluster over time. GH deficiency and younger age at TBI are associated with CVRF cluster.
Table 1. Five- and ten-year cumulative incidence of cardiovascular risk factors in 122 childhood SCT survivors treated with TBI

Cardiovascular risk factor 
(CVRF)

N
5-year cumulative incidence, 

(95% CI)
10-year cumulative incidence, 

(95% CI)

Obesity 122  23.4 (16.2, 31.4) 26.1 (18.3, 34.6)

Hypertension 119 16.3 (9.9, 24.1) 30.0 (20.4, 40.2)

Glucose Intolerance 120 10.5 (5.5,17.4) 33.5 (22.9, 44.4)

Low HDL 117  27.8 (19.8, 36.4) 54.2 (43.1, 64.0)

Elevated Triglycerides 117  26.1 (17.9, 34.9) 47.2 (36.0, 57.6)

CVRF Cluster 122 12.4 (6.9, 19.6) 30.6 (20.6, 41.0)
Abbreviation: CI=confidence interval

2. ELECTROCARDIOGRAPHIC ABNORMALITIES IN AGING SURVIVORS OF CHILDHOOD CANCER: A REPORT FROM THE ST. JUDE 
LIFETIME (SJLIFE) COHORT STUDY Daniel A. Mulrooney, MD, MS, Elsayed Z. Soliman, MD, MSc, MS, Gregory T. Armstrong, MD MSCE, 
Vijaya M. Joshi, MD, Daniel M. Green, MD, Kumar Srivastava, PhD, Matthew T. Krasin, MD, Russell V. Luepker, MD, MS, Leslie L. Robison, PhD, 
Melissa M. Hudson, MD, Kirsten K. Ness, PhD

St. Jude Children’s Research Hospital, University of Tennessee Health Science Center, Memphis, TN, USA; Wake Forest University,  
Winston-Salem, NC, USA; University of Minnesota, Minneapolis, MN, USA 

Purpose: Electrocardiographic (ECG) abnormalities predict poor cardiovascular outcomes and provide a simple tool for risk assessment. We 
evaluated prevalence and determinants of ECG abnormalities among adult childhood cancer survivors (CCS). 

Methods: This analysis included 2,631 participants of the SJLIFE cohort (51% male, mean age 8.3±5.6 years at diagnosis; 32.4±8.3 years 
at evaluation). ECGs were recorded using standardized methods and centrally reviewed at an ECG core laboratory blinded to medical history. 
Major and minor abnormalities were classified per the Minnesota ECG Code. Frequencies were assessed and multivariable logistic regression 
used to estimate odd ratios (OR) and 95% confidence intervals (CI) for patient and treatment characteristics. 

Results: At least one abnormality was identified in 68.9% of participants, 10.8% major, 58.1% minor. The most common major abnormalities 
were major isolated ST-T abnormalities (7.3%), evidence of myocardial infarction (3.7%), and left ventricular hypertrophy with strain pattern 
(2.8%). Highest frequencies were among Hodgkin lymphoma (21%), Wilms tumor (15.6%), and sarcoma (11.4%) survivors. 
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Frequencies of major and minor abnormalities by treatment were: cardiac radiation (RT) 21.7% and 53.7%; anthracyclines 7.6% and 52.6%; 
and cardiac RT+anthracylines 17.6% and 55.6%. Risks for major and minor abnormalities are shown (Table).

Major Minor*
OR (95% CI) OR (95% CI)

Gender
  Male 1.3 (0.9-1.8) 1.6 (1.3-2.0)
Age at diagnosis
  ≤ 4 years 1.9 (1.1 – 3.3) 1.0 (0.7 – 1.5)
  5 – 9 years 1.3 (0.7 – 2.3) 1.0 (0.7 – 1.5)
  10 – 14 years 1.5 (0.9 – 2.5) 1.0 (0.7 – 1.5)
  ≥ 15 years    1.0  1.0
Anthracycline (mg/m2)
  1 – 300 1.2 (0.8 – 1.9) 1.0 (0.7 – 1.3)
  ≥ 300 1.8 (1.1 – 3.0) 1.2 (0.9 – 1.9)
  None  1.0  1.0
Cardiac RT (cGy) 
  50 – 1999 2.0 (1.3 – 3.1) 2.0 (1.5 – 2.8)
  2000 – 2999 3.5 (2.1 – 5.8) 2.3 (1.5 – 3.6)
  ≥3000 16.3 (8.8 – 30.2) 10.1 (2.4 – 43.6)
  None/scatter dose <50  1.0  1.0
*Excludes survivors with major abnormalities

Conclusions: ECG abnormalities are common among CCS; over two-thirds had at least one abnormality, suggesting a high risk for 
cardiovascular disease. The risk increases with increasing cardiac radiation doses and high dose anthracycline exposure. 

3. A RADIATION DOSE-RESPONSE RELATIONSHIP FOR RISK OF CORONARY HEART DISEASE IN SURVIVORS OF HODGKIN 
LYMPHOMA: A CASE-CONTROL STUDY Frederika A. van Nimwegen, MSc1, Michael Schaapveld, PhD1,2, David J. Cutter, MD DPhil3,4, Karen 
Kooijman, MSc1, Petronella J. Lugtenburg, MD, PhD5, Augustinus D.G. Krol, MD, PhD6, Judith Roesink, MD, PhD7, Richard van der Maazen, MD, 
PhD8, Sarah C. Darby, PhD3, Berthe M.P. Aleman, MD, PhD9, and Flora E. van Leeuwen, PhD1

1Department of Epidemiology, The Netherlands Cancer Institute, Amsterdam, The Netherlands; 2Comprehensive Cancer Centre the 
Netherlands, Amsterdam, The Netherlands; 3Clinical Trial Service Unit, University of Oxford, Oxford, UK; 4Oxford Cancer Centre, Oxford 
University Hospitals NHS Trust, Oxford, UK; 5Department of Hematology, Erasmus MC Cancer Institute, Rotterdam, The Netherlands; 
6Department of Clinical Oncology, Leiden University Medical Center, Leiden, The Netherlands; 7Department of Hematology, University Medical 
Center Utrecht, Utrecht, The Netherlands; 8Department of Hematology, Radboud University Medical Center, Nijmegen, The Netherlands; 
9Department of Radiation Oncology, The Netherlands Cancer Institute, Amsterdam, The Netherlands

Background: Hodgkin lymphoma (HL) treatment causes excess cardiovascular morbidity and mortality in long-term survivors. We aimed to 
identify risk factors for coronary heart disease (CHD), in particular to assess the cardiac radiation dose-response relationship and to quantify 
separate and joint effects of radiation dose, chemotherapy and established cardiovascular risk factors. 

Methods: A nested case-control study was conducted in a cohort including 5-year HL survivors, treated in the Netherlands between ages 
5-50 years in the period 1965-1995 (n=2617). Cases with CHD as first cardiovascular event were matched to controls on sex, age and date 
of HL diagnosis. Radiation charts and simulation films were used to estimate mean heart dose (MHD). 

Results: The study included 341 cases (95 under age 26 at HL) and 999 matched controls. Preliminary analyses show that patients treated 
with mediastinal radiotherapy had a 3.1-fold increased risk of developing CHD (95%CI: 1.8-5.5). Patients treated with mediastinal RT before 
age 26 had a 6.8-fold increased risk of developing CHD (95%CI: 1.6-29.9). Preliminary radiation dosimetry analyses were based on 166 
cases. For MHDs of <20, 20-25, 25-30, and ≥30 Gy, CHD risks increased by factors of 0.9, 1.9, 2.4 and 2.1, respectively (ptrend: 0.009). 
Findings regarding the precise shape of the dose-response curve will be available in May. Irradiated heart volume (IrHV) was more important 
than prescribed dose: for IrHVs of <60%, 60-69%, 70-79% and ≥80%, adjusted CHD risks increased by factors of 1.5, 1.8, 2.8 and 4.0, 
respectively (ptrend: 0.002). Obesity (OR: 2.0, 95%CI: 1.03-3.9) and hypercholesterolemia (OR: 3.1, 95%CI: 1.8-5.5) at end of follow-up were 
independently associated with increased CHD risk, but did not modify the effect of MHD. 

Conclusions: Risk of CHD increases with increasing MHD. IrHV seemed to be more important than prescribed dose. The effect of MHD was 
not modified by cardiovascular disease risk factors.
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4. TREATMENT-SPECIFIC RISKS OF SECOND MALIGNANCY AND CARDIOVASCULAR DISEASE IN 5-YEAR HODGKIN LYMPHOMA 
SURVIVORS Simone de Vries, MSc1, Frederika A. van Nimwegen, MSc1, Michael Schaapveld, PhD1, Pieternella J. Lugtenburg, MD, PhD2, 
Augustinus D.G. Krol, MD, PhD3, Judith M. Roesink, MD, PhD4, John M.M. Raemaekers5, Berthe M.P. Aleman, MD, PhD1, Flora E. van Leeuwen, PhD1

1The Netherlands Cancer Institute, Amsterdam, The Netherlands; 2Erasmus University Medical Center, Rotterdam, The Netherlands; 3Leiden 
University Medical Center, Leiden, The Netherlands; 4University Medical Center Utrecht, Utrecht, The Netherlands; 5Radboud University 
Medical Center, Nijmegen, The Netherlands

Purpose: Hodgkin lymphoma (HL) survivors are at increased risk to develop late treatment-related complications, including second 
malignant neoplasms (SMNs) and cardiovascular disease (CVD). 

Methods: We assessed the combined risk of developing SMN and/or CVD in a multicenter cohort comprising 1,127 5-year HL survivors, 
treated before age 26 between 1965 and 1995. CVD endpoints were assessed through general practitioners. Data on SMN were derived from 
linkage with the Netherlands Cancer Registry. Standardized incidence ratios (SIRs) were estimated to compare SMN and CVD risk with the 
general population. Cumulative incidences of SMN and/or CVD were calculated with death from other causes as competing risk. Treatment-
specific risks of developing SMN and/or CVD were quantified using multivariable Cox regression analysis. 

Results: After a median follow-up of 24 years, we identified 359 SMNs and 552 CVDs. 515 patients developed ≥1 major event, of whom 
103 developed both SMN and CVD. HL survivors had a 8.7-fold increased SIR of any SMN (95%CI:7.8-9.8), compared to the general 
population, corresponding to 126 excess cases/10,000 person-years. The SIRs of coronary heart disease and heart failure were 5.9 and 
22.5, respectively (95%CI:5.1-6.9 and 18.3-27.3), resulting in 73 and 55 excess cases/10,000 person-years. After 40 years, at a median 
attained age of 59.4 years, the cumulative incidence of SMN or CVD was 71.6% (95%CI:67.5-75.4), whereas 20.5% (95%CI:19.8-25.3) of 
patients had developed both events. Both supradiaphragmatic RT (Hazard Ratio [HR]:4.2, 95%CI:2.7-6.8) and anthracycline-containing CT 
(HR:1.7, 95%CI:1.3-2.2) independently increased the risk of SMN and/or CVD. Supradiaphragmatic RT and anthracycline-containing CT were 
associated with strongly increased risks (HR:8.2, 95%CI:2.7-6.8; HR:2.0, 95%CI:1.0-4.0, respectively) of developing both SMN and CVD. 

Conclusions: HL survivors experience a high disease burden during follow-up, with the cumulative incidence of SMN and/or CVD rising to 
72% after 40 years from initial treatment. Supradiaphragmatic RT most strongly increased this risk.

5. EQUIVALENCE RATIO FOR DAUNORUBICIN TO DOXORUBICIN IN RELATION TO LATE HEART FAILURE Elizabeth A.M. Feijen, MS1, 
Wendy Leisenring, ScD2, Kayla L. Stratton, MS2, Kirsten K. Ness, PhD3, Helena J.H. Van der Pal, MD, PhD1,4, Huib N. Caron, MD, PhD1,  
Gregory T. Armstrong, MD, MSCE3, Daniel M. Green, MD3, Melissa M. Hudson, MD3, Kevin C. Oeffinger, MD5, Leslie L. Robison, PhD2,  
Marilyn Stovall, PhD6, Leontien C.M. Kremer, MD, PhD1, Eric J. Chow, MD, MPH2

1Emma Children’s Hospital / Academic Medical Center, Amsterdam, The Netherlands; 2Fred Hutchinson Cancer Research Center, Seattle, WA, 
USA; 3St. Jude Children’s Research Hospital, Memphis, TN, USA; 4Academic Medical Center, Amsterdam, The Netherlands; 5Memorial Sloan 
Kettering Cancer Center, New York, NY, USA; 6University of Texas, MD Anderson Cancer Center, Houston, TX, USA

Purpose: Based on hematologic toxicity data, the anthracycline dose equivalence ratio between daunorubicin and doxorubicin has typically 
been assumed to be 1:1. However, there is no consensus on an optimal equivalence ratio with respect to cardiac toxicity among childhood 
cancer survivors. We sought to determine the optimal equivalence ratio for daunorubicin to doxorubicin based on the risk of clinical heart 
failure (HF) in this population.

Patients and methods: Data from 15,815 survivors in four childhood cancer survivor cohorts were used: Emma Children’s Hospital/
Academic Medical Center (n=1,349), the National Wilms Tumor Study (n=365), the St. Jude Lifetime Cohort Study (n=1,695), and the 
Childhood Cancer Survivor Study (n=12,407). The hazard ratio (HR) for clinical HF through age 40 years for dauno- and doxorubicin doses 
(per 100 mg/m2 increments) was estimated using Cox regression, adjusted for gender, age at diagnosis, treatment with any of other 
anthracycline agents, chest radiation, and cohort membership. 

Results: The pooled study population had a median follow-up time of 17.3 years (range 0-35.0) since cohort entry. In total, 5,144 (32.5%) 
patients received doxorubicin while 2,243 (14.7%) patients received daunorubicin. Based on 271 HF cases, the cumulative incidence of HF 
at age 40 for the entire pooled cohort was 3.2% (95% Confidence Interval [CI] 2.8-3.7%). The average equivalence ratio of daunorubicin to 
doxorubicin HRs in increments of 100 mg/m2 was 0.45 (95% CI 0.23-0.73). A similar equivalence ratio was obtained when the association 
between each agent and HF was modeled using a linear dose-response model, 0.49 (95% CI 0.28-0.70).

Conclusion: Compared with doxorubicin, daunorubicin appeared substantially less cardiotoxic among childhood cancer survivors than most 
current guidelines suggest. This may have implications for follow-up guidelines. Assuming similar cancer therapeutic efficacy, the feasibility 
of substituting doxorubicin with less cardiotoxic daunorubicin in childhood cancer treatment protocols should be investigated further. 
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6. CELF4 VARIANT AND ANTHRACYCLINE-RELATED CARDIOMYOPATHY (ANTH-CARD) – A COG STUDY (ALTE03N1)
Xuexia Wang, PhD1, Can-Lan Sun, PhD2, Adolfo Quiñones-Lombraña, PhD3, Purnima Singh, PhD4, Wendy Landier, PhD, RN, NP4, Lindsey 
Hageman2, Molly Mather2, Lu Chen, PhD5, Saro H. Armenian, DO, MPH2, Naomi Winick, MD6, Jill P. Ginsberg, MD7, Joseph P. Neglia, MD, MPH8, 
Kevin C. Oeffinger, MD9, Sharon M. Castellino, MD10, Zoann Dreyer, MD11, Melissa M. Hudson, MD12, Leslie L. Robison, PhD12, Javier G. Blanco, 
PhD3, Smita Bhatia, MD, MPH4

1University of Wisconsin-Milwaukee, Milwaukee, WI, USA; 2City of Hope National Medical Center, Duarte, CA, USA; 3State University of New 
York at Buffalo, Buffalo, NY, USA; 4University of Alabama at Birmingham, Birmingham, AL, USA; 5Children’s Oncology Group, Arcadia, CA, USA; 
6University of Texas Southwestern Medical Center, Dallas, TX, USA; 7Childrens Hospital of Philadelphia, Philadelphia, PA, USA; 8University of 
Minnesota, Minneapolis, MN, USA; 9Memorial Sloan Kettering Cancer Center, New York, NY, USA; 10Wake Forest University, Winston Salem, NC, 
USA; 11Texas Children’s Hospital, Houston, TX, USA; 12St. Jude Children’s Research Hospital, Memphis, TN, USA 

Purpose: To identify genetic variants that could modify anth-card risk and facilitate targeted interventions. 

Methods: Discovery: Case-control approach used to conduct GWAS in non-Hispanic white (>90% Europeans: Multidimensional Scale) 
childhood cancer survivors (CCS). Anth-card cases: n=112; median ejection fraction (EF): 44%; age at ca dx: 7.5y; anth dose: 319 mg/m2. 
Ca controls: n=219; EF: 65%; age ca dx: 7.9y; anth: 180mg/m2 matched on ca dx, age at ca dx, year ca dx, time from ca dx. 2-step method 
used to detect anth dose-SNP interaction (Genet Epidemiol, 2012; 36:183). Replication: Case-only design used in 54 CCS with anth-card (EF: 
41%; all race/ethnicity; age at ca dx: 7.6y; anth: 300 mg/m2). Functional analyses conducted. 

Results: Discovery: No SNP was marginally associated with anth-card at GW level. 2-step GxE: Step 1: Top 1000 SNPs with modest main 
effect retained; 643 independent tests estimated after LD-based SNP pruning. Step 2: GxE interactions tested between SNPs retained in 
Step1 (P=0.05/643independent tests=7.77x10-5). SNP rs1786814 on CELF4 gene passed significance cut-off (P_ge=1.14x10-5) (Figure1). 
(MAFcontrol: 0.249; minor allele: A). Multivariable analyses adjusted for anth dose, sex, chest RT: in CCS with AA genotype, anth-card was 
rare at all anth doses; in CCS with anth >300mg/m2, GG genotype conferred 5.4-fold (95%CI, 1.8-16.2, P=0.003) increased anth-card risk 
compared to AA/GA. Replication: GG genotype in anth >300mg/m2: OR=5.1, 95%CI 1.0-25.2, P=0.046; ref: AA/GA. Functional analysis: CELF 
is implicated in alternative splicing of cardiac troponin T (cTnT) - a myocardial injury biomarker; >1 cTnT variants results in temporally split 
myofilament response to Ca2+, and decreased contractility (seen in dilated cardiomyopathy) (Circ Res, 1995;76:681-6). DNA from 33 healthy 
non-anth-exposed hearts genotyped for rs1786814; RNA splice isoforms measured (RT-PCR), and verified (DNA sequencing). Coexistence of 
embryonic and adult cTnT (n=23) more likely in GG hearts (GG: 78%; GA: 22%; AA: 0%, P=0.016). 

Conclusion: We report a modifying effect of an intronic polymorphism of CELF4 (rs1786814) on dose-dependent anth-card risk, possibly 
through accumulation of >1 form of cTnT protein. 

Figure 1.
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7. INCIDENCE OF SYMPTOMATIC CARDIAC CHRONIC HEALTH CONDITIONS AND ASSOCIATED RISK FACTORS IN A NATWIONWIDE 
DUTCH COHORT OF 5-YEAR CHILDHOOD CANCER SURVIVORS; A DCOG LATER STUDY Elizabeth (Lieke) AM Feijen, MSc1, Anna Font-
Gonzalez, MSc1, Helena JH Van der Pal, MD, PhD1,2, Wouter EM Kok, MD, PhD2, Cécile M Ronckers, PhD1, Nynke Hollema, MSc3, Dorine 
Bresters, MD, PhD4, Eline van Dulmen-den Broeder, PhD5, Jacqueline Loonen, MD, PhD6, Marry van den Heuvel-Eibrink, MD, PhD7, Alijda 
Postma, MD, PhD8, Birgitta Versluys, MD, PhD9, Sebastiaan Neggers, MD, PhD7, Wil Dolsma, MD, PhD8, Lideke van der Steeg, MD, PhD1, Flora 
van Leeuwen, PhD10, Jaap den Hartogh, MA11, Monique Jaspers, PhD2, Annelies Marvincurve-Groothuis, MD, PhD6, Elvira C van Dalen, MD, 
PhD1, Martha Grootenhuis, Prof1, Huib N Caron, MD, PhD1, Wim JE Tissing, MD, PhD8, Leontien CM Kremer, MD, PhD1, on behalf of the DCOG 
LATER consortium
1Emma Children’s Hospital / Academic Medical Center, Amsterdam, The Netherlands; 2Academic Medical Center, Amsterdam, The 
Netherlands; 3DCOG LATER Central bureau, SKION, Den Haag, The Netherlands; 4Leiden University Medical Center, Leiden,The Netherlands; 
5Vrije Universitity Medical Center, Amsterdam,The Netherlands; 6Radboud University Nijmegen Medical Center, Nijmegen,The Netherlands; 
7Erasmus Medical Center / Sophia Children’s Hospital, Rotterdam,The Netherlands; 8University of Groningen, University Medical Center 
Groningen, Groningen, the Netherlands; 9University Medical Center Utrecht, Utrecht, The Netherlands; 10Netherlands Cancer Institute, 
Amsterdam, The Netherlands; 11Association for Parents, Children and Cancer, VOKK, Nieuwegein, The Netherlands

Purpose: To determine in a large cohort study of childhood cancer survivors (CCS) the incidence of and associated risk factors for validated 
symptomatic cardiac events (CEs), after childhood cancer treatment. 

Patients and Methods: The DCOG LATER cohort includes 6,168 five-year CCS treated between 1/1/1963 and 12/31/2001 in one of the 
seven Dutch pediatric oncology/hematology centers before age 18 years. We identified CEs grade 3 or higher: heart failure, cardiac ischemia, 
pericarditis, valvular disease and arrhythmia (according to the Common Terminology Criteria for Adverse Events) by questionnaires or by 
reviewing medical records. Reported CEs were subsequently validated with information from medical records or from the treating physician. We 
used a competing risk analysis to calculate the cumulative incidence of the CEs, and a Cox regression model to evaluate potential risk factors. 

Preliminary results: Thus far, we collected cardiac information of n=5,307 (86%) CCS. The overall cumulative incidence of the first 
occurring CE at the attained age of 40 years was 6.4% (95% Confidence Interval (CI) 5.3%-7.7%). Significant risk factors for the first 
occurring CE were treatment with doxorubicin (Hazard ratio (HR): 2.8; 95% CI 1.9-4.2), epirubicin (HR: 2.1; 95% CI 1.1-4.1), mitoxantrone 
(HR: 4.9; 95% CI 2.7-9.1), cyclophosphamide (HR: 1.7; 95% CI 1.1-2.5) and chest radiotherapy (HR: 2.4; 95% CI 1.7-3.3). 

Conclusion: CCS are at high risk of developing CEs, even at a young age. Especially after treatment with anthracyclines and/or chest 
radiation, and also after mitoxantrone or cyclophosphamide. Health care professionals need to consider these findings when treating new 
childhood cancer patients and during follow-up care of CCS.

8. RISK AND IMPACT OF PULMONARY COMPLICATIONS IN SURVIVORS OF CHILDHOOD CANCER: A REPORT FROM THE CHILDHOOD 
CANCER SURVIVOR STUDY (CCSS) Andrew C. Dietz, MD, MS1; Yan Chen, MMath2; Kirsten K. Ness, PhD3; James S. Hagood, MD4; Eric J. 
Chow, MD, MPH5; Yutaka Yasui, PhD2; Marilyn Stovall, PhD6; Joseph P. Neglia, MD, MPH7; Kevin C. Oeffinger, MD, MD8; Ann C. Mertens, PhD9; 
Leslie L. Robison, PhD3; Gregory T. Armstrong, MD, MSCE3; Daniel A. Mulrooney, MD, MS3,10

1University of Utah & Primary Children’s Hospital, Salt Lake City, UT, USA; 2University of Alberta, Edmonton, AB, Canada; 3St. Jude Children’s 
Research Hospital, Memphis, TN, USA; 4University of California San Diego & Rady Children’s Hospital, San Diego, CA, USA; 5Seattle Children’s 
Hospital & University of Washington, Seattle, WA, USA; 6MD Anderson Cancer Center, Houston, TX, USA; 7University of Minnesota, Minneapolis, 
MN, USA; 8Memorial Sloan Kettering Cancer Center, New York, NY, USA; 9Emory University, Children’s Hospital of Atlanta, Atlanta, GA, USA; 
10University of Tennessee Health Science Center, Memphis, TN, USA

Purpose: Pulmonary complications following cancer therapy have been documented. However, condition-specific risks compared to a non-
cancer population and long-term impact on ability to participate in daily activities have not been well described.

Methods: Analysis included 12,703 five-year childhood cancer survivors (53% male, median age 7 years [range: 0-21] at diagnosis, 33 
years [6-59] at last follow-up), diagnosed <21 years of age between 1970-1986. Self-reported pulmonary outcomes (asthma, bronchitis, 
chronic cough, emphysema, oxygen need, fibrosis, pleurisy, recurrent pneumonia) were compared to sibling controls (N=4,027) using 
Poisson regression to estimate rate ratios (RR) and 95% confidence intervals (CI) adjusted for attained age, sex, race, body mass index, 
congestive heart failure, and smoking. Logistic mixed effect model was used to estimate associations (odds ratios, ORs) between pulmonary 
outcomes and daily physical activities (including walk one block, carry groceries, climb stairs). 

Results: Cumulative incidence of any pulmonary condition in survivors by age 45 was 85.9% (95% CI 85.5-86.2). Compared to siblings, 
survivors were more likely to report chronic cough (RR 1.6, 95% CI 1.4-1.9), oxygen need (RR 1.8, 95% CI 1.5-2.2), fibrosis (RR 3.5, 95% 
CI 2.3-5.4), and recurrent pneumonia (RR 2.1, 95% CI 1.4-3.1), though fewer ever smoked (24.2% vs. 36.4%, p<0.001). Lung cancer was 
reported in 17 (0.1%) with a standardized incidence ratio of 4.0 (95% CI 2.3-6.4). The standardized mortality ratio due to a pulmonary 
condition was 9.1 (95% CI 7.7-11.0) and significantly associated with lung radiation. Survivors with each pulmonary condition, except 
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emphysema, were more likely to have activity limitations compared to survivors without that pulmonary condition. Impact of pulmonary 
conditions on activity limitation was greater in survivors than siblings for chronic cough (OR 7.8 vs. 2.7, p=0.02), oxygen need (OR 11.3 vs. 
3.0, p=0.006), and recurrent pneumonia (OR 18.6 vs. 1.3, p=0.02). 

Conclusion: Pulmonary complications are substantial among cancer survivors, significantly impacting daily activities and increasing risk of death.

9. TEMPORAL CHANGES IN TREATMENT EXPOSURES IN THE CHILDHOOD CANCER SURVIVOR STUDY (CCSS) Wendy M. Leisenring, 
ScD1, John Whitton, MS1, Joseph P. Neglia, MD2, Daniel M. Green, MD3, Todd Gibson, PhD3, Marilyn Stovall, PhD4, Melissa M. Hudson, MD3, 
Leslie L. Robison, PhD3, Gregory T. Armstrong, MD, MSCE3, Yutaka Yasui, PhD5, Ann C. Mertens, PhD6

1Fred Hutchinson Cancer Research Center, Seattle, WA, USA; 2University of Minnesota, Minneapolis, MN, USA; 3St. Jude Children’s Research 
Hospital, Memphis, TN, USA; 4University of Texas MD Anderson Cancer Center, Houston, TX, USA; 5University of Alberta, Edmonton, AB, 
Canada; 6Emory University, Atlanta, GA, USA

Background: Well-designed epidemiologic investigations of pediatric cancer survivors inform clinical practice guidelines and future clinical 
trials. Expansion of the CCSS cohort to include survivors diagnosed across three decades (1970-99) affords the opportunity to evaluate 
associations between key temporal changes in survivor treatment characteristics and risk for adverse health outcomes. 

Methods: We summarized changes in cancer and treatment characteristics of 24,000 CCSS participants. Treatment exposures were 
abstracted from medical records. Trends across 5 year intervals were evaluated using logistic regression models with weights to account for 
sampling probabilities. 

Results: Within the expanded CCSS, use of chemotherapy significantly increased overall (Table, T1-T6) and for each diagnosis except 
leukemia which was always 100%. Exposure to radiation (RT) decreased overall and for each diagnosis except soft tissue sarcoma. Overall, 
chest RT exposure was reduced and notably, exposures of ≥ 30 Gy declined from 85% to 6% (T1 to T6) for Hodgkin lymphoma. Use of 
anthracyclines (ANT) increased significantly, predominantly for doses lower than 250 mg/m2.

% With Exposure

T1
1970-74

T2
1975-79

T3
1980-84

T4
1985-89

T5
1990-94

T6
1995-99

Any RT* 79 75 64 50 40 34

 RT to brain* 30 36 32 24 18 16

 RT to abdomen* 28 22 19 12 8 9

 RT to chest ≥ 30 Gy* 21 13 8 4 1 1

Any Chemotherapy* 75 81 81 85 86 87

 ANT 1-250 mg/m2* 3 12 18 34 45 52

 ANT >250 mg/m2* 11 24 24 23 17 14

 Any epipodophyllotoxins* 1 4 9 25 34 36
*Trend p-value <0.0001      

Conclusions: The expansion of the CCSS cohort provides a unique resource to evaluate the impact of historical changes in primary cancer 
therapy, including reduction of therapeutic intensity for low- and standard-risk populations as well as intensification of specific therapies for 
high-risk populations, on health and psychosocial outcomes.

10. REDUCTION IN LATE MORTALITY AMONG FIVE-YEAR SURVIVORS OF CHILDHOOD CANCER: A REPORT FROM THE CHILDHOOD 
CANCER SURVIVOR STUDY (CCSS) Gregory T. Armstrong, MD, MSCE1, Yutaka Yasui2, Yan Chen2, Wendy Leisenring3, Todd M. Gibson1, Ann 
Mertens, PhD4, Marilyn Stovall, PhD5, Melissa M. Hudson, MD1, Kevin C. Oeffinger, MD6, Smita Bhatia7, Kevin Krull1, Paul C. Nathan, MD, MSc8, 
Joe Neglia, MD9, Daniel Green, MD1, Leslie L. Robison, PhD1

1St. Jude Children’s Research Hospital, Memphis, TN, USA; 2University of Alberta, Edmonton, Alberta, Canada; 3Fred Hutchison Cancer 
Research Center, Seattle, WA, USA; 4Emory University, Atlanta, GA, USA; 5The University of Texas MD Anderson Cancer Center, Houston, TX, 
USA; 6Departments of Pediatrics and Medicine, Memorial Sloan-Kettering Center, New York, NY, USA; 7The University of Alabama School of 
Medicine, Birmingham, AL, USA; 8The Hospital for Sick Children, Toronto, Ontario, Canada; 9The University of Minnesota, Minneapolis, MN, USA

Background: Over the past four decades, treatment of many childhood cancers has been modified with the aim of achieving high survival 
rates while reducing the risk of life-threatening late-effects, and promoting risk-based follow-up care of survivors. 

Methods: Late mortality was evaluated in 34,033 5-year survivors (diagnosed <21 years of age from 1970-1999, median follow-up 21 
years, range 5-38) using cumulative incidence and Poisson regression. Mortality due to non-recurrence/non-external (NR/NE) causes, which 
includes deaths that reflect late-effects of cancer therapy, was evaluated.
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Results: 1,622 (41%) of the 3,958 deaths were attributable to NR/NE causes, including 751 subsequent neoplasm (SN), 243 cardiac, and 
136 pulmonary deaths. Changes in therapy by decade included reduced rates of: cranial radiotherapy (RT) for acute lymphoblastic leukemia 
(ALL, 86%, 54%, 22%), RT for Wilms tumor (WT, 77%, 54%, 49%) and RT for Hodgkin lymphoma (HL, 96%, 88%, 77%).

Cumulative incidence (%) of death at 15 years from diagnosis:

Treatment era All-Cause NR/NE Causes SN Cardiac Pulmonary

1970-74 12.4 3.5 1.8 .05 0.4

1975-79 9.7 2.8 1.5 0.4 0.2

1980-84 8.8 2.7 1.4 0.3 0.3

1985-89 6.9 2.2 1.3 0.2 0.2

1990-94 6.0 2.1 1.0 0.1 0.1

P-value <0.001 <0.001 <0.001 0.001 0.02

Reductions in 15 year cumulative NR/NE mortality were observed across treatment eras for ALL (p<.001), HL (p=.005), and WT (p=.005). 
Cardiac deaths decreased in ALL (p=.002), HL (p=.06), and WT (p=.04), and SN deaths decreased in WT (p<.001). Year of diagnosis (adjusted 
for age, sex, diagnosis, follow-up time) was significantly associated with a reduced risk of all-cause mortality (RR=0.85, CI 0.83-0.87) and 
NR/NE death (RR= 0.87, CI 0.84-0.91).

Conclusion: The CCSS cohort provides evidence that the strategy of modifying therapy to reduce the occurrence of late-effects, and 
promotion of early detection, is successfully translating into a significant reduction in observed late mortality. 

11. MORBIDITY AND MORTALITY ASSOCIATED WITH SUBSEQUENT MENINGIOMAS AMONG CHILDHOOD CANCER SURVIVORS 
EXPOSED TO CRANIAL RADIOTHERAPY: A REPORT FROM THE CHILDHOOD CANCER SURVIVOR STUDY (CCSS) Daniel C. Bowers, MD1, 
Chaya S. Moskowitz, PhD2, Joanne F. Chou, MPH2, Claire M. Mazewski, MD3, Joseph P. Neglia, MD, MPH4, Gregory T. Armstrong, MD, MSCE5, 
Wendy M. Leisenring, ScD6, Leslie L. Robison, PhD5, Kevin C. Oeffinger, MD2

1UT Southwestern Medical Center, Dallas, TX, USA; 2Memorial Sloan Kettering Cancer Center, New York, NY, USA; 3Children’s Healthcare of 
Atlanta, Atlanta, GA, USA; 4University of Minnesota, Minneapolis, MN, USA; 5St. Jude Children’s Research Hospital, Memphis, TN, USA; 6Fred 
Hutchinson Cancer Research Center, Seattle, WA, USA

Background: Survivors of childhood cancer who were exposed to cranial radiotherapy (CRT) are at increased risk of subsequent 
meningiomas. However, incidence rates, neurological sequelae and impact on mortality are not well defined.

Methods: Among 4221 survivors exposed to CRT, subsequent meningiomas were self-reported and confirmed by pathology, medical records 
or death certificate. Age of onset of specific neurologic conditions was self-reported and proxy-reported. Standardized incidence ratios (SIRs) 
and absolute excess risk (AER) were estimated using expected age-, gender-, and calendar-year specific rates from SEER. Hazard ratios 
(HRs) for neurological sequelae and mortality were estimated using Cox proportional regression. 

Results: 199 meningiomas were identified among 169 survivors. The median age at meningioma diagnosis was 28 years (range, 7 – 50 
years); median age at last follow-up was 32 years (range, 9 – 56 years). Median interval from primary cancer to first meningioma diagnosis 
was 22 years (range, 5 – 37 years). The cumulative incidence of a subsequent meningioma by age 40 years was 5.6% (95% CI: 4.7% – 6.7%). 
The SIR for a subsequent meningioma was 619.4 (95% CI: 532.7 – 720.2) and the AER was 21.8 per 10,000 person-years (95% CI: 18.5 
– 25.1). Within 12 months of diagnosis of a subsequent meningioma, 13.6% of participants reported new-onset seizures, 10.7% auditory-
vestibular-visual deficits, 11.8% focal neurological dysfunction and 6.5% severe headaches. With a median follow-up of 72 months following 
subsequent meningioma diagnosis, 22 (13%) participants died (6 deaths attributed to meningioma). Adjusting for cranial radiotherapy dose, a 
diagnosis of subsequent meningioma was independently associated with increased all-cause mortality (HR = 2.3; 95% CI: 1.5 – 3.5; p < 0.01).

Conclusions: CRT-exposed childhood cancer survivors with subsequent meningiomas experience considerable new-onset neurological 
morbidity and increased all-cause mortality. Effective screening methods for subsequent meningiomas may reduce morbidity.
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12. CAUSE-SPECIFIC MORTALITY IN 23,477 5-YEAR SURVIVORS OF CENTRAL NERVOUS SYSTEM TUMOURS DIAGNOSED UNDER 
AGE 40 Chloe J. Bright1, Raoul C. Reulen1, Martin McCabe2, David L. Winter1, Michael M. Hawkins1

1Centre for Childhood Cancer Survivor Studies, School of Health and Population Sciences, Public Health Building, University of Birmingham, 
Birmingham B15 2TT, UK; 2School of Cancer and Enabling Sciences, University of Manchester, Manchester Academic Health Science Centre, 
Manchester, M13 9PL, UK

Background: This largest ever study of teenage and young adult (TYA) cancer survivors is the first to address the gap in knowledge 
regarding the risk of long-term cause-specific mortality in survivors of specific central nervous system (CNS) tumour types.

Methods: This cohort consists of 23,477 5-year survivors of CNS tumours diagnosed before the age of 40, between 1971-2006 in Britain. 
Standardised Mortality Ratios (SMRs) and Absolute Excess Risks (AERs) were used to investigate cause-specific mortality for each CNS 
tumour type stratified by age and years from diagnosis.

Results: Survivors of meningioma, glial, embryonal and pituitary tumours were at 3, 20, 22 and 3-times increased risk of death.

The excess number of neoplastic deaths per 10,000 person-years increased with increasing age at diagnosis from 61 to 562 for those aged 
0-14 and 25-39 years at diagnosis of a glial tumour, respectively. In contrast after pituitary tumours the AER declined from 65 to 11 for those 
diagnosed at similar ages, respectively. The SMR for respiratory deaths after pituitary tumours declined from 56 to 3 for those diagnosed 
aged 0-14 and 25-39 years, respectively.

Among those diagnosed aged 15-39 years the excess of neoplastic deaths increased with later decade of diagnosis of glial tumours. For 
those followed-up 5-14 years from diagnosis, the SMR was 95, 125 and 179 among those diagnosed in the 1970s, 1980s and after 1990, 
respectively. The excess non-neoplastic deaths declined with later decade of diagnosis after pituitary tumours. For those followed-up 
15-24 years from diagnosis the AER was 50, 30 and 7 per 10,000 person-years for those diagnosed in the 1970s, 1980s and after 1990, 
respectively. 

Conclusions: Risks of specific causes of death varied with CNS tumour type and were dependent on decade and age at diagnosis. Variation 
by treatment decade gives clues to potential treatment effects which may be explored in case-control studies.

13. TEMPORAL TRENDS IN HEALTH STATUS AMONG ADULTS IN THE CHILDHOOD CANCER SURVIVOR STUDY (CCSS) Kirsten K. Ness, 
PT, PhD1, Melissa M. Hudson, MD1, Kendra E. Jones, MS1, Wendy M. Leisenring, ScD2, Marilyn Stovall, PhD3, Daniel M. Green, MD1, Joseph P. 
Neglia, MD4, Tara O. Henderson, MD5, Jacqueline Casillas, MD, MSHS6, Jennifer S. Ford, PhD7, Karen E. Effinger, MD, MS8, Kevin C. Oeffinger, 
MD8, Gregory T. Armstrong, MD, MSCE1, Leslie L. Robison, PhD1, Paul C. Nathan, MD, MSc9 
1St. Jude Children’s Research Hospital, Memphis, TN, USA; 2Fred Hutchison Cancer Research Center, Seattle, WA, USA; 3University of Texas 
MD Anderson Cancer Center, Houston, TX, USA; 4University of Minnesota, Minneapolis, MN, USA; 5University of Chicago, Chicago, IL, USA; 
6University of California Los Angeles, Los Angeles, CA, USA; 7Memorial Sloan Kettering Cancer Center, New York, NY, USA; 8Stanford University, 
Stanford, CA, USA; 9The Hospital for Sick Children, University of Toronto, Toronto, Canada

Background: The impact of temporal changes in childhood cancer therapy on long-term health status has not been evaluated. With 
expansion of CCSS, information about health status is available for 5+ year survivors diagnosed from 1970-1999. 

Methods: We estimated prevalence of poor general and mental health, functional impairment, activity limitation and cancer-related anxiety 
and pain at baseline evaluation among 15,830 survivors of childhood cancer. Outcomes were compared among treatment decades using log-
binomial regression to calculate relative risk (RR) and 95% confidence intervals (CI), adjusted for age, sex, race and diagnosis.

Results: Proportions of survivors treated with radiation and amputation decreased; proportions treated with anthracyclines or alkylating 
agents increased over time. Survivors diagnosed more recently were more likely to report poor general health, pain and anxiety, and less 
likely to report functional impairment. Diagnoses with large increases (p < 0.001) in prevalence of adverse outcomes from 1970-79 to 1990-
99 were leukemia (9.8 to 12.6% poor general health), bone tumor (23.2 to 30.7% pain) and Hodgkin lymphoma (15.7 to 19.2% anxiety). CNS 
tumor survivors had the largest decrease in functional impairment prevalence (37.7 to 19.7%). 
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1970-79 1980-89 1990-99

Median (Range)

Diagnosis age (years) 8 (0-21) 11 (0-21) 10 (0-21)

Age at evaluation 28 (18-48) 26 (18-48) 26 (18-42)

%

Male 52.4 53.4 50.6

White 89.0 83.9 76.2

Cranial radiation 33.1 24.4 12.4

Chest radiation 24.2 20.0 9.9

Amputation 5.4 4.5 1.7

Alkylating agent 27.4 59.9 58.4

Anthracycline 30.7 51.4 59.3

 Mean dose (mg/m2) 335±284 271±144 214±118

*all p-values for trend < 0.001

RR (95% CI)

Poor general health 1.0 1.1 (1.0-1.2) 1.2 (1.1-1.3)

Functional impairment 1.0 1.0 (0.9-1.1) 0.8 (0.7-0.9)

Activity limitation 1.0 0.9 (0.8-1.0) 0.9 (0.8-1.0)

Poor mental health 1.0 1.0 (0.9-1.1) 1.0 (0.9-1.1)

Pain 1.0 1.1 (1.0-1.2) 1.2 (1.1-1.4)

Anxiety 1.0 1.1 (1.0-1.3) 1.2 (1.1-1.3)

Conclusion: While the proportion of childhood cancer survivors reporting functional impairment in the most recent era decreased, 
particularly among CNS tumor survivors, proportions reporting poor general health, pain and anxiety increased slightly from 1970 to 1999.

14. IMPACT OF CHRONIC DISEASE ON PSYCHOLOGICAL DISTRESS IN ADULT SURVIVORS IN THE CHILDHOOD CANCER SURVIVOR 
STUDY (CCSS) Tara M. Brinkman, PhD1, Stefanie C. Vuotto, PhD1, Chenghong Li, MS1, Kevin C. Oeffinger,MD2, Daniel M. Green, MD1, Sunita 
Patel, PhD3, Kumar Srivastava, PhD1, Marilyn Stovall, PhD4, Kirsten K. Ness, PhD1, Gregory T. Armstrong, MD, MSCE1, Leslie L. Robison, PhD1, 
Kevin R. Krull, PhD1

1St. Jude Children’s Research Hospital, Memphis, TN; USA; 2Memorial Sloan-Kettering Cancer Center, New York, NY; USA; 3City of Hope, 
Duarte, CA; USA; 4MD Anderson Cancer Center, Houston, TX; USA;

Purpose: Adult survivors of childhood cancer are at increased risk of developing both chronic health conditions and symptoms of 
psychological distress. While cardiac, pulmonary and endocrine conditions have been associated with anxiety and depression in non-cancer 
populations, their contribution to psychological distress has not been examined in adult survivors of childhood cancer.

Methods: Participants included 5,021 adult survivors of childhood cancer (mean[SD] age=32.0[7.6] years, time since diagnosis=23.2[4.5] 
years) diagnosed between 1970-86 who completed a measure of acute psychological distress (Brief Symptom Inventory-18 [BSI-18]). Health 
conditions were graded using the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 for cardiac, pulmonary and endocrine 
conditions that preceded the date of reported distress. Structural equation modeling was used to examine pathways between treatment 
exposures, chronic health conditions (>Grade 1 vs. none), and elevated symptoms of psychological distress (BSI T-scores >63).

Results: In the final path models for anxiety and depression, anthracycline exposure was associated with cardiac morbidity (anxiety: β=0.15, 
p<0.001; depression: β=0.21, p<0.001); cranial irradiation was associated with endocrine morbidity (anxiety: β=2.1, p<0.001; β=2.1, p<0.001, 
respectively); and, both cardiac and endocrine conditions contributed to pulmonary morbidity (anxiety: β=0.16, p<0.001; β=0.11, p<0.001, 
respectively; depression: β=0.17, p<0.001; β=0.09, p=0.006, respectively). Chronic pulmonary conditions were associated with elevated 
symptoms of depression (β=0.13, p<0.001) and anxiety (β=0.15, p<0.001); endocrine conditions were associated with elevated depressive 
symptoms (β=0.12, p<0.01) but not anxiety, and cardiac conditions were associated with anxiety (β=0.13, p<0.001) but not depression.

Conclusions: Chronic health conditions resulting from exposure to toxic cancer therapies in childhood contribute to psychological distress 
in adult survivors. Early intervention for cardiac, pulmonary and endocrine conditions may reduce risk for distress and improve emotional 
quality of life.
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15. ENDOCRINE DISORDERS IN ADULT SURVIVORS OF CHILDHOOD CANCER: A REPORT FROM THE CHILDHOOD CANCER SURVIVOR 
STUDY (CCSS) Sogol Mostoufi-Moab, MD, MSCE1, Kristy Seidel, ScD2, Wendy M. Leisenring, ScD2, Gregory T. Armstrong, MD, MSCE3,  
Kevin C. Oeffinger, MD4, Daniel M. Green, MD3, Marilyn Stovall, PhD5, Lillian R. Meacham, MD6, Jill Ginsberg, MD1, Leslie L. Robison, PhD3, 
Charles A. Sklar, MD4

1The Children’s Hospital of Philadelphia, Philadelphia, PA, USA; 2Fred Hutchinson Cancer Research Center, Seattle, USA; 3St. Jude Children’s 
Research Hospital, Memphis, TN, USA; 4Memorial Sloan Kettering Cancer Center, New York, NY, USA; 5MD Anderson Cancer Center, Houston, 
TX, USA; 6Emory University, Atlanta, GA, USA

Background: The development of endocrinopathies in aging survivors many years following high-risk therapies, such as head and neck 
radiotherapy (RT), remains understudied. 

Methods: Analyses of self-reported conditions in 14,290 5-year survivors from the CCSS; median age 6 years (range, <1 to 20) at diagnosis 
and 32 years (range, 5 to 58) at last follow up. Cumulative incidence curves and Cox regression were used to analyze and compare time to 
first onset for each endocrine disorder. 

Results: 

Cumulative Incidence% (95% CI) of Endocrine Outcomes in Survivors  
Exposed to High-Risk Therapies*

Years post Cancer Hyperthyroidism** Thyroid Nodules
Primary  

Hypothyroidism
TSH Deficiency

Growth Hormone 
Deficiency

5
10
15
20
25
30
35

2 (1–4)
3 (2–5)
4 (3–6)
5 (4–7)
7 (5–8)
8 (6–10)
8 (6–10)

1 (<1–2)
3 (2–3)
6 (5–7)
11 (5–13)
17 (15–19)
22 (20–24)
27 (24–30)

14 (13–16)
20 (18–22)
26 (24–29)
31 (29–33)
35 (32–37)
37 (34–39)
40 (37–43)

9 (7–11)
14 (11–16)
16 (14–19)
18 (15–21)
20 (17–22)
21 (18–24)
21 (18–24)

8 (7–9)
14 (13–15)
17 (15–8)
17 (16–18)
17 (16–18)
17 (16–19)
17 (16–19)

*Head & Neck RT ≥20 Gy; **Neck RT ≥40 Gy

The risk of an endocrine disorder was significantly higher in adult survivors exposed to high-risk therapies as defined by the COG guidelines 
compared to survivors not exposed: primary hypothyroidism (HR 7.0; 95% CI, 5.8- 8.3), thyroid nodules (HR 7.0; 95% CI, 5.8-8.4), TSH 
deficiency (HR 3.6; 95% CI, 2.8- 4.7), and growth hormone deficiency (HR 5.3; 95% CI 4.3 to 6.4), p<0.001 for all.

Conclusions: Endocrinopathies in adult survivors exposed to high-risk therapies significantly increase over time, underscoring the need for 
life-long subspecialty follow-up for these survivors. 

Acknowledgement: This study was supported by the U24CA55727 Childhood Cancer Survivor Study Career Development Award.

16. PREGNANCY AND LABOUR COMPLICATIONS IN FEMALE SURVIVORS OF CHILDHOOD CANCER USING HOSPITAL EPISODE 
STATISTICS: THE BRITISH CHILDHOOD CANCER SURVIVOR STUDY Raoul C. Reulen1, Dave L. Winter1, Miranda Fidler1, Chloe Bright1, Kwok 
Wong1, Joyeeta Guha1, Julie Kelly1, Clare Frobisher1, Mike M. Hawkins1

1Centre for Childhood Cancer Survivor Studies, School of Population and Health Sciences, University of Birmingham, Edgbaston, Birmingham 
B15 2TT, UK 

Background: Female survivors of childhood cancer who manage to fall pregnant, but who were treated for their childhood cancer with 
abdominal radiotherapy are at increased risk of delivering premature and low birth weight offspring. However, it is unclear whether treatment 
with abdominal radiotherapy for childhood cancer could also manifest into complications during pregnancy and labour in female survivors. 

Methods: We investigated the risks of developing pregnancy and labour complications in female survivors of childhood cancer by linking the 
British Childhood Cancer Survivor Study cohort (N=17,980) to the Hospital Episode Statistics (HES) for England. Using Poisson regression, 
relative risks (RRs) of pregnancy and labour complications were calculated by type of childhood cancer and by site of radiotherapy treatment 
(none/abdominal/cranial/other).

Results: A total of 2,663 singleton pregnancies among 1,711 female survivors of childhood cancer were identified in HES. Female survivors 
treated with abdominal radiotherapy were at risk of hypertension (RR=3.0, 95%CI: 2.1, 4.3), diabetes mellitus (RR=2.8, 95%CI: 1.1, 7.0) 
and anaemia (RR=2.0, 95%CI: 1.1, 3.4) during pregnancy when compared to pregnant survivors not treated with any radiotherapy. Cranial 
radiotherapy was associated with a small increased risk (RR=1.5, 95%CI:1.1, 2.1) of premature rupture of the membranes. 

Conclusion: The results of this largest ever study into pregnancy and labour complications among female survivors of childhood cancer 
suggest that obstetricians and midwifes should be particularly vigilant for hypertension, diabetes and anaemia in pregnant female survivors 
previously treated with abdominal radiotherapy.
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17. THE VALUE OF ANTI-MULLERIAN HORMONE, FSH, AND INHIBIN B AS MEASURES OF ANTRAL FOLLICLE COUNT IN CHILDHOOD 
CANCER SURVIVORS M.H. van den Berg, PhD1, A. Overbeek, MD1,2, C.B. Lambalk, MD, professor2, M. van Dijk, MSc1, J.S.E. Laven, MD, 
professor3, L.C.M. Kremer, MD, PhD4, M.M. van den Heuvel-Eibrink, MD, PhD5,6, W.J.E. Tissing, MD, PhD7, J.J. Loonen, MD, PhD8, A.B. Versluys, 
MD, PhD9, D. Bresters, MD, PhD10, G.J.L. Kaspers, MD, professor1, F.E. van Leeuwen, PhD, professor11, E. van Dulmen-den Broeder, PhD1, on 
behalf of the DCOG LATER-VEVO study group.
1VU University Medical Center, Department of Paediatrics, Division of Oncology-Haematology, Amsterdam, The Netherlands; 2VU University 
Medical Center, Department of Obstetrics and Gynaecology, Amsterdam, The Netherlands; 3Erasmus MC-University Medical Centre 
Rotterdam, Department of Gynaecology and Obstetrics, Rotterdam, The Netherlands; 4Emma Childrens’ Hospital/Amsterdam Medical Center, 
Department of Paediatric Oncology, Amsterdam, The Netherlands; 5Sophia Childrens’ Hospital/Erasmus MC University Medical Center, 
Department of Paediatrics, Division of Paediatric Oncology/Haematology, Rotterdam, The Netherlands; 6Princess Maxima Center for Paediatric 
Oncology, Utrecht, The Netherlands; 7University of Groningen, University Medical Center Groningen, Department of Paediatric Oncology/
Haematology, Groningen, The Netherlands; 8Radboud University Nijmegen Medical Center, Department of Paediatric Oncology, Nijmegen, 
The Netherlands; 9Wilhelmina Childrens Hospital/University Medical Center, Department of Paediatric Oncology, Utrecht, The Netherlands; 
10Willem-Alexander Children’s Hospital/Leiden University Medical Center, Leiden, The Netherlands; 11Netherlands Cancer Institute, Department 
of Epidemiology, Amsterdam, The Netherlands

Purpose: To evaluate the correlation between the number of antral follicles (AFC) and endocrinological markers (FSH, AMH, and inhibin B), 
and to investigate whether these correlations differ between female childhood cancer survivors (CCSs) and controls.

Methods: This study is part of the DCOG LATER-VEVO study, a nationwide retrospective cohort study on female fertility of Dutch CCSs. The 
study population consisted of female 5-year CCSs who were at least 18 years at inclusion. The control group consisted of sisters of survivors 
and general population controls. Blood sampling and transvaginal ultrasound measurements were performed on cycle day 2-5 (natural cycle) 
or pill-free day 7 (hormonal contraceptive users). AFC included the number of follicles sized 2-10 mm in both ovaries.

Results: 1,108 CCSs and 819 controls participated, 517 (47%) and 383 (47%) of whom, respectively, provided both blood and ultrasound 
data. Overall, the correlation between AFC and AMH levels (r=0.66, p<0.001) was much stronger than either AFC-FSH (r=-0.33, p<0.001), 
or AFC-inhibin B correlations (r=0.35, p<0.001). Furthermore, the correlation between AFC and AMH was significantly weaker for CCSs 
compared to controls (r=0.58 vs. r=0.77, p<0.001), whereas the strength of AFC-FSH as well as AFC-inhibin B correlations did not differ 
between both groups (r=-0.36 vs. r=-0.33, p=0.15; and r=0.39 vs. r=0.33, p=0.62, respectively). Finally, of all women with normal AFC 
(no.≥6) values (n=672, 83%), 68 (10%) had low AMH (<0.5µg/l) levels, whereas 34 (5%) had elevated FSH (>10U/l) levels, and 60 (9%) low 
inhibin B (<20ng/l) levels.

Conclusions: Serum AMH levels were more strongly correlated with AFC than FSH and inhibin B, indicating that AMH seems to reflect 
ovarian reserve best. However, caution should be taken when using AMH alone as a marker of ovarian reserve for CCSs, as the correlation 
between AMH and AFC for these women appears to be weaker compared to controls and women might be misclassified.

This work was supported by the Dutch Cancer Society and by Foundation Children Cancer Free.

18. PERCEPTIONS OF RISK FOR INFERTILITY AMONG MALE SURVIVORS OF CHILDHOOD CANCER: A REPORT FROM THE CHILDHOOD 
CANCER SURVIVOR STUDY (CCSS) Jordan Gilleland-Marchak, PhD1,2, Kristy D. Seidel, MS3, Ann C. Mertens, PhD1,2, Chad W.M. Ritenour, 
MD4, Karen Wasilewski-Masker, MD, MSc1,2, Wendy Leisenring, ScD3, Charles A. Sklar, MD5, Jennifer Ford, PhD5, Kevin R. Krull, PhD6, Marilyn 
Stovall, PhD7, Leslie L. Robinson, PhD6, Gregory T. Armstrong, MD, MSCE6, Lillian R. Meacham, MD1,2 
1Aflac Cancer Center at Children’s Healthcare of Atlanta, Atlanta, GA, USA; 2Emory University School of Medicine, Department of Pediatrics, 
Atlanta, GA, USA; 3Fred Hutchinson Cancer Research Center, Clinical Statistics and Cancer Prevention Programs, Seattle, WA, USA; 4Emory 
University School of Medicine, Department of Urology, Atlanta, GA, USA; 5Memorial Sloan Kettering Cancer Center, Department of Pediatrics, 
New York, NY, USA; 6St. Jude Children’s Research Hospital, Department of Epidemiology and Cancer Control, Memphis, TN, USA; 7University of 
Texas M.D. Anderson Cancer Center, Department of Radiation Physics, Houston, TX, USA

Purpose: Adverse male reproductive late-effects of childhood cancer treatment have been well documented and guidelines for screening 
patients at risk for infertility established. The purpose of this investigation was to assess perceptions of risk for infertility among a large 
sample of adult male survivors of childhood cancers. 

Methods: 1,352 adult male survivors from the CCSS, diagnosed between 1970-86 completed a questionnaire assessing health related 
quality of life (HRQoL), awareness of infertility risks and previous infertility-related education experiences. Multivariable logistic regression 
was used to identify predictors of awareness of infertility risk.

Results: The median age of participants was 37.8 years (range: 22.0-58.7), survivors were a median of 28.4 (range 21.4-39.2) years from 
diagnosis and 85.3% received gonadotoxic treatment. Among survivors with no history of gonadotoxic treatment, 28.6% mistakenly thought 
that they were at risk for infertility related to their cancer diagnosis or treatment. Conversely, 40.7% of survivors who received gonadotoxic 
treatments were unaware of their risk for infertility. Men who perceived themselves at risk for infertility were twice as likely to report poor 
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physical HRQoL (Odds Ratio [OR]=2.2, 95% Confidence Interval [CI] 1.4, 3.6). Lack of awareness of infertility risk following gonadotoxic 
treatment was predicted by lower educational achievement (p<0.001) and reporting no previous history of the following: survivorship care 
(OR 2.1, 95% CI 1.3-3.4, p=0.002), testosterone replacement (OR 3.4 95% CI 1.8-6.6 p<0.001), or erectile dysfunction treatment (OR 2.3, 
95% CI 1.2-4.7, p=0.02). Survivors who correctly identified their infertility risk were more likely to report receiving risk education from an 
oncologist compared to survivors who misclassified their infertility risk (45% vs 23%, p=0.015).

Conclusions: Many male survivors are unaware of how their childhood cancer treatment may or may not impact their reproductive health. 
Survivors should be educated about their risk for infertility at diagnosis and throughout survivorship. 

19. NECK RADIATION, THYROID NODULES, AND AVOIDING HARM: A REPORT FROM THE ADULT LONG-TERM FOLLOW-UP (LTFU) 
PROGRAM Dana Barnea, MD, Emily S. Tonorezos, MD MPH, Elena Elkin, PhD, Chaya Moskowitz, PhD, Joanne Chou, MPH, Charles A. Sklar, 
MD, Richard J. Wong, MD, Duan Li, MD, and Kevin C. Oeffinger, MD.

Memorial Sloan-Kettering Cancer Center, New York, NY, USA 

Background: Radiation including the neck area is associated with thyroid cancer, leading some to recommend periodic screening 
ultrasound. Because thyroid cancer is generally indolent with 5-year cure rates exceeding 98% and thyroid nodules are ubiquitous following 
radiation, the Children’s Oncology Group (COG) recommends an annual thyroid exam. 

Methods: We conducted a retrospective review of all adult survivors treated for a childhood or young adult cancer with radiation including 
the neck field and evaluated in the Adult LTFU Program from November 1, 2005 through January 31, 2015, excluding individuals who had a 
previous diagnosis of a thyroid nodule / cancer prior to their first evaluation. 

Results: Among 590 individuals treated with neck radiation with a median age of 30.3 at time of first evaluation in the Adult LTFU 
Program (range, 18.3 to 76.7), 63 survivors had a thyroid nodule detected (10.7%) at a median of 22.4 years from radiation (range, 4.5 to 
44.4). Of these survivors, 62% (39/63) of nodules were initially found on clinical exam and 38% (24/63) were detected incidentally on an 
imaging study. Ultrasonography was suspicious in 65% (41/63); FNA performed on these 41 survivors revealed 8 with papillary or follicular 
carcinoma, of which 2 were locally advanced and none with distant metastases. With a median of 1.4 years of follow-up from diagnosis of 
thyroid cancer to time of last contact (range, 0 to 7 years), 7 patients were doing well and were free of disease. One patient had a regional 
recurrence and is awaiting regional lymph node dissection. No deaths were attributable to thyroid cancer. 

Conclusions: Herein, we describe a standardized step-wise approach for detection of thyroid cancer in a high risk population. Further 
analysis is in process to determine false positive / negative rates for each step and to conduct a cost analysis. From this experience, we 
concur with the COG guidelines and do not recommend thyroid ultrasound as a screening test.

20. LONG-TERM RENAL MORBIDITY AMONG 208,769 5-YEAR SURVIVORS OF CANCER DIAGNOSED AGED 15-39 YEARS: THE 
TEENAGE AND YOUNG ADULT CANCER SURVIVOR STUDY (TYACSS) Raoul C. Reulen1, Chloe Bright1, David L. Winter1, Miranda Fidler1, 
Kwok Wong1, Joyeeta Guha1, Julie Kelly1, Clare Frobisher1, Michael M. Hawkins1

1Centre for Childhood Cancer Survivor Studies, School of Population and Health Sciences, University of Birmingham, Edgbaston, Birmingham 
B15 2TT, UK 

Background: Survival from cancer diagnosed in teenage and young adulthood (TYA) has improved considerably over the last few decades 
mainly due improvements in radiotherapy and the introduction of multi-agent chemotherapy. Previous studies have shown that specific 
chemotherapy agents and renal irradiation increases the risk of developing short-term nephrotoxicity, but no large-scale study has 
investigated the long-term risks of renal morbidity in TYA cancer survivors.

Methods: We quantified the risk of renal disease in the Teenage and Young Adult Cancer Survivor Study—a population-based cohort of 208,769 
5-year survivors of cancer diagnosed aged 15-39 years (1971-2006)—by linking with the population-based Hospital Episode Statistics for 
England. Observed (O) numbers of renal disease related overnight hospitalisations were compared to that expected (E) in the general population.

Results: Overall, TYA cancer survivors were 50% more likely to be admitted to hospital for renal disease than expected (O/E=1.5, 95%CI:1.5, 
1.6). At particular increased risk were survivors of cancer of the bladder (O/E=4.2, 95%CI:3.9, 4.6), kidney (O/E=4.8, 95%CI:2.6, 8.8), cervix 
(O/E=2.5, 95%CI:2.4-2.6), colon (O/E=2.1, 95%CI:1.9, 2.3), and bone (O/E=2.0, 95%CI:1.7, 2.4). The risk of renal failure was substantially 
(O/E>3.0) increased among survivors of a cancer of the kidney (O/E=9.2, 95%CI:6.9, 12.3), bone (O/E=6.8, 95%CI:4.7, 9.8), leukaemia (O/
E=5.7, 95%CI:4.2, 7.7), non-Hodgkin’s lymphoma (O/E=3.5, 95%CI:2.8, 4.4) and cervix (O/E=3.1, 95%CI:2.7, 3.6). Substantially increased 
risks for being admitted for renal tubulo-interstitial disease were found for survivors of a cancer of the kidney (O/E=4.0, 95%CI:2.5, 6.2), 
colon (O/E=3.9, 95%CI:3.1, 5.0), bladder (O/E=3.7, 95%CI:2.7, 5.2) and cervix (O/E=3.7, 95%CI:3.3, 4.1). 

Conclusion: In this largest ever cohort study investigating renal morbidity in TYA cancer survivors, we found that survivors of cancer of the 
kidney, bone, leukemia, non-Hodgkin’s lymphoma and cervix are at substantially increased risk of kidney failure. Survivors of cancer of the 
kidney, colon, bladder and cervix are at substantially increased risk of renal tubulo-interstitial diseases.
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21. CHEMOTHERAPY AND BRAIN FUNCTION IN LONG-TERM SURVIVORS OF CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA (ALL) 
Yin Ting Cheung, PhD1, Slim Fellah, PhD2, Wei Liu, PhD3, Robert J. Ogg, PhD2, DeoKumar Srivastava, PhD3, Cara Kimberg, PhD1,  
Tara M. Brinkman, PhD1, Ching-Hon Pui, MD4, Leslie L. Robison, PhD1, Melissa M. Hudson, MD4, Kevin R. Krull, PhD1

1Department of Epidemiology and Cancer Control, St. Jude Children’s Research Hospital, Memphis, TN, USA; 2Department of Radiological 
Sciences, St. Jude Children’s Research Hospital, Memphis, TN, USA; 3Department of Biostatistics, St. Jude Children’s Research Hospital, 
Memphis, TN, USA; 4Department of Oncology, St. Jude Children’s Research Hospital, Memphis, TN, USA

Background: Limited data are available on associations among chemotherapy treatment and brain function in long-term survivors of 
childhood ALL. This study evaluated associations between treatment exposure, neurocognitive testing and functional magnetic resonance 
imaging (fMRI) in children treated on an institutional protocol, which featured chemotherapy without cranial irradiation. 

Methods: Long-term survivors of ALL (n = 213; 51.2% male; mean[SD] age 14.8[4.8] years; 7.7[1.7] years post-diagnosis), completed 
neurocognitive testing and brain fMRI during an executive function/attention task. During chemotherapy, serum concentrations of high-dose 
IV methotrexate (HD-MTX), plasma homocysteine (HYC) following HD-MTX, and dexamethasone (DEX) were quantified as area under the curve 
(AUC). Serum cortisol level was also measured following oral DEX. These variables along with number of triple intrathecal therapy (IT) doses 
were analyzed with general linear modeling as predictors of neurocognitive and fMRI outcomes. fMRI analysis was performed using SPM8. 

Results: Survivors performed below normative data on two standard measures of executive function: cognitive flexibility (mean[SD] 
Z-score = -0.55[1.2]) and fluency (-0.38[0.9]), both p’s < 0.0001. After adjustment for demographic factors, poorer cognitive flexibility was 
associated with higher MTX AUC (Est. -0.024; p = 0.015) and higher HYC AUC (Est. -0.011; p = 0.049). Poorer fluency was also associated 
with higher MTX AUC (Est. -0.023; p = 0.007). Survivors diagnosed at younger ages performed poorly on fluency at any level of MTX AUC, 
while those diagnosed at older ages performed poorly only if exposed to high MTX AUC (p = 0.063). Brain activation was positively correlated 
with MTX AUC in bilateral frontal and caudate nuclei, and left putamen and anterior cingulate cortex. Of note, these brain regions are 
associated with cognitive flexibility and fluency, as well as other executive functions. 

Conclusions: Higher plasma concentrations of MTX and HYC following HD-MTX for childhood ALL may predict those at greatest risk for 
neurocognitive problems, particularly executive dysfunction, and altered brain activity during long-term survivorship.

22. CEREBROVASCULAR COMPLICATIONS IN 208,769 5-YEAR SURVIVORS OF CANCER DIAGNOSED AGED 15-39 YEARS USING 
HOSPITAL EPISODE STATISTICS: THE POPULATION-BASED TEENAGE AND YOUNG ADULT CANCER SURVIVOR STUDY (TYACSS)  
Chloe J. Bright1, Raoul C. Reulen1, David L. Winter1, Mike M. Hawkins1

1Centre for Childhood Cancer Survivor Studies, School of Health and Population Sciences, Public Health Building, University of Birmingham, 
Birmingham B15 2TT, UK

Background: Survivors of teenage and young adult cancer are prone to be at an increased risk of experiencing a cerebrovascular event; 
however it is uncertain to what extent this risk varies between survivors of specific cancer types, decades and ages at diagnosis. This is the 
largest ever cohort investigation into the risk of hospitalisation for a cerebrovascular event in long-term survivors of TYA cancer. 

Methods: The Teenage and Young Adult Cancer Survivor Study (N=208,769) was linked to the population-based Hospital Episode Statistics 
for England to enable the investigation of the risk of hospitalisation for a cerebrovascular event in 5-year survivors of cancer diagnosed aged 
15-39 years. Observed numbers of first hospitalisations for cerebrovascular events were compared to that expected in the general population 
using relative risks (hospitalisation rate ratio [HRR]) and absolute excess risks (AER) per 10,000 person-years.

Results: In total, 2367 individuals were hospitalised for a cerebrovascular event, whereas 1767 were expected (HRR=1.3; AER=2.8). 
Survivors of central nervous system (CNS) tumours (HRR=4.9), head and neck tumours (HRR=2.7) and leukaemia (HRR=2.4) were most 
at risk of a cerebrovascular event. The AER declined with increasing age at cancer diagnosis; among individuals with attained ages 50-59 
years the AER declined from 14 to 3 among those diagnosed with cancer aged 15-19 and 35-39 years respectively, p=0.0012. The AER also 
declined with decade of diagnosis. For those aged 40-49 years the AERs were 6, 3, 2 and 1 among those diagnosed in the 1970s, 1980s, 
1990s and 2000s, respectively, p<0.001

Conclusions: Survivors of teenage and young adult cancer are at an increased risk of hospitalisation for a cerebrovascular event which 
varies depending on decade and age at diagnosis. Survivors of specific cancers which have likely had radiotherapy to the head and neck 
have an especially increased risk.
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23. NEUROLOGIC DISORDER IN SURVIVORS OF CNS CHILDHOOD CANCER: AN ALICCS STUDY (ADULT LIFE AFTER CHILDHOOD 
CANCER IN SCANDINAVIA) L. Kenborg, MSc, PhD1, J.H. Olsen, DMSc1, K.M. Linnet, MD, PhD2,3, Marilyn Stovall, PhD4, H. Hasle, MD, PhD2,  
J.F. Winther, DMSc1 on behalf of the ALiCCS study group
1Danish Cancer Society Research Center, Copenhagen, Denmark; 2Department of Paediatrics, Aarhus University Hospital, Aarhus, Denmark; 
3Perinatal Epidemiology Research Unit, Department of Obstetrics and Paediatrics, Aarhus University Hospital, Denmark; 4Department of 
Radiation Physics, Division of Radiation Oncology, University of Texas MD Anderson Cancer Center, Houston, Texas, USA 

Introduction: Survivors of CNS childhood cancer have a high risk of neurologic sequelae, due to the location of the primary malignancy 
and the subsequent treatment. Here, we aimed to assess the lifetime risk of neurologic disorders in survivors of CNS childhood cancer from 
Denmark, Iceland and Sweden.

Material and Method: From the national cancer registries in Denmark, Iceland and Sweden, we identified 4,091 one-year survivors of 
CNS childhood cancer since the start of the registries in the 1940s and 1950s. A cohort of 125,307 population comparisons matched by 
age, sex and country was identified in the national population registries. After linkage of cohort members to the national hospital registries, 
we compared the observed number of hospitalizations due to a neurologic disorder among survivors to the expected number derived from 
the comparison cohort. Standardized hospitalization rate ratios (SHRRs) and absolute excess risks (AER) due to status as a childhood cancer 
survivor were calculated as well as their corresponding 95% confidence intervals (CIs).

Results: A neurologic disorder was diagnosed in 1,129 of the survivors while 79 was expected, yielding a SHRR of 14.2 (95% CI 13.3−15.2) 
and an AER of 12 per 1,000 person-years (17−19). When we stratified the analyses by time since diagnosis, the risk in survivors diagnosed 
more than 20 years ago was 6.3 (95% CI 5.5−7.2). High risks were reported for most of the diagnoses examined, including meningitis 
(SHRR 9.9, 95% CI 7.1–13.8), dementia and Alzheimer disease (8.7, 4.5−16.8), epilepsy (23.9, 21.3−26.7), nerve disorders (6.5, 5.2−8.1), 
hemiplegia (83.6, 57.0−122.7) and hydrocephalus (242.5, 183.2−320.9). 

Conclusions: Survivors of CNS childhood cancer are at increased risk for neurologic disorders throughout life. These results highlight the 
need for preventive strategies and intensive follow-up of the survivors. 

24. LONGITUDINAL EVALUATION OF HEALTH STATUS AND CHRONIC CONDITIONS IN AGING PEDIATRIC ASTROCYTOMA SURVIVORS:  
A CHILDHOOD CANCER SURVIVOR STUDY (CCSS) REPORT Karen E. Effinger, MD, MS1, Paul G. Fisher, MD1, Kirsten K. Ness, PT, PhD2,  
Kevin Krull, PhD2, Neyssa Marina, MD, MS1, Marilyn Stovall, PhD3, Kevin C. Oeffinger, MD4, Gregory T. Armstrong, MD, MSCE2, Leslie L. 
Robison, PhD2, Paul C. Nathan, MD, MSc5, Wendy M. Leisenring, ScD6, Melissa M. Hudson, MD2

1Stanford University, Stanford, CA, USA; 2St. Jude Children’s Research Hospital, Memphis, TN, USA; 3University of Texas MD Anderson Cancer 
Center, Houston, TX, USA; 4Memorial Sloan Kettering Cancer Center, New York, NY, USA; 5The Hospital for Sick Children, University of Toronto, 
Toronto, Canada; 6Fred Hutchison Cancer Research Center, Seattle, WA, USA

Background: Astrocytoma is a common pediatric central nervous system tumor. However, little is known about the health status and chronic 
conditions and their association with social outcomes in aging survivors.

Methods: We evaluated 1,073 5-year astrocytoma survivors (median age: 28 years, range 9-56; median years from diagnosis: 21, range 
7-38) and 4,023 siblings enrolled in the CCSS at up to 3 time points. We estimated the prevalence of poor health status in 6 domains 
(general health, functional impairment, activity limitation, mental health, cancer-related pain, cancer-related anxiety); severe, disabling, 
or life-threatening chronic conditions; and social outcomes (marriage, education, employment, income) in those ≥ 25 years of age. We 
compared outcomes between survivors and siblings as a function of attained age using generalized linear models with robust variances 
adjusted for race, sex, and body mass index.

Results: Compared with siblings, astrocytoma survivors were more likely to report poor health status across all domains, more chronic 
conditions, and poor social outcomes. Among survivors, increasing numbers of chronic conditions were associated with lower marriage 
and employment rates, lower income, and poor health status in all domains. All domains of poor health status were associated with 
unemployment.
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Survivors (%) Siblings (%) OR (95% CI)

Poor general health 16.0 5.1 3.6 (3.0-4.3)

Functional impairment 32.7 3.7 13.3 (11.1-16.0)

Activity limitation 20.3 5.6 4.6 (3.9-5.5)

Poor mental health 21.0 10.9 2.0 (1.7-2.4)

Cancer-related pain 12.4 NA -

Cancer-related anxiety 12.8 NA -

Chronic conditions 47.7 9.9 9.1 (7.7-10.6)

Married 41.3 69.3 0.32 (0.27-0.37)

Graduated college 40.5 55.1 0.61 (0.52-0.71)

Employed 64.7 87.1 0.26 (0.22-0.31)

Income >$20,000 79.7 95.0 0.24 (0.19-0.30)

Conclusions: Pediatric astrocytoma survivors have increased odds of poor health status, chronic conditions, and poor social outcomes 
compared with siblings. Chronic conditions impact health status and social outcomes highlighting the need for regular screening and early 
interventions. 

25. AN IMMUNE PHENOTYPE OF AGING IN YOUNG ADULT SURVIVORS OF CHILDHOOD ACUTE LYMPHOLASTIC LEUKEMIA (ALL) 
Mohamad Shafiq Azanan1, Noor Kamila Abdullah2, Pei Qi Loh2, Norliana Khairuddin2, Lum Su Han3, Sharon R Lewin4, Yin Ling Woo1,2,5, Hany 
Ariffin1,3, Reena Rajasuriar2,6

1University Malaya Cancer Research Institute, University of Malaya, Kuala Lumpur, Malaysia; 2Centre of Excellence for Research in AIDS, 
University of Malaya, Kuala Lumpur, Malaysia; 3Paediatric Oncology Unit, University Malaya Medical Centre, Kuala Lumpur, Malaysia; 4Doherty 
Institute for Infection and Immunity, University of Melbourne, Melbourne, Australia; 5Department of Obstetrics & Gynaecology, University of 
Malaya, Kuala Lumpur, Malaysia; 6Department of Pharmacy, University of Malaya, Kuala Lumpur, Malaysia

Background: Many complications of treatment which occur late in childhood cancer survivors resemble age-related complications observed 
in the elderly. An immune phenotype of aging characterised by increased immune activation, systemic inflammation and accumulation of 
senescent T-cells has previously been associated with co-morbidities in the elderly. Our aim was to explore if this phenotype was present in 
young adult ALL survivors (ALLS). 

Methods: We recruited ALLS (n=42) with no history of bone marrow transplant during their annual follow-up and age-matched controls 
(n=43) at University Malaya Medical Centre. Biochemical screening, whole-blood immuno-phenotyping for markers of immune activation, 
senescence and measurement of soluble markers of activation/inflammation in plasma were performed. Markers were compared in cases vs 
controls and to community-dwelling elderly volunteers (n=9) using Mann-Whitney U test. 

Results: The median (IQR) age in cases and controls were 25(21-30) and 23(22-25) years, respectively and duration from treatment 
completion was 16(10-25) years. Cases had higher BMI (p=0.03) and triglycerides (p<0.01) vs controls but fasting glucose and total 
cholesterol were similar. Cases exhibited increased markers of activation (CD38+HLA-DR+) on CD4+T-cells (p=0.0005), CD8+T-cells 
(p=0.0023) and NK cells (p=0.0006) as well as higher systemic inflammation measured by hs-CRP (p<0.0001) and interleukin-6 (p=0.0016). 
Immuno-senescence (CD57+CD28-) on CD8+T-cells were also higher in cases (p=0.0402) and correlated with CD8+T-cell activation 
(p<0.001) and macrophage activation, soluble(s)CD163 (p=0.006). CMV IgG was significantly higher in cases vs controls (p=0.0009) and 
correlated with markers of T-cell senescence and sCD163. Markers of NK cell and T-cell activation and senescence were comparable to 
levels measured in elderly volunteers (median age = 61 years, p>0.05 for all comparisons). 

Conclusion: Young adult ALLS exhibit increased markers of immune activation, senescence and inflammation compared to age-matched 
controls and comparable to individuals 30 years older. CMV infection may be an important driver of this immunological derangement and 
their role should be investigated further. 
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26. LONG-TERM FOLLOW-UP FOR INCIDENT CIRRHOSIS OR FIBROSIS AMONG HEPATITIS C SEROPOSITIVE PEDIATRIC CANCER 
SURVIVORS Sericea Stallings-Smith, DrPH1, Adrienne Studaway, MS1, Kevin R. Krull, PhD1, Tara M. Brinkman, PhD1, Melissa M. Hudson, MD1, 
Rohit P. Ojha, DrPH1

1Department of Epidemiology and Cancer Control, St. Jude Children’s Research Hospital, Memphis, TN, USA

Purpose: A sizeable proportion of pediatric cancer patients who received blood transfusions prior to second-generation systematic blood 
donor screening initiated in July 1992 have tested positive for hepatitis C virus (HCV) infection. Nevertheless, long-term estimates of incident 
hepatic complications among HCV-seropositive pediatric cancer survivors are unavailable. We aimed to estimate the cumulative incidence of 
cirrhosis or fibrosis among HCV-seropositive pediatric cancer survivors.

Methods: We identified HCV-seropositive pediatric cancer patients treated at St. Jude Children’s Research Hospital between 1962 and 
1992, who survived ≥5 years post-diagnosis, and were followed through 2013. Our outcome of interest was cirrhosis or fibrosis determined 
by liver biopsy or serum biomarkers. We used competing-risks regression (accounting for death) with age as the time-scale to estimate 
the cumulative incidence of cirrhosis or fibrosis, and to estimate subdistribution hazard ratios (HRs) and 95% confidence limits (CL) for 
associations between demographic characteristics and cirrhosis or fibrosis.

Results: Our study population comprised 113 HCV-seropositive survivors, of whom 50% were female, 82% were White, 42% received 
antiviral therapy, and 75% (of 87 tested) had HCV genotype 1. Median length of follow-up was 30 years (interquartile range= 27 – 37) post-
HCV exposure. The cumulative incidence of cirrhosis or fibrosis increased at each 10-year follow-up interval from 15% after 10 years to 
83% after 40 years (Ptrend<0.001). The relative hazard of cirrhosis or fibrosis did not differ by sex (male vs. female: HR=1.0, 95% CL: 0.50, 
2.2), but non-White HCV-seropositive survivors had a higher relative hazard of cirrhosis or fibrosis compared with White HCV-seropositive 
survivors (HR=1.7, 95% CL: 0.69, 4.3).

Conclusions: Our results suggest high incidence of cirrhosis or fibrosis among HCV-seropositive pediatric cancer survivors during long-term 
follow-up, but imprecise estimates preclude inferences about demographic differences. Our findings are useful for raising awareness and 
encouraging efforts to reduce hepatic complications in this population.
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27. CARDIAC FUNCTION IN CHILDHOOD CANCER SURVIVORS TREATED WITH ANTHRACYCLINES: A SINGLE INSTITUTION  
EXPERIENCE Melodie Minter, MS-III1, W. Paul Bowman, MD1,2, Lisa Bashore, PhD, APRN, CPNP, CPON3

1Texas College of Osteopathic Medicine, UNT Health Science Center, Fort Worth, TX, USA; 2Cook Children’s Medical Center, Fort Worth, TX, 
USA; 3Texas Christian University, Fort Worth, TX, USA

Purpose: Anthracyclines have been used in the management of children with acute leukemia (AL) but have a dose-limiting toxicity on 
cardiac function. Cardiotoxicity is correlated with age at treatment, total cumulative dose of anthracyclines administered, and delivery of 
radiation therapy to the mediastinum. Current Children’s Oncology Group (COG) treatment guidelines recommend that childhood cancer 
survivors who received anthracyclines be monitored for long-term cardiotoxic effects using echocardiograms (ECHO) and electrocardiograms 
(ECG). To date there has been little research on whether adhering to COG guidelines reduces morbidity or mortality in these survivors. Cardiac 
monitoring has narrow clinical utility in childhood cancer survivors with low dose anthracylines, and who show no changes in cardiac 
function over time. 

Methods: A retrospective chart review of the 140 AL survivors seen in the Cook Children’s Life After Cancer Program (LACP) who received 
cardiac screening ECHOs and ECGs between January 1, 2011, through June 30, 2013, was performed in order to examine the clinical 
utility of screening ECHOs and ECGs. Median total dose of anthracyclines was 165 mg/m2 (range 50-410 mg/m2), and median age at time 
of treatment was 3.92 years. 23 of the 140 AL survivors received total body irradiation (TBI) and 2 received spinal radiation as part of their 
treatment. 

Results: No significant correlation exists between total dose of anthracyclines and decreases in left ventricular function (ejection fraction, 
shorting fraction, or left ventricular wall thickness) measured from ECHOs performed as part of cardiac monitoring. Results from this study 
showed most AL survivors displayed no signs of cardiotoxicity on cardiac testing. Only 5 participants required further cardiac evaluation. Of 
those 5, only 2 participants required further cardiac management. 

Conclusions: Findings from this study suggest that a subgroup of AL survivors could benefit from less frequent screening, resulting in less 
time away from school and/or work and prevent extra medical cost.

28. EVALUATING THE UTILITY OF CARDIAC MAGNETIC RESONANCE IMAGING IN CHILDHOOD CANCER SURVIVORS: THE RESONANCE 
IMAGING TRIAL OF HEART BIOMARKERS (RITHM) Sharon M. Castellino MD, MSc1,2,3, Janet A, Tooze, PhD, MPH1,3, Jennifer Jordan, PhD1,4,5, 
Ann C. Mertens, PhD6,7, Shannon L. Golden, MA1,2, Rebecca Williamson, MPH6,7, Arthur E. Stillman, MD, PhD8, Sujethra Vasu, MD1,4, Kimberly 
Lane1,4, Craig A. Hamilton, PhD1,5, W. Greg Hundley, MD1,4

1Wake Forest School of Medicine, 2Department of Pediatrics, 3Division of Public Health Sciences, 4Department of Internal Medicine, 
Cardiology, 5Department of Biomedical Engineering, Winston-Salem, NC, USA; 6Aflac Cancer and Blood Disorders Center at Children’s 
Healthcare of Atlanta, Atlanta, GA, USA; 7Department of Pediatrics, Emory University, 8Department of Radiology and Imaging, Emory University, 
Atlanta, GA, USA

Purpose: Cardiovascular disease is a leading cause of morbidity and mortality in pediatric cancer survivors. To date, no accurate, non-
invasive method is available to detect cardiotoxicity in survivors before permanent damage is sustained. RITHM evaluated cardiovascular 
magnetic resonance imaging (CMR) for detecting subclinical change in cardiac morphology and function in asymptomatic cancer survivors of 
contemporary therapy.

Methods: In this cross-sectional study, survivors who received anthracycline chemotherapy with or without thoracic radiation (RT) were 
enrolled at two sites. Cine and phase-contrast CMR (1.5T Siemens Avanto, Erlangen, Germany) assessments of volumetrics and strain were 
performed. Measures of volume and mass were indexed (i) for body surface area. A linear model (adjusted for age, gender, body mass index, 
and time from end of treatment) was used to compare CMR measures.

Results: Survivors (n=75) averaged 22.2 years of age; 43% had received anthracycline and RT. Survivors were a median of 7.7 (range 
2-21) years from completion of treatment; mean cumulative doxorubicin equivalent dose of 224 mg/m2 (range 72-450 mg/m2). While left 
ventricular ejection fraction (LVEF) and strain were preserved, survivors who received RT had significantly lower mean stroke volumes (SVi), 
end diastolic volumes (LVEDVi), and end systolic volume (LVESVi) (Table1). LV mass was not significantly lower; pulse wave velocity (PWV) and 
mass/LVEDV ratio were equivalent.
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Table 1.

Anthracycline (n=43) Anthracycline+RT (n=32 p-value

LVEF, % 58.3 58.4 0.94

Myocardial wall strain, % -16.4 -16.5 0.81

LV mass i, g/m2 70.9 65.7 0.12

SVi, ml/m2 42.7 37.2 0.02

LVEDVi, ml/m2 72.8 63.7 <0.01

LVESVi, ml/m2 30.0 26.5 0.03

Mass/LVEDV 1.03 0.97 0.13

PWV, m/s 3.3 3.2 0.63

Conclusions: In a cohort of young asymptomatic survivors, CMR is sensitive to subclinical changes in cardiac morphology related to therapy. 
Further evaluation in longitudinal studies and against healthy age mates are needed to validate imaging biomarkers for future intervention studies. 

29. UTILITY OF ECHOCARDIOGRAPHY AS SCREENING FOR LATE ANTHRACYCLINE INDUCED CARDIOMYOPATHY  
Diana Moke, MD1,2, Lynn Schubert RN2, Heather Sun, MD1,2, Beth Printz, MD2, Andrew Dietz, MD, MS3

1University of California San Diego, San Diego, CA, USA; 2Rady Children’s Hospital, San Diego, CA, USA; 3University of Utah, Salt Lake City, UT, 
USA, Primary Children’s Hospital, Salt Lake City, UT, USA

Purpose: To assess utility of echocardiogram screening for late anthracycline induced cardiotoxicity based on the Children’s Oncology Group 
(COG) survivorship guidelines.

Methods: A retrospective chart review of patients seen in the Thriving After Cancer Clinic at Rady Children’s Hospital from January 2006 
to June 2014 was performed. Treatment data, echocardiogram results starting from end of therapy (EOT), and cardiology referral data were 
abstracted from anthracycline-exposed survivors. Simple descriptive and univariate comparative statistics were performed. 

Results: Of 398 patients (46.5% female, median 5.3 years old at diagnosis, median 4.6 years from EOT), 25 (6.3%) were referred to 
cardiology for decline in heart function by echocardiography with 10 (2.5%) requiring cardiac medication initiation. Ten patients (2.5%) had 
cardiology referral and 6 patients (1.5%) had cardiac medication initiation prior to 1 year after EOT, still in the subacute phase. Referral for 
late cardiotoxicity, defined as at least 1 year after EOT, occurred in 15 (3.9%) with 4 (1.0%) requiring cardiac medication initiation. Those 
requiring cardiac medication for late cardiotoxicity were exposed to more anthracyclines than other survivors (368 mg/m2 vs. 180 mg/m2, 
p=0.01), but none were exposed to neck or chest radiation. Cardiac medication initiation for late cardiotoxicity occurred at 13, 15, 36, and 
164 months after EOT. There was no need for late cardiac medication initiation in patients with <300 mg/m2 of anthracycline exposure.

Conclusions: In this population, late anthracycline induced cardiotoxicity requiring medication intervention was limited and predominantly 
in the first 3 years after EOT, with none found between 3.0 and 13.7 years after EOT. Most echocardiograms performed, especially in those 
patients with lower doses of anthracycline exposure, resulted in normal results or cardiology referrals without intervention.

30. ARTERIAL STIFFNESS IN CHILDHOOD CANCER SURVIVORS Julie Krystal, MD1, Marina Reppucci, BA2, Theresa Mayr, RN1, Nina Kohn, 
MBA MA3, Jonathan Fish, MD1, Christine Sethna, MD4

1Division of Pediatric Hematology-Oncology, Cohen Children’s Medical Center, New Hyde Park, NY, USA; 2Hofstra Northshore-LIJ School of 
Medicine, Hempstead, NY, USA; 3Feinstein Institute for Medical Research, Manhasset, NY, USA; 4Division of Pediatric Nephrology, Cohen 
Children’s Medical Center, New Hyde Park, NY, USA

Background: Childhood cancer survivors (CCS) are at increased risk of developing cardiovascular disease. Arterial stiffness, as measured by 
Pulse Wave Velocity (PWV), has been shown in adults to be predictive of cardiac events and cardiac mortality. Increased PWV has been seen 
in adults following chemotherapy, but has not yet been explored in CCS.

Purpose: To evaluate PWV in a cohort of CCS and healthy children.

Patients and Methods: PWV was measured in CCS and healthy controls >6 years old. CCS were >12 months off-therapy and free 
of cardiac disease, diabetes, and renal dysfunction. Data on height, weight, blood pressure (BP), and medications were recorded on all 
participants. Cancer diagnosis, age at diagnosis, time off therapy, chemotherapy and radiation exposures were recorded for the CCS. 

Results: Sixty-eight CCS (mean age17.3±6 years, 52.9% male), and 51 controls (mean age 18.4±5.5. years, 37.3% male) were evaluated. 
CCS diagnoses included 34% lymphoma, 44% leukemia, and 22% solid tumor with 49% exposed to radiation. CCS were off therapy for 
7±4.2 years. The two groups were statistically similar in age, BMI and BP. PWV did not significantly differ between CCS and controls (5.7±1.1 
vs. 5.6±0.9 ms, p=0.5). CCS exposed to radiation therapy had significantly greater PWV than those not exposed (6.0±1.2 vs 5.5±0.9, p 
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=0.039) in univariate analysis, but not after adjusting for age, SBP, and GFR. In the CCS group, PWV was directly associated with age, BMI, 
SBP, DBP, age at diagnosis and years off therapy, while PWV was inversely associated with GFR. Anthracycline dose and chemotherapy 
exposures were not predictive of increased PWV in CCS. 

Conclusion: Contrary to published adult data, we did not identify increased PWV in CCS. Further studies are needed to determine the 
predictive value of PWV in this population and its utility as a screening modality. 

31. DECREASED CAROTID ARTERY ELASTICITY IN YOUNG ADULT SURVIVORS OF CHILDHOOD CANCER Kara Marlatt, MS, Julia 
Steinberger, MD, MS, Donald R. Dengel, PhD, Karim Thomas Sadak, MD, MPH, MSE, Aaron S. Kelly, PhD. 

University of Minnesota, Minneapolis, MN, USA

Purpose: To compare measures of vascular health in a cohort of young adult survivors of childhood cancer (adult CCS) to healthy age- and 
sex-matched controls.

Project Description: Thirty adult CCS and 52 controls were examined. CCS diagnoses included ALL (n=23) and NHL (n=7). Treatment 
histories varied but all survivors received some form of chemotherapy and 33% (10/30) received radiation. Vascular measures included 
carotid blood/pulse pressures, intima-media thickness, lumen diameter, vessel wall cross-sectional area. Vascular measures of carotid 
elasticity included cross-sectional distensibility/compliance and incremental elastic modulus. Independent t-tests were used to identify 
differences between CCS and controls in demographic characteristics and vascular measures.

Results: CCS were 26.3±6.2 years of age at assessment. Age was not different between groups. Survivors had higher body weight 
(p=0.0008) and BMI (p<0.0001) compared to controls. Survivors demonstrated carotid wall thickening including higher intima-media 
thickness (p<0.0001), ratio of intima-media thickness to lumen diameter (p=0.0003) and vessel wall cross-sectional area (p=0.005). Carotid 
artery elasticity was lower in survivors when compared to controls: cross-sectional distensibility (<0.0001) and cross-sectional compliance 
(p=0.0002). Incremental elastic modulus was higher in CCS compared to controls (p<0.0001), also indicative of decreased elasticity.

Conclusions: In a small cohort of childhood ALL and NHL survivors with varying treatment histories, CCS had decreased carotid artery 
elasticity when compared to a group of similar-age controls. This may warrant further investigation into potential etiologies for these 
differences as well as interventions aimed at improving artery health in CCS.

32. ENDOTHELIAL CELL RESPONSES IN THE HIPPOCAMPUS AND CEREBELLUM AFTER IRRADIATION TO THE YOUNG MOUSE BRAIN 
Martina Boström, PhD1, Marie Kalm, PhD2, Cecilia Bull, PhD1, Thomas Björk-Eriksson, MD, PhD3, Nina Hellström Erkenstam, PhD4, and Klas 
Blomgren, MD, PhD5,6

1Department of Oncology, Institute for Clinical Sciences, University of Gothenburg, Sweden; 2Department of Pharmacology, Institute for 
Neuroscience and Physiology, University of Gothenburg, Sweden; 3Department of Radiation Oncology, Sahlgrenska University Hospital, 
Gothenburg, Sweden; 4Department of Physiology, Institute for Neuroscience and Physiology, University of Gothenburg, Sweden; 5Department 
of Pediatrics, Institute for Clinical Sciences, University of Gothenburg, Sweden; 6Department of Women’s and Children’s Health, Karolinska 
Institutet, Stockholm, Sweden

Background: Cranial radiotherapy is essential in the treatment of malignant pediatric brain tumors, but is unfortunately associated with 
long-term side effects, including cognitive decline, particularly in children. The underlying cellular mechanisms are only partly known 
and the relative contribution of, for example, reduced neurogenesis, perturbed myelination, astrogliosis, neuronal cell death, and vascular 
dysfunction, is a matter of debate. 

Methods: In the current study we investigated the role of the vasculature in cranial radiotherapy. Postnatal day 14 mice received a 
single absorbed dose of 10 Gy whole brain irradiation (IR) and were sacrificed 6 hours, 24 hours or 7 days post IR. Endothelial cells were 
isolated from the hippocampus and from the cerebellum using fluorescence-activated cell sorting, followed by cell cycle analysis and gene 
expression profiling. 

Results: Flow cytometry revealed that IR increased the percentage of endothelial cells (relative to the whole cell population) in both the 
hippocampus and the cerebellum, indicating that other cell types were more susceptible to IR-induced cell death. However, IR suppressed 
proliferation of endothelial cells, as judged by a decreased percentage of cells in S phase and an increased percentage in G0/G1 phase 
of the cell cycle 6 hours after IR. Genes involved in endothelial cell-specific apoptosis (e.g. ASMase) were not induced at any time point 
investigated. Inflammation-related genes, on the other hand, were strongly induced, such as CCL2, CCL11 and IL-6. 

Conclusions: We conclude that endothelial cells do not undergo apoptotic cell death to the same extent as other cell types in the 
hippocampus and the cerebellum after IR, but that they display reduced cell proliferation. In addition, we demonstrate that endothelial cells 
play an active, hitherto unknown, role, in the inflammatory response after IR. 
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33. EARLY ANTHRACYCLINE EXPOSURE INDUCES CARDIAC DYSFUNCTION AND INDUCES COLLAGEN PRODUCTION BY CARDIAC 
FIBROBLASTS Thomas G. Andrews, MSc1, Merry L. Lindsey, PhD2, Richard A. Lange, MD, MBA3, Gregory J. Aune, MD, PhD1

1Greehey Children’s Cancer Research Institute; 2University of Mississippi Medical Center; 3Texas Tech Health Science Center

Purpose of Study: Exposure to anthracycline chemotherapies results in cardiac fibrosis. We have developed a novel pediatric mouse model 
of acute anthracycline-induced cardiotoxicity to study early myocardial cellular changes. 

Project Description: Starting at two weeks of age, doxorubicin (5 mg/kg, n = 8) or saline control (n = 4) was injected into the peritoneal 
cavity of C57BL/6J mice weekly for five weeks. Animals were evaluated at the following ages: acute exposure- 3 wks and 5 wks; treatment 
recovery- 7 wks and 11 wks. Analyses included: 1) echocardiography 2) quantitation of left ventricle (LV) neutrophils, fibroblasts, and collagen 
and 3) myocyte cross-sectional area.

Results: Body weight decreased in treated animals by the following percentages: 3 wks (16.7%), 5 wks (21.3%), 7 wks (44.4%) and 11 wks 
(38.0%; all p<0.05 compared to age matched saline controls). No difference in tibia length between control and treated animals was noted 
at any age (p=0.74). As anticipated, there was a marked decreased in ejection fraction at all time points evaluated, with an average decrease 
of 20% (all p<0.05). In addition, no difference in LV mass was noted in treated animals, indicating that LV growth and development was 
preserved. Histologic analysis of LV revealed no difference in myocyte cross-sectional areas (p=0.89) but increased collagen during treatment 
recovery. In contrast, increased neutrophils were noted with the following percentages: 3 wks (22%), 5 wks (56%), 7 wks (38%) and 11 wks 
(45%). Finally, a large decrease in fibroblast numbers was noted at 3 wks (45.3%; p<0.05), and this was not different at later ages. 

Conclusions: These data indicate that although LV growth and development is preserved in pediatric mice exposed to doxorubicin, cardiac 
function is decreased and accompanied by histologic and cellular changes in the LV. Future studies will aim to elucidate the molecular 
responses in cardiac fibroblasts.

34. LEFT VENTRICULAR MASS AND AMBULATORY BLOOD PRESSURE – IMPORTANT FOLLOW-UP MARKERS IN CHILDHOOD CANCER 
SURVIVORS A. Vatanen, MD1, T.H. Ojala, PhD, MD2, T. Sarkola, PhD, MD2, M. Turanlahti, PhD, MD2, T. Jahnukainen, PhD, MD3,  
U.M. Saarinen-Pihkala, PhD, MD1, K. Jahnukainen, PhD, MD1,4

Division of Hematology-Oncology and Stem Cell Transplantation1, Division of Cardiology2 and Division of Transplantation3, Children’s Hospital, 
University of Helsinki, Helsinki University Hospital, Helsinki, Finland; Department of Women’s and Children’s Health4, Karolinska Institute and 
University Hospital, Stockholm, Sweden

Aims: The aim of this study was to investigate left ventricular mass (LVM) and cardiac function - predictors of cardiovascular morbidity and 
mortality - in young adult survivors of childhood cancer treated with intensive induction chemotherapy regimens followed by myeloablative 
treatment with hematopoietic stem cell support.

Methods: Our national cross-sectional study cohort consisted of 19 adult (age 22.7±4.9 years, range 16-30) neuroblastoma (NBL) 
survivors and 20 age and sex matched healthy controls. NBL survivors were transplanted during 1984-1999 at the mean age of 2.5±1.0 
years. Indexed LVM, left ventricular (LV) function and volumes were assessed with Three-Dimensional echocardiography and Tissue Doppler 
echocardiography. The cardiovascular risk assessment included history, body-mass index, fasting plasma lipids, glucose, and 24h ambulatory 
blood pressure (BP).

Results: Survivor’s indexed LVM was increased compared with healthy controls (33.9 g/m2.7 vs. 28.1g/m2.7, p=0.038). In multiple linear 
regression analysis, the systolic BP was positively associated with LVM in NBL survivors. Increased LVM in survivors was associated with 
a decrease in both systolic and diastolic LV function. The end diastolic LV volume was decreased in the irradiated patient group when 
compared with controls suggesting myocardial fibrosis related restriction (41.1ml/m2 vs 48.5ml/m2, p=0.004).

Conclusions: LVM is increased in long-term childhood cancer survivors. The treatment of BP might prevent adverse left ventricular 
remodeling in these patients.

35. CARDIOVASCULAR RISK FACTORS IN CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA SURVIVORS Valérie Marcil, PhD, RD, Jade 
England, Sophia Morel, Josée-Anne Boucher, Jade Leahy, Maryse Fournier, Anita Franco, MS, Maja Krajinovic, MD, PhD, Caroline Laverdière, 
MD, Daniel Sinnett, PhD, Emile Levy, MD, PhD, 

Sainte-Justine UHC, Montreal, Quebec, Canada

Purpose of Study: It is estimated that about 70% of survivors of childhood acute lymphoblastic leukemia (cALL) have substantial long-term 
morbidities as a result of their treatments. In particular, they may face significant long-term metabolic and cardiovascular complications. 
Growing evidence indicates the high occurrence of obesity, glucose intolerance, dyslipidemia and hypertension, which together make up 
the metabolic syndrome (MetS). However, no specific biomarker able to predict the development of MetS in cALL survivors has yet been 
identified. Since the MetS is characterized by an altered oxidative/antioxidant balance and by subclinical inflammation, we evaluated the 
predictive value of circulating components of oxidative stress and inflammation in cALL survivors. 
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Project: Patients for this study (n=88, mean age of 22.5) were recruited as part of the PETALE project at Sainte-Justine UHC. Biochemical 
tests were performed and data were compared to cut-off values for age and gender. Several circulating pro-oxidant and inflammatory 
parameters, including those reflecting endothelium biomarkers, were assessed.

Results: Plasma levels of tumor necrosis factor-α and C-reactive protein (CRP), markers of systemic inflammation, were elevated in subjects 
presenting 3 cardiometabolic risk factors as compared to those with 2 or less. CRP was also elevated in patients with obesity and insulin 
resistance. Plasma interleukin-6 levels were found correlated with HbA1c and triglyceride concentrations. Additionally, oxidized low-density 
lipoprotein, a biomarker of oxidative stress and a promoter of an inflammatory and atherogenic environment, was elevated in dyslipidemic 
subjects and was positively correlated with LDL-cholesterol and triglycerides. While plasma soluble intercellular adhesion molecule 1 
and E-selectin were elevated in subjects with MetS, E-selectin was closely correlated with body mass index, waist circumference, fasting 
glucose, HbA1c and HDL-cholesterol. 

Conclusions: Key oxidative stress and inflammation biomarkers were highly predictive of MetS in cALL survivors and may represent 
diagnostic and prognostic tools to evaluate cardiometabolic disorders in that population.

36. EFFECTS OF HYPOTHALAMIC RADIATION ON CARDIOMETABOLIC RISK FACTORS AND BONE DENSITY IN SURVIVORS OF 
CHILDHOOD BRAIN TUMORS Susan Y. Wu1, Raven Cooksey, MD2, Amit Gode, MPH1, Laura Klesse, MD, PhD1, Jon Oden, MD1,  
Gloria L. Vega, PhD1, Lynn Gargan, PhD3, Daniel C. Bowers, MD1

1University of Texas Southwestern Medical Center at Dallas, TX, USA; 2Children’s Hospital of The King’s Daughters, Norfolk, VA, USA; 
3Children’s Medical Center of Dallas, TX, USA

Background: This study examines the prevalence of and risk factors for metabolic syndrome and bone density among childhood brain 
tumor survivors following exposure to hypothalamic radiation therapy.

Methods: Patients underwent fasting lab assays (lipid panel, insulin, glucose, leptin, and adiponectin), anthropometric measurements 
(height, weight, waist circumference), and body composition by Dual-energy X-ray Absorptiometry (DXA). Insulin resistance was identified 
using the homeostasis model assessment of insulin resistance (HOMA-IR). Metabolic syndrome was diagnosed according to the International 
Diabetes Foundation criteria in children 10 years and older; children between 5-10 years of age who met 3/5 risk factors were classified as 
having concomitant cardiometabolic risk. 

Results: 145 survivors of childhood brain tumors (70 exposed; 75 not exposed) between 5-21 years old (mean: 13.5 years, SD: 3.9 years, 
average interval since treatment: 72 months) were examined. Metabolic syndrome and/ or metabolic risk factors were more common in 
patients who were exposed to hypothalamic radiation (7/38, 18.4%) than those who were not exposed (4/76, 5.2%) (p = 0.04). Patients 
exposed to hypothalamic radiation had lower Bone Mineral Content (BMC) and Bone Mineral Density (BMD) z-scores (-1.3 vs. -0.3; p = 
0.003 and -1.4 vs. -0.2; p = <0.001 respectively). Patients who were exposed to hypothalamic radiation were more likely to have elevated 
triglyceride levels (p = 0.02), low HDL levels (p = 0.04), and lower IGF-1 levels (p=0.001). Patients with elevated HOMA-IR had elevated 
leptin levels (p = 0.001), lower adiponectin levels (p = 0.04), and elevated leptin:adiponectin ratios (p = 0.001).

Conclusions: These results demonstrates that childhood brain tumor survivors who have been exposed to hypothalamic radiation are at 
increased risk of developing components of metabolic syndrome, in particular dyslipidemia and insulin resistance, as well as decreased bone 
density. These findings have significant clinical implications for the long-term care of these patients.

37. HIGH METABOLIC RISK IS ASSOCIATED WITH A SMALL HYPOTHALAMIC VOLUME IN ACUTE LYMPHOBLASTC LEUKEMIA (ALL) 
SURVIVORS 34 YEARS AFTER CRANIAL RADIOTHERAPY Cecilia Follin1, Sanaz Gabery, PhD2 , Åsa Petersen, MD, PhD2, Pia Maly Sundgren, 
MD, PhD3, Isabella Björkman-Burtcher3, Jimmy Lätt, PhD3, Peter Mannfolk, PhD3, Eva Marie Erfurth, MD, PhD1

1Department of Endocrinology, Skane University Hospital, Lund, Sweden; 2Translational Neuroendocrinology, Lund University, Lund, Sweden; 
3Department of Diagnostic Radiology, Skane University Hospital, Lund, Sweden

Background: Metabolic complications (obesity, lipid abnormalities and insulin resistance) are prevalent in ALL survivors treated with 
cranial radiotherapy (CRT). The hypothalamus (HT) is a complex area involved in endocrine function and metabolic control. In ALL survivors, 
assessment of the volume of the HT in relation to metabolic parameters including ghrelin, a peptide stimulating food intake, has not been 
performed previously.

Method: Thirty-four (21 women) ALL survivors, on complete hormone supplementation, were investigated 34 years after ALL diagnosis.  
Their median-age was 38 (27-46) years and they had been treated with a CRT dose of 24 Gy. Comparison was made with 31 matched 
controls. Assessments of BMI (kg/m2), waist (cm), fat mass (DEXA/kg), fat free mass (kg), plasma (p)-glucose (mmol/L), p-Insulin (mIE/L), 
Homa-Index, s-leptin (µg/L) and s-Ghrelin (ng/L) was performed. Magnetic resonance imaging (MRI) was performed to conduct volumetric 
analysis of the HT. 



34

Results: S-leptin levels (r=-0.4, P=0.04) and fat mass (r = - 0.4, P = 0.01) were negatively correlated with the HT volume among the 34 
ALL survivors, but not among the matched controls (P > 0.3). There was a trend of a smaller HT volume among the ALL women compared 
to gender matched controls (846 vs 869 mm3, P=0.06). Significantly higher BMI (27.9 vs 22.6 kg/m2), waist (89 vs 79 cm), fat mass (29.9 
vs 22.4 kg), p- insulin (10 vs 6 mIE/L), Homa-Index (0.15 vs 0.07), leptin/kg fat mass (1.09 vs 0.6) and s-Ghrelin (1560 vs 993 ng/L) and 
significantly lower fat free mass (35.4 vs 41.6 kg) were recorded among the female ALL survivors compared to matched controls (all P<0.01). 

Conclusion: ALL women treated with CRT are at high risk of metabolic abnormalities in association with a smaller HT volume 34 years after 
ALL diagnosis. These findings suggest a hypothalamic effect of the metabolic complications.

38. GENOMIC DETERMINANTS OF LONG-TERM CARDIOMETABOLIC COMPLICATIONS IN CHILDHOOD ACUTE LYMPHOBLASTIC 
LEUKEMIA SURVIVORS J. England, V. Marcil, PhD, M. Krajinovic, MD, C. Laverdière, MD, E. Levy, MD PhD, D. Sinnett, PhD

CHU Sainte-Justine, Mother and Child University Hospital Center, Montréal, Québec, Canada

Purpose of study: Acute lymphoblastic leukemia (ALL) is the leading cause of death by disease in children. Recent development in 
therapies allows cure rates up to 85% in children, but this medical success comes at the expense of late residual toxicity. In fact, at least 
60% of the ALL survivors develop chronic health issues including, metabolic and cardiovascular complications. Growing evidence indicates 
the high occurrence of obesity, glucose intolerance, dyslipidemia, and hypertension, which together define metabolic syndrome (MS). Since 
studies have shown that 50% of the variance in blood pressure, BMI, and plasma lipid composition is related to genetics, we have postulated 
that genetic susceptibility may modify the risk of developing MS in ALL survivors. 

Summarized description of project: Participants of this study (n=43, mean age 19.58+/- 5.54) were recruited as part of the PETALE 
project at Sainte-Justine Hospital, Montreal, Canada. Extensive clinical, biochemical, and genomic data were collected and compared to 
cut-off values for age and gender. To identify the genetic factors with the potential to contribute to the development of cardiometabolic risk 
factors, we performed association studies between common and rare variants and components of MS using PLINK and QuTie/CCRaVAT.

Results and conclusions: Our results show that 67% of our subjects presented with at least one cardiometabolic risk factor with dyslipidemia 
and obesity, which constituted the most frequent complications found in survivors (44% and 35%, respectively). Our genetic association studies 
also revealed that a common variant of the SPTBN5 gene is linked to obesity whereas a common WRN gene variant is associated with insulin 
resistance. Intriguingly, despite the high prevalence of dyslipidemia, no variant was found associated with this condition. We will validate and 
expand these findings with the growing number of subjects that are recruited as a part of the PETALE study (at present n=150 patients). 

39. LEAN MASS AND LIFESTYLE FACTORS IN SURVIVORS OF CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA: A REPORT FROM THE 
ST. JUDE LIFETIME COHORT STUDY Robyn E. Karlage, MS1, James P. Delany, PhD2, Alexandra M. Boland3, Sue C. Kaste, DO4, Lu Lu, MS1, 
Todd M. Gibson, PhD1, Jennifer Q. Lanctot, PhD1, Melissa M. Hudson, MD5, Leslie L. Robison, PhD1, Kirsten K. Ness, PT, PhD1

1Department of Epidemiology and Cancer Control, St. Jude Children’s Research Hospital, Memphis, TN, USA; 2Division of Endocrinology 
and Metabolism, University of Pittsburgh, Pittsburgh, PA, USA; 3School of Public Health, University of Minnesota, Minneapolis, MN, USA; 
4Department of Radiological Sciences, St. Jude Children’s Research Hospital, Memphis, TN, USA; 5Department of Oncology, St. Jude 
Children’s Research Hospital, Memphis, TN, USA 

Background: Survivors of childhood acute lymphoblastic leukemia (ALL) are at risk for treatment-related low lean mass, associated muscle 
weakness and sedentary lifestyles. In non-cancer populations with a similar phenotype, increasing protein intake, in combination with 
resistance training, improves lean mass. This association has not been explored in adult survivors of childhood ALL. Therefore, the aims of 
this study were to evaluate associations between dietary protein intake and lean mass in adult survivors of childhood ALL, and to determine 
if this association differed from a comparison group. 

Method: Lean mass was determined with dual X-ray absorptiometry and dietary information was obtained with three, nonconsecutive  
24-hour dietary recalls. 

Results: Study participants included 365 [52% male, 87% white, median age 28.5, (range 23.6-31.7) years, time since diagnosis 21.9 
(18.2-25.9) years] survivors treated from 1980-1999 at St. Jude Children’s Research Hospital and 365 age-, sex- and race-matched healthy 
comparison group members (controls). There was no difference in total body weight [survivors 81.4 (79.1-83.7), controls 81.4 (79.1-83.6) 
kg], but lean mass [survivors 55.0 (53.6-56.4), controls 57.2 (55.9-58.6) kg, p=0.03] and percent lean mass [survivors 68.6% (67.7%-
69.5%), controls 71.4% (70.4%-72.5%), p<0.0001] differed between groups. There was no difference between groups when comparing 
proportions who met recommended dietary intake (0.8 grams/kilogram/day) of protein (survivors 71.1%, controls 69.7%). After adjusting 
for host-, treatment- and lifestyle-related variables, an increase in one gram/kilogram of body weight of daily protein intake was associated 
with a 7.9% increase in lean muscle mass. Participation in resistance training ≥1 time per week was associated with a 2.3% increase in lean 
mass. The effect of protein intake on lean mass was similar for survivors and controls (p=0.76). 

Conclusion: In addition to participation in regular physical activity that includes resistance training, survivors of childhood ALL with low lean 
muscle mass should optimize dietary intake of protein. 
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40. PHYSICAL AND MENTAL HEALTH FUNCTION IN YOUNG ADULT SURVIVORS OF PEDIATRIC CANCER AT RISK FOR 
CARDIOVASCULAR (CV) LATE EFFECTS FOLLOWING CONTEMPORARY TREATMENT: FINDINGS FROM THE RESONANCE IMAGING 
TRIAL FOR HEART BIOMARKERS (RITHM) STUDY Rebecca Williamson MPH1, Ann C. Mertens PhD1,2, Janet A. Tooze PhD,MPH3,5, Shannon 
Golden MA3,4, Nancy Avis PhD3,5, Sharon Castellino MD, MSc3,4,5 
1Aflac Cancer and Blood Disorders Center at Children’s Healthcare of Atlanta, Atlanta, GA, USA; 2Department of Pediatrics at Emory University, 
Atlanta, GA, USA; 3Wake Forest School of Medicine, 4Department of Pediatrics, 5Division of Public Health Sciences, Winston-Salem, NC, USA

Background: The purpose of this analysis is to characterize health-related quality of life (HRQoL) among young adult (YA) survivors of 
pediatric cancer who are at risk for cardiovascular (CV) late effects but have preserved LV ejection fraction and are asymptomatic with 
regards to CV symptoms.

Methods: YA survivors with a history of anthracycline chemotherapy with or without thoracic radiation, and age-, sex-, BMI- and race/
ethnicity-matched healthy controls enrolled in the RITHM study and completed the PROMIS® Global Short Form (SF). Global physical and 
mental health scores were computed and converted to US general population standardized t-scores. Survivors with global scores >1 
standard deviation below the mean of the healthy matched controls were classified as poor health status. Comparisons between groups were 
made using Fisher’s exact and t-tests. 

Results: Overall, 53 survivors and 19 healthy controls completed the PROMIS-SF at a mean±SD age 22.6±3.5 years. Survivors were a 
median of 7.0 years from the end of all cancer treatment. There was no difference in education, prevalence of smoking, or physical activity 
between survivors and controls. Overall, controls reported high HRQoL: mean±SD physical t-score: 58.5±5.2 and mean mental t-score: 
58.5±6.4. In comparison, survivors reported significantly poorer physical (53.9±7.8; p=0.02) and mental health (53.2±8.4; p=0.02). Among 
survivors, 43.4% reported poor physical health, with a higher proportion of those diagnosed ≥10 years old having poor physical HRQoL 
(50.0% vs. 18.2%, p=0.09). Poor mental health was reported in 37.7% of survivors, with more females (54.2% vs. 24.1%, p=0.05) and those 
treated with both thoracic radiation and anthracycline therapy (55.0% vs. 27.3%, p=0.08) classified as poor. 

Conclusion: Compared to matched controls, YA pediatric cancer survivors at risk for CV morbidity report lower physical and mental HRQoL 
within the first decade following treatment. HRQoL may be an early indicator of those at risk for closer CV surveillance. 

41. STRONG4LIFE HEALTH HABITS OF PEDIATRIC CANCER SURVIVORS Sarah Shulman, BS, Rebecca Williamson, MPH1, Ann C. Mertens, 
PhD1, Stephanie M. Walsh, MD1,2, Karen Wasilewski, MD, MSc1, and Lillian R. Meacham, MD1

1Department of Pediatrics, Emory University, Atlanta, GA, USA; 2Wellness Department, Children’s Healthcare of Atlanta, Atlanta, GA, USA

Background: Childhood cancer survivors are at risk for cardiac disease due to their cancer treatments. High body mass index (BMI) can 
further increase risk of cardiac disease. This study aims to determine the healthy habits profiles of pediatric cancer survivors by their BMI.

Methods: Survivors seen in the Aflac Cancer Survivor Clinic completed a healthy habits assessment measuring their: fruits and vegetable 
consumption, frequency of meals eaten out, daily activity level, sweetened beverages consumption, daily screen time and willingness to 
modify a habit on a 4-point Likert scale. They also selected which habit(s) they were willing to change. Patients at targeted levels of each habit 
were identified. Demographics, BMI, treatment variables, and presence of cardiovascular risk factors (CVRF) (hypertension, hyperlipidemia, 
and diabetes mellitus) were abstracted from medical records. Risk for CVRF was determined using the Children’s Oncology Group Long-Term 
Follow-Up 2012 Guidelines. Significant change in BMI z score in overweight and obese patients after one year was analyzed.

Results: The assessment was completed by 79% (n=475) of patients seen in clinic. Patients at target behavior included: 44% for daily 
activity, 40.3% for eating out, 34% for sweetened beverage consumption, 14.6% for screen time and 3.6% for fruits and vegetables 
consumption. No differences were found by BMI category except obese patients were less likely to eat out (p=0.012). The most commonly 
chosen habit to work on was limiting sweetened drinks while the least commonly chosen habit was decreasing screen time. After one year, 
43.7% of overweight and obese patients had a significant decrease in BMI z score (≤-0.04). Factors associated with decreased BMI were 
younger age and being non-Hispanic. 

Discussion: A healthy habits assessment is a tool that can be used to tailor counseling; however an intervention is needed for favorable 
change in BMI.

42. DIETARY FIBER INTAKE AND CARDIOMETABOLIC CONDITIONS AMONG ADULT SURVIVORS OF CHILDHOOD CANCER: A REPORT 
FROM THE ST. JUDE LIFETIME COHORT STUDY Fang Fang Zhang1, Rohit Ojha2, Yinan Jia1, Jennifer Lanctot2, Wassim Chemaitilly2, Kevin 
Krull2, Melissa Hudson2 
1Tufts University, Boston, MA, USA; 2St. Jude Children’s Research Hospital, Memphis, TN, USA

Background: Childhood cancer survivors experience high risk of dyslipidemia, insulin resistance, hypertension, and obesity in young 
adulthood. A high-fiber diet is associated with reduced risk of cardiometabolic conditions but it remains unclear whether such a diet can 
decrease cardiometabolic morbidity in childhood cancer survivors.
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Methods: For 2,571 young adult survivors of childhood cancer (mean ± SD for age = 32.6 ±8.3 years) in the St. Jude Lifetime Cohort 
Study, self-reported dietary intake was assessed using the Block food frequency questionnaire. Systematic medical assessments included 
measurements of blood pressure, weight, height, waist circumference, serum fasting lipids, glucose, and insulin. Logistic regression was 
used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) after adjusting for age, sex, race/ethnicity, family income, total energy 
intake, physical activity, smoking, alcohol consumption, and dietary patterns. 

Results: The mean dietary intake of fiber was 8.5 g/day per 1,000 kcal calories, substantially lower than that recommended intake (14 g/
day per 1,000 calories). Compared to survivors in the lowest quartile of fiber intake, those in the highest quartile had 30-40% lower odds 
of prevalent dyslipidemia (OR=0.69, 95%CI: 0.51-0.95, Ptrend=0.02), hypertension (OR=0.65, 95%CI: 0.47-0.90, Ptrend=0.007), insulin 
resistance (OR=0.62, 95%CI: 0.45-0.85, Ptrend=0.006), and metabolic syndrome (OR=0.61, 95%CI: 0.42-0.87, Ptrend=0.03). 

Conclusions: High dietary intake of fiber was inversely associated with the prevalence of multiple cardiometabolic conditions among young 
adult survivors of childhood cancer. 

43. DIETARY SODIUM INTAKE AND CARDIOMETABOLIC CONDITIONS IN ADULT SURVIVORS OF CHILDHOOD CANCER: A REPORT 
FROM THE ST. JUDE LIFETIME COHORT STUDY Fang Fang Zhang1, Rohit Ojha2, Shanshan Liu1, Jennifer Lanctot2, Wassim Chemaitilly2, 
Kevin Krull2, Melissa Hudson2 
1Tufts University, Boston, MA, USA; 2St. Jude Children’s Research Hospital, Memphis, TN, USA

Introduction: Adult survivors of childhood cancer (ASCC) are at high risk for cardiometabolic conditions. We aimed to assess the 
associations between dietary sodium intake and cardiometabolic conditions among ASCC.

Methods: For 2,571 ASCC (mean ± SD for age = 32.6 ±8.3 years) in the St. Jude Lifetime Cohort Study, self-reported dietary intake was 
assessed using the Block food frequency questionnaire. Systematic medical assessments included measurements of blood pressure, weight, 
height, waist circumference, serum fasting lipids, glucose, and insulin. Logistic regression was used to estimate odds ratios (ORs) and 95% 
confidence intervals (CIs) after adjusting for age, sex, race/ethnicity, family income, total energy intake, physical activity, smoking, alcohol 
consumption, and dietary patterns. 

Results: The mean sodium intake was 3,566 mg/day, substantially higher than the recommended upper limit of sodium intake (2,300 mg/
day). Compared to sodium intake above the national average (≥3,400 mg/day), intake between 1,500-2,300 mg/day was associated with 
35-46% lower odds of prevalent hypertension (OR=0.65, 95% CI: 0.44-0.96), insulin resistance (OR=0.65, 95% CI: 0.46-0.94), abdominal 
obesity (OR=0.66, 95%CI: 0.45-0.97), and metabolic syndrome (OR=0.54, 95% CI: 0.35-0.82). Sodium intake 2,300-3,400 mg/day was 
associated with similarly reduced prevalence of cardiometabolic conditions although the magnitude was smaller. Sodium intake<1,500 mg/
day was not associated with the prevalence of cardiometabolic conditions. 

Conclusion: Optimal sodium intake is associated with reduced odds of cardiometabolic conditions in young adult survivors of childhood 
cancer. 

44. FOOD CRAVING AND WEIGHT GAIN IN CHILDHOOD CANCER SURVIVORS Marissa Shams-White1, Shanshan Liu1, Michael Kelly, MD1,2, 
Cheryl Gilhooly1, Susan K. Parsons, MD, MRP1,2, Aviva Must, PhD1, Edward Saltzman, MD1,2, Fang Fang Zhang, MD, PhD1

1Tufts University, Boston, MA, USA; 2Tufts Medical Center, Boston, MA, USA

Background: Childhood cancer survivors are at an increased risk of obesity, but the causes for this elevated risk are not entirely understood. 
Cancer treatment may impact the hypothalamic- pituitary region of the brain, causing long-term changes in food cravings and intake.

Procedure: We used a modified Food Craving Inventory to assess total food craving and craving for carbohydrates, sweets, fat and fast-
foods in 22 survivors of pediatric leukemia and lymphoma (median age at study entry= 11.7 years; median years since diagnosis = 5.6 
years) at baseline, 6 and 12 months. We further explored whether cancer- and treatment-related factors were associated with craving and 
whether food craving predicted weight gain in childhood cancer survivors. 

Results: The mean total craving score at baseline was 2.1 (SD=0.7), and the mean score for each component, from the highest to the 
lowest, was 2.6 (SD=0.9) for fast-foods, 2.1 (SD=0.8) for sweets, 2.0 (SD=0.6) for carbohydrates, and 1.8 (SD=0.7) for fat. No significant 
trend in food craving was detected during the one-year follow-up. Compared to survivors diagnosed at a younger age (<4.5 years), those 
diagnosed at an older age (≥4.5 years) had a significantly higher total craving (2.5 vs. 1.7, p=0.007) and craving for fast-foods (2.9 vs. 2.1, 
p=0.03), sweets (2.5 vs 1.8, p=0.03), carbohydrates (2.3 vs 1.7, p=0.03), and fat (2.1 vs. 1.3, p=0.004). Food craving was not significantly 
associated with changes in BMI z-score in the 16 survivors who completed follow-up visits. 

Conclusions: Age at diagnosis may potentially affect food craving in childhood cancer survivors. Future large-scale studies are needed to 
further evaluate food craving in childhood cancer survivors. 
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45. TREATMENT WITH RECOMBINANT HUMAN GROWTH HORMONE AFTER CHILDHOOD CANCER IN SWITZERLAND  
Rahel Kuonen, MSc1, Grit Sommer, PhD1, Sheila Gaggetta, MSc1, Primus-Eugen Mullis, MD2, Michael Grotzer, MD3, Claudia Kuehnie, MD1

1Institute of Social and Preventive Medicine (ISPM), University of Bern, Bern, Switzerland; 2Division of Paediatric Endocrinology, Diabetology & 
Metabolism, University Children’s Hospital Bern, Bern, Switzerland; 3Department of Pediatric Oncology, University Children`s Hospital Zurich, 
University of Zurich, Zurich, Switzerland

Objectives: Growth hormone deficiency (GHD) is a common endocrine late effect after childhood cancer. Affected patients require 
replacement therapy with recombinant human growth hormone (rhGH). Swiss data on GHD and rhGH treatment in childhood cancer patients 
are scarce. We therefore aimed to 1) identify childhood cancer patients treated with rhGH in Switzerland; 2) to describe their characteristics; 
and 3) to assess modalities of rhGH treatment.

Methods: Patients were identified via the Swiss Childhood Cancer Registry (SCCR) and the Swiss Growth Study. We included all patients 
diagnosed with cancer at age <16 years in Switzerland since 1986, who had subsequently been treated with rhGH. We obtained clinical data 
from original medical records in major Swiss centers of pediatric oncology and endocrinology. Using multivariable logistic regression models 
we determined factors associated with rhGH treatment.

Results: Of 5583 eligible patients registered in the SCCR, 124 (2%) had been treated with rhGH during childhood, including 80 (8%) of the 
patients diagnosed with a central nervous system (CNS) tumor. Risk factors for rhGH treatment were: diagnosis of CNS tumors (OR 17.4; 
95%CI 4.9-61.2), cranial irradiation (OR 13.0; 95%CI 7.2-23.6), high dose radiotherapy (OR 8.1; 95%CI 4.5-14.6), surgery in the pituitary 
region (OR 50.9; 95%CI 21.6-119.7) and bone marrow transplantation (OR 5.8; 95%CI 2.8-11.9). Mean age at start of rhGH treatment was 
10.9±3.6 years, in average 3.7±3.1 years after cancer diagnosis. Mean treatment duration was 6.3±3.5 years with a mean rhGH dose of 
25.6±8.6 µg/kg/day.

Conclusion: This is the first study in Switzerland to describe incidence and characteristics of rhGH treatment after childhood cancer. Patients 
who had suffered from a CNS tumor, had received cranial irradiation, high dose radiotherapy, or undergone surgery in the pituitary region 
were most commonly affected. These findings help to understand and further improve current practices of rhGH treatment in childhood.

46. LONGITUDINAL SMOKING PATTERNS IN SURVIVORS OF CHILDHOOD CANCER: A CHILDHOOD CANCER SURVIVOR STUDY (CCSS) 
UPDATE Todd M. Gibson, PhD1, Wei Liu, PhD1, Gregory T. Armstrong, MD, MSCE1, Kumar Srivastava, PhD1, Melissa M. Hudson, MD1, Wendy M. 
Leisenring, ScD2, Ann C. Mertens, PhD3, Robert C. Klesges, PhD4, Kevin C. Oeffinger, MD5, Paul C. Nathan, MD, MSc6, Leslie L. Robison, PhD1

1St. Jude Children’s Research Hospital, Memphis, TN, USA; 2Fred Hutchinson Cancer Research Center, Seattle, WA, USA; 3Emory University, 
Atlanta, GA, USA; 4University of Tennessee Health Sciences Center, Memphis, TN, USA; 5Memorial Sloan Kettering Cancer Center, New York, 
NY, USA; 6The Hospital for Sick Children, Toronto, Ontario, Canada

Background: Survivors of pediatric cancer have elevated risks of mortality and morbidity. Many morbidities associated with cancer 
treatment (e.g. second cancers, cardiac and pulmonary disease) are associated with cigarette smoking, suggesting survivors who smoke 
may be at higher risk for these adverse health conditions.

Methods: We examined self-reported smoking status in 10,430 CCSS participants (age ≥18 years) across 2 questionnaires, at a median 
time of 7.9 years (range 1.4-11.9) apart. Smoking prevalence was compared among survivors, siblings, and the U.S. general population 
(standardized by age, sex, race/ethnicity and calendar time). Among a subgroup of survivors who also completed an additional follow-up 
questionnaire (N=3908) a median of 12.5 years (range 4.3-16.3) after the first questionnaire. Multivariable regression models evaluated 
characteristics associated with longitudinal smoking patterns. 

Results: At baseline, 19% of survivors were current smokers, compared with 24% of siblings and 29% in the standardized U.S. general 
population. At first follow-up, 17% of survivors were current smokers, compared to 21% of siblings and 24% of the U.S. population. 
Characteristics associated with consistent “never smoking” over all three questionnaires included higher household income (RR 1.17, 95% 
CI 1.08-1.25 for ≥$60,000 versus <$20,000 per year), higher education (RR 1.36, 95% CI 1.26-1.47 for >high school versus ≤ high school), 
and receipt of cranial radiation therapy (RR 1.10, 95% CI 1.05-1.16). Among “ever smokers”, higher income (RR 1.22, 95% CI 1.09-1.38) 
and education (RR 1.26, 95% CI 1.13-1.40) were associated with quitting, whereas cranial radiation was associated with not having quit (RR 
0.85, 95% CI 0.76-0.96). Development of an adverse health condition was not associated with smoking patterns.

Conclusions: Although smoking prevalence may be declining, the substantial number of consistent, current smokers reinforces the need for 
continued development of effective smoking interventions for survivors.
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47. PULMONARY FUNCTION TEST ABNORMALITIES DETECTED BY SURVEILLANCE SCREENING IN CHILDHOOD CANCER SURVIVORS 
Elizabeth Record, DNP, CPNP1, Rebecca Williamson, MPH1, Karen Wasilewski-Masker, MD, MSCR1,2, Ann C. Mertens, PhD1,2, Lillian R. 
Meacham, MD1,2, Jon Popler, MD1,3

1Children’s Healthcare of Atlanta, Atlanta, GA, USA; 2Department of Pediatrics at Emory University, Atlanta, GA, USA; 3Georgia Pediatric 
Pulmonary Associates, Atlanta, GA, USA

Background: Childhood cancer survivors are at increased risk for pulmonary related morbidity and mortality. The Children’s Oncology Group 
Long-Term Follow-Up (COG-LTFU) Guidelines recommend pulmonary function testing after exposure to: bleomycin, busulfan, carmustine, 
lomustine, chest radiation, bone marrow transplant or pulmonary surgery. The aim of this analysis was to determine the prevalence of 
pulmonary disease in a pediatric survivor cohort.

Methods: Patients 5 years or older seen in the Aflac Survivor Clinic at Children’s Healthcare of Atlanta from 1/2000-3/2012 with at least one 
exposure as outlined by COG-LFTU Guidelines were included. A single reviewer using the American Thoracic Society Guidelines obtained PFT 
results for a blinded interpretation. Demographic, diagnosis, and treatment factors were abstracted from the medical record. Additionally, 
clinical and/or patient-reported symptoms of cough, wheeze and/or dyspnea within three weeks of PFT were also abstracted. 

Results: Overall, 147 (63.6%) patients had a least one exposure and had PFT results available for interpretation. Overall, 55.1% were male, 
50.3% were white, and the mean age was 9.3±5.5 years. The most common diagnoses were leukemia (27.9%) and Hodgkin lymphoma 
(28.6%). Abnormal PFTs were found in 65.3% (n=96) with 30.2% having multiple PFT abnormalities. Specifically, 41.5% had hyperinflation, 
25.9% obstructive and 12.2% restrictive disease. Clinic notes were available for review for pulmonary symptoms in 125 patients (85.0%) and 
17% were symptomatic. Of those who did not report symptoms (n=103), 66.0% had an abnormal PFT: 17.6% (n=12) had restrictive disease, 
30.9% (n=21) had obstructive disease, and 67.6% (n=46) had hyperinflation. 

Conclusions: Almost two-thirds of survivors screened per the COG-LTFU Guidelines were found to have an abnormal PFT but a majority 
reported no clinical symptoms. Hyperinflation was the most prevalent PFT abnormality. Research is needed determine the association of 
abnormal PFT findings with future pulmonary morbidity and mortality.

48. RESPIRATORY DISEASE AFTER CHILDHOOD CANCER IN SWITZERLAND Rahel Kasteler, MD1, Annette Weiss, MSc1, Grit Sommer, PhD1, 
Laura Wengenroth, PhD1, Philipp Latzin, MD, PhD2, Nicolas X. von der weid, MD2, Roland A. Ammann, MD3, Claudia E. Kuehni, MD1

1Institute of Social and Preventive Medicine, University of Bern, Switzerland; 2Department of Pediatrics, University Hospital Basel, Basel, 
Switzerland; 3Department of Pediatrics, University of Bern, Inselspital, Bern, Switzerland

Background: Respiratory dysfunction is an important late complication of childhood cancer and its treatment, with an around tenfold 
increased risk for a late pulmonary death in survivors. Little data are available on early respiratory disease. Therefore, we aimed 1) to 
compare prevalence of respiratory diseases between long-term survivors and their siblings and 2) to determine associations with treatment. 

Methods: As part of the Swiss Childhood Cancer Survivor Study, we sent a detailed questionnaire to all 5-year survivors of childhood 
cancer, diagnosed 1976-2005, who were registered in the Swiss Childhood Cancer Registry. We compared prevalence of reported respiratory 
diseases (asthma, hay fever, pneumonia, chest wall abnormalities, pulmonary fibrosis) between survivors and siblings and defined two 
risk groups for respiratory disease: i) survivors treated with methotrexate, alkylating agents and/or bleomycin treatment, ii) survivors with 
irradiation to the chest. 

Results: 2395 survivors (response rate 70%) and 863 siblings (52%) returned the questionnaire. Mean age at survey for survivors was 
24±9 (SD) years, 47% were women. Survivors reported significantly more often than siblings to have recurrent pneumonias (9% vs. 6%, 
p=0.004) and chest wall abnormalities (2% vs. 0.4%, p=<0.001). Hay fever, asthma and fibrosis were equally reported. 1139 survivors 
(48%) had received pulmotoxic treatment (i and/or ii), 920 (38%) pulmotoxic chemotherapy (i), 313 (13%) irradiation to the chest (ii), 94 (4%) 
a combination of both (i+ii). Chest wall abnormalities were associated with irradiation to the chest (OR 3.40, p=0.001), after adjusting for age 
at treatment and sex. 

Conclusion: This is the first study to describe respiratory problems after childhood cancer in Switzerland. Almost half of childhood cancer 
patients had received potentially pulmotoxic treatment. Survivors had a significantly higher prevalence of pneumonia and chest wall 
abnormalities than siblings. 
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49. POPULATION-BASED LONG-TERM RESPIRATORY MORTALITY AMONG 267,570 5-YEAR SURVIVORS OF CANCER DIAGNOSED 
BEFORE AGE 40 YEARS Miranda M. Fidler, MS1, Raoul C. Reulen, PhD1, Julie Kelly1, Clare Frobisher, PhD1, Meriel Jenney, MD2, Antony Ng, 
MD3, David L. Winter1, Michael M. Hawkins, DPhil1

1Centre for Childhood Cancer Survivor Studies, School of Health and Population Sciences, Public Health Building, University of Birmingham, 
Edgbaston, Birmingham, United Kingdom; 2Department of Paediatric Oncology, Children’s Hospital for Wales, Heath Park, Cardiff, United 
Kingdom; 3Department of Paediatric Oncology, Bristol Royal Hospital for Children, Paul O’Gorman Building, Bristol, United Kingdom

Introduction: Exposure to radiation and/or chemotherapy can compromise respiratory function in survivors of childhood, teenage, and 
young adult cancers, and thus it is important to monitor late respiratory outcomes. We investigated the risk of long-term respiratory mortality 
among cancer survivors diagnosed before age 40 using two of the largest population-based cohorts of survivors: the British Childhood 
Cancer Survivor Study (BCCSS) and Teenage and Young Adult Cancer Survivor Study (TYACSS).

Methods: The BCCSS comprises 34,489 5-year survivors of childhood cancer diagnosed in Britain between 1940-2006 before the age of 
15. The TYACSS includes 233,081 5-year survivors of cancers diagnosed from age 15 to 39 between 1971-2006 in England and Wales. 
Standardized mortality ratios (SMRs) and absolute excess risks (AERs) were calculated for all respiratory-related deaths. 

Results: Overall, 164 and 1,231 respiratory deaths were observed for the BCCSS and TYACSS cohorts, respectively, which was 6.8- and 
1.6-times that expected. By respiratory subgroups, the SMR was greatest for deaths related to pneumonitis (SMR:16.9) and fibrosis 
(SMR:13.8) in the BCCSS and pneumonia for TYACSS (SMR:2.2). Those diagnosed with leukemia, lung, or CNS tumors in the TYACSS cohort 
had the greatest risks, whereas CNS and leukemia survivors were at greatest risk in the BCCSS. For all respiratory deaths, the SMRs declined 
and AERs increased with follow-up; from 5-9 to 30+ years follow-up the AER rose from 2.1 to 4.9 excess deaths in the BCCSS and 1.1 to 2.5 
excess deaths in the TYACSS per 10,000 person-years. When assessed by treatment decade, the AER significantly declined with more recent 
decades in both the BCCSS (Ptrend=0.0164) and TYACSS (Ptrend=0.0276).

Conclusions: Among 5-year survivors of cancer diagnosed before age 40, the excess respiratory mortality was significantly increased 
beyond 30 years follow-up. However, it is reassuring that the AERs are decreasing among those treated more recently.

50. A RANDOMIZED TRIAL OF LOW MAGNITUDE HIGH FREQUENCY MECHANICAL STIMULATION (LMS) FOR BONE DENSITY IN 
CHILDHOOD CANCER SURVIVORS (CCS) Lindsey N. Burroughs, PT, DPT1,2, Sue C. Kaste, DO3, Robert J. Ferry, Jr., MD4,5, Rona Mogil, PhD1, 
Carrie R. Howell, MS1, Melissa M. Hudson, MD1,6, Leslie L. Robison, PhD1, Kirsten K. Ness, PT, PhD1

1Department of Epidemiology and Cancer Control, St. Jude Children’s Research Hospital, Memphis, TN, USA; 2Rehabilitation Services, St. Jude 
Children’s Research Hospital, Memphis, TN, USA; 3Department of Radiological Sciences, St. Jude Children’s Research Hospital, Memphis, 
TN, USA; 4Division of Pediatric Endocrinology, University of Tennessee Health Science Center, Memphis, TN, USA; 5Department of Psychology, 
University of Memphis, Memphis, TN, USA; 6Department of Oncology, St. Jude Children’s Research Hospital, Memphis, TN, USA

Purpose: Youth diagnosed with cancer, then treated with chemotherapy and radiation, carry lifelong risk for low bone mineral density (BMD). 
LMS has demonstrated efficacy to improve BMD in animal models and elderly women with low BMD. This randomized, double-blind, placebo 
controlled study evaluated the effects of LMS on BMD among CCS with BMD lumbar spine or total body Z-scores below -1.0.

Methods: Forty-eight CCS (54% male), ages 7-17 (mean 13.5±2.8 years) with stable endocrine status, were randomized to either an active 
LMS device (N=22, 0.3 g, 30 Hz vibrating platform) or placebo device (N=26), and instructed to stand on the device for 10 minutes twice 
daily for 12 months. Each device monitored the number of completed sessions; participants were contacted weekly to encourage adherence. 
All participants received supplemental calcium (800-1300 mg) and vitamin D (cholecalciferol 400 IU/day). BMD was evaluated at baseline 
and 12 months with dual X-ray absorptiometry and quantitative computed tomography. Laboratory measures of bone turnover were obtained 
from serum.

Results: Participants completed a median of 69.1% (IQR 33.3 to 95.7%) of prescribed sessions. Compliance did not differ between 
intervention and placebo groups (70.1% vs. 63.9%, p=0.43). Total body (0.25±0.78 vs. -0.19±0.79, p=0.04) but not lumbar (0.08±0.51 vs. 
0.15±0.51, p=0.82) BMD Z-score improved for the intervention vs. placebo group. Changes in percent tibia trabecular bone (4.86±16.58 vs. 
-4.68±16.92, p=0.08) and in ratio of receptor activator nuclear factor kB ligand/osteoprotegerin (0.14±0.44 vs. -0.14±0.50, p=0.06) trended 
favorably higher in the intervention vs. placebo group. There were no differences between groups for percent tibia cortical bone or other 
markers of bone turnover.

Conclusion: LMS may be an appropriate, effective, and novel approach to improve BMD in young.
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51. ADVERSE FAT DEPOTS AND MARROW ADIPOSITY ARE ASSOCIATED WITH SKELETAL DEFICITS AND INSULIN RESISTANCE IN 
LONG-TERM SURVIVORS OF PEDIATRIC HEMATOPOEITIC STEM CELL TRANSPLANTATION Sogol Mostoufi-Moab, MD, MSCE1, Jeremy 
Magland, PhD2, Elizabeth J. Isaacoff, MBE1, Wenli Sun, MSEE2, Babette Zemel, PhD1, Felix Wehrli, PhD2, Karuna Shekdar, MD3, Joshua Baker, 
MD4, Jill Ginsberg, MD1, Jin Long, PhD1, Mary B. Leonard, MD, MSCE1,4

1Department of Pediatrics, The Children’s Hospital of Philadelphia, The University of Pennsylvania Perelman School of Medicine, Philadelphia, 
PA, USA; 2Department of Radiology, Hospital of University of Pennsylvania, The University of Pennsylvania Perelman School of Medicine, 
Philadelphia, PA, USA; 3Department of Radiology, The Children’s Hospital of Philadelphia, The University of Pennsylvania Perelman School of 
Medicine, Philadelphia, PA, USA; 4Department of Biostatistics and Epidemiology, The University of Pennsylvania Perelman School of Medicine, 
Philadelphia, PA, USA

Background: Allogeneic hematopoietic stem-cell transplantation (alloHSCT) survivors treated with total body irradiation (TBI) exhibit bone 
deficits and excess adiposity, potentially related to altered mesenchymal stem cell differentiation into osteoblasts or adipocytes. 

Methods: We examined associations among fat distribution, bone microarchitecture, and insulin resistance in alloHSCT survivors after TBI. 
This was a cross-sectional observational study of 25 alloHSCT survivors (aged 12-25 years) a median of 9.7 (4.3-19.3) years after alloHSCT 
compared to 25 age-, race-, and sex-matched healthy controls. Vertebral MR spectroscopic imaging and tibia micro-MRI were used to 
quantify marrow adipose tissue (MAT) and trabecular microarchitecture. Additional measures included DXA whole-body fat mass (WB-
FM), leg lean mass (Leg-LM), trunk visceral adipose tissue (VAT), and CT calf muscle density. Insulin resistance in alloHSCT survivors was 
estimated by HOMA-IR. 

Results: AlloHSCT survivors had lower Leg-LM (p<0.001), and greater VAT (p<0.01), MAT (p<0.001) and fat infiltration of muscle (p=0.04) 
independent of WB-FM, vs. matched-controls; BMI did not differ. Survivors had lower bone volume fraction and abnormal microarchitecture 
including greater erosion and more rod-like structure vs. controls (all p=0.04); 14 had vertebral deformities and two had compression 
fractures. Greater WB-FM, VAT, MAT and muscle fat infiltration were associated with abnormal trabecular microarchitecture (p<0.04 for all). 
AlloHSCT HOMA-IR was elevated, associated with younger age at transplantation (p<0.01), and positively correlated with WB-FM and VAT 
(both p<0.01). 

Conclusion: The markedly increased marrow adiposity, abnormal bone microarchitecture, and abnormal fat distribution highlight the risks 
of long-term treatment-related morbidity and mortality in alloHSCT recipients after TBI. Trabecular deterioration was significantly associated 
with marrow and visceral adiposity. Long-term survivors demonstrated sarcopenic obesity, insulin resistance, and vertebral deformities. 
Future studies are needed to identify strategies to prevent and treat metabolic and skeletal complications in this growing population of 
childhood alloHSCT survivors.

52. PREVALENCE OF VERTEBRAL FRACTURES IN SURVIVORS OF CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA Mélissa Fiscaletti, 
MD, Josée Dubois, MD, Marie-Claude Miron, MD, Maja Krajinovic, MD, PhD, Caroline Laverdière, MD, Daniel Sinnett, PhD, Nathalie Alos, MD

Sainte-Justine UHC Research Center, Montreal, Quebec, Canada

Improvements on the overall cure rates for childhood acute lymphoblastic leukemia (ALL) have allowed the cure of over 85% of treated 
patients. At least 70% of survivors of childhood ALL cancers have substantial morbidities as a result of their treatment. Long term 
musculoskeletal complications in this population are currently receiving increasing attention because of their negative impact on the quality 
of life and ability to perform appropriate activities. Our objective was to better define the clinical characteristics associated with vertebral 
fractures (VF) in survivors of childhood ALL. Our study, part of the PETALE project, draws its subjects from a pool of 350 French-Canadian ALL 
patients aged under 19 at diagnostic whom have been in remission for at least 5 years post-diagnostic. 

Methods and Results: The patients for this study (n=150) were recruited as part of the PETALE project at Sainte-Justine UHC: 59% 
are females; the mean age at diagnostic of 5.6±4.2y; mean age at recruitment of 22.3±6.7y; 59% of patients were classified as high 
risk at diagnosis; treatment duration was on average 26±4.7months and was finished 171.6±70.6 months ago. Lateral thoraco-lumbar 
spine radiograph and LS BMD were assessed. VF was assessed according to the Genant method. Results show a VF prevalence of 18%. 
Participants with vertebral fractures had a median age of 6 years old at ALL diagnosis (2-17). No significant difference was observed 
between patients with VF compared to those without for (n=118): dose of radiation; glucocorticoid cumulative dose; LS BMD Z-score; back 
pain, and vitamin D status. 

Conclusions: The mechanisms by which vertebral fractures occur in survivors of childhood ALL remains an open question. We will next 
investigate association of VFs with rare and common genetic variants. This may lead to new interventions and insights into osteoporosis 
prevention.



41

53. GENETIC VARIATION IS INVOLVED IN IMPAIRMENT OF BONE MINERAL DENSITY IN LONG-TERM ADULT SURVIVORS OF 
CHILDHOOD CANCER M.A.H. den Hoed1,3, Saskia Pluijm, PhD1,3, L. Stolk, MD, PhD2, Andre G. Uiterlinden, MD, PhD2, Rob Pieters, MD, PhD3, 
M.M. van den Heuvel-Eibrink, MD, PhD1,3

1Department of Pediatric Oncology/Hematology, Erasmus MC-Sophia Children’s Hospital, Rotterdam, The Netherlands; 2Department of Internal 
Medicine, Erasmus University Medical Centre, Rotterdam, The Netherlands; 3Princess Maxima Center for Pediatric Oncology, Utrecht, The 
Netherlands

Introduction: Despite similarities in upfront treatment, impairment of bone mineral density (BMD) varies in long-term adult survivors of 
childhood cancer (CCS). We studied for the first time whether genetic variation is involved in impairment of BMD in adult long-term CCS.

Method: This cross-sectional single-center cohort study included 334 adult CCS (median follow-up time: 15.2 years (range 5.1-39.8); 
median age at follow-up: 26.1 years (range 18.1-49.3)). Total body BMD (BMDTB) and lumbar spine BMD(BMDLS) were measured by dual-
X-ray absorptiometry y(DXA), and BMD was expressed as age-matched and gender-matched standard deviation scores (SDS;Z-score). We 
selected 12 candidate single nucleotide polymorphisms (SNPs) in 11 genes based on results of previous studies in the healthy population 
(COL1A1, TNFSF11, TNFRSF11, TNRFSA11B, VDR, ESR1, WLS, LRP5, MTHFR, MTRR, IL6). Multivariate analyses included, apart from 
candidate SNPs, patient and treatment characteristics that were univariatly associated with BMD values. 

Results: Multivariate analyses revealed that lower BMDTB/LS was associated with lower weight at follow-up (p<0.01), BMDTB was 
associated with previously administered radiotherapy (p=0.01). Survivors with the homozygous minor allele (GG) genotype of rs2504063 
(in ESR1 : estrogen receptor type 1) had a lower BMDTB (-1.17 vs. -0.84; p=0.01) than those with the AG/AA genotype, however BMDLS 
was not altered. Carriers of two minor alleles (GG) of rs599083 (LRP5: low-density lipoprotein receptor) revealed lower BMDTB (-1.18 vs. 
-083; p=0.04), and lower BMDLS values (-0.97 vs. -0.54; p=0.02) than those with the TT/TG genotype. Carriers of VDR (vitamin D receptor) 
haplotype 3 had a lower BMDLS than non-carriers (-0.86 vs. -0.64, p=0.05), but BMDTB was not altered.

Conclusion: CCS who are carriers of candidate SNPs in the VDR, ESR1 or LRP5 genes seem to be more vulnerable to impaired bone mass at 
an early adult age. In addition to patient and treatment related factors, information on genetic variation in cancer patients may be helpful in 
identifying survivors who are at risk for low bone density after childhood cancer treatment.

54. SUBOPTIMAL VITAMIN D LEVELS AMONG ADULT SURVIVORS OF CHILDHOOD CANCERS Denise Rokitka, MD, MPH1, Robert Lisac, 
BS2, Jennifer Heffler, MS1, Martin Mahoney, MD, PhD1, Michael Zevon, PhD1

1Roswell Park Cancer Institute, Buffalo, NY, USA; 2University of Central Florida College of Medicine, Orlando, FL, USA 

Purpose: Vitamin D is a fat soluble vitamin that plays an important role in many bodily systems. Of particular significance is the increasing 
evidence suggesting that vitamin D may be important for the prevention of chronic diseases and cancer. The identification of Vitamin D 
levels in childhood cancer survivors becomes particularly relevant, given that optimizing levels may help to contribute to the prevention of 
secondary malignancies and chronic diseases.

Methods: A retrospective analysis of vitamin D levels among childhood cancer survivors over 18 years of age seen in the Pediatric Long 
Term Follow-up Clinic (n=139) at Roswell Park Cancer Institute was performed. Independent variables included gender, race/ethnicity (non-
Hispanic white versus other), cancer site (leukemia, lymphoma, sarcoma, CNS, other), year of diagnosis, past medical history, past surgical 
history, prior radiation therapy; prior chemotherapy, residence zip code, age at diagnosis, age at last clinic visit, year of last clinic visit, height, 
weight, body mass index at last visit, and vitamin D supplementation/use of multivitamins.

Results: Overall, 34% (5-19.9 ng/ml) of survivors were vitamin D deficient, 39% (20.1-30 ng/ml) were classified as insufficient and 27% 
(30.2- 96.6 ng/ml) were classified as having sufficient vitamin D levels. Despite Vitamin D supplementation in 41 patients, 90% continued 
to have insufficient or deficient Vitamin D levels. Vitamin D levels did not vary by age group, race, ethnicity, cancer diagnosis, or years since 
diagnosis. Seasonal variations in Vitamin D levels were not observed. Participants with a BMI >25 had statistically significant lower levels of 
Vitamin D (p<0.05).

Conclusions: Given the growing awareness of the role of Vitamin D and the documented late effects of treatment for childhood cancers, the 
high prevalence of Vitamin D deficiency within the childhood cancer survivor population is of significant concern. 
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55. IMPAIRED BONE MINERAL DENSITY IN ADULT SURVIVORS OF CHILDHOOD CANCER: A LITERATURE REVIEW Pluijm SMF1,2, den 
Hoed MA2, Neggers SJCMM1,3, Pieters R2, van den Heuvel-Eibrink MM2

¹Department of Pediatric Oncology/Hematology, Erasmus MC-Sophia Children’s Hospital, Rotterdam, The Netherlands; 2Princess Maxima 
Center for Pediatric Oncology, Utrecht, The Netherlands; 3Department of Internal Medicine, section Endocrinology, Erasmus University Medical 
Center, Rotterdam, The Netherlands

Background: impairment of bone mineral density (BMD) is a complication of childhood cancer treatment. A comprehensive review on the 
occurrence of impaired BMD in childhood cancer survivors (CCS), and which disease subgroups are at risk has never been pursued so far. 

Aim: The aim of this study was to summarize all knowledge on BMD status and associated determinants in long-term adult childhood cancer 
survivors (CCS) based on available literature.

Methods: An electronic literature search was performed using PubMed, Medline, Scopus and Web of Science databases. Papers were 
included if patients were survivors of childhood cancer (median age at diagnosis ≤18 years), were at least a median period of 5 years after 
cessation of therapy, and had a median age of ≥18 years old at BMD measurement. Outcome measures were total body BMD (BMDTB), 
lumbar spine BMD (BMDLS) and hip BMD, including BMD of the femoral neck (BMDFN) and total hip (BMDTH). 

Results: We found 30 studies including survivors of pediatric acute lymphoblastic leukaemia (ALL) (14 studies), (non)Hodgkins lymphoma 
(HL/NHL), brain tumors, osteosarcoma or all types of cancer. The median age at follow-up ranged from 18.2 to 33.3 years, and median 
time since diagnosis ranged from 3.4 to 27.7 years. The majority of the studies (18) used univariate statistical analysis to examine possible 
determinants of BMD. 

More than half (50-60%) of the studies that assessed the BMDTB, BMDLS, BMDFN and BMDTH found significantly lower BMD values in 
comparison with healthy peers. Total body BMDTB scores <-1 were reported in 2.8% to 38%, and lumbar spine BMDLS scores<-1 in 19.3% 
to 65% of the survivors. Lowest Z-scores were found in osteosarcoma survivors (BMDTB: -1.3 and BMDFN: -1.98). Lower body weight at 
adult age (DXA) and treatment with cranial radiotherapy, glucocorticosteroids or chemotherapeutic agents during therapy for childhood 
cancer were most frequently identified as independent determinants. 

Conclusions: This review of mainly cross-sectional studies suggest that long term CCS are prone to BMD impairment, and lower body 
weight at adult age (DXA) and previous treatment with cranial radiotherapy, glucocorticosteroids or chemotherapeutic agents were most 
frequently identified as independent determinants. Prospective studies including large representative cohorts of survivors with long-term 
follow-up are required to accurately assess the occurrence of clinical significant impaired BMD, and its independent determinants in CCS.

56. GROWTH PATTERNS DURING AND AFTER TREATMENT IN PATIENTS WITH PEDIATRIC ALL: A META-ANALYSIS Fang Fang Zhang, 
MD, PhD1,2, Shanshan Liu1, Mei Chung, PhD, MPH3, Michael J. Kelly, MD, MPH, MS4,5

1Department of Nutrition Sciences, Friedman School of Nutrition Science and Policy, Tufts University, Boston, MA, USA; 2Jean Mayer USDA 
Human Nutrition Research Center on Aging, Tufts University, Boston, MA, USA; 3Nutrition/Infection Unit, Department of Public Health and 
Community Medicine, Tufts University School of Medicine, Boston, MA, USA; 4Division of Pediatric Hematology/ Oncology, The Floating Hospital 
for Children at Tufts Medical Center, Boston, MA, USA; 5Department of Pediatrics, Tufts University School of Medicine, Boston, MA, USA

Background: Survivors of pediatric acute lymphoblastic leukemia (ALL) have a significantly higher body mass index (BMI) than their peers. 
Understanding the critical time periods in which patients with pediatric ALL are vulnerable to unhealthy weight gain will lay the groundwork 
for developing effectively timed interventions. 

Procedure: We sought to determine the growth patterns of patients with pediatric ALL during and after treatment through the conduct of 
a systematic review and meta-analysis. A search of MEDLINE, Scopus, and Web of Science was performed from its inception through May 
2014. Studies met the inclusion criteria if they included at least 10 patients of pediatric ALL, and longitudinally assessed BMI at diagnosis 
and at least one time point after diagnosis 

Results: Twenty-one studies met the inclusion criteria for the systematic review and 16 were included in meta-analysis. The mean increase 
in BMI z-score during treatment in 1,514 patients with pediatric ALL was 0.81 (95% CI: 0.25-1.38). Specifically, patients experienced 
substantial weight gain in early treatment (∆=0.41, 95% CI: -0.34, 1.17) and again during maintenance (∆=0.34, 95% CI:-0.22, 0.90). The 
mean increase in BMI z-score ranged between 0.52 and 0.89 beyond treatment completion. Subgroup analyses found unhealthy weight gain 
occurred regardless of patients’ receipt of cranial radiation therapy, sex, and weight status at diagnosis. 

Conclusions: Patients with pediatric ALL experience unhealthy weight gain early in treatment, and increases in weight are maintained 
beyond treatment completion. Preventing early onset of obesity is a priority for improving the care and outcomes for patients with  
pediatric ALL. 
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57. PREVALENCE OF MUSCLE DEFICITS IN SURVIVORS OF CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA N. Veilleux, PhD, F. Rauch, 
MD, D. Curnier, PhD, M. Krajinovic, MD, PhD, C. Laverdière, MD, D. Sinnett, PhD, N. Alos, MD

Sainte-Justine UHC Research Center, Montreal, Quebec, Canada.

Background: Overall cure rates for childhood acute lymphoblastic leukemia (ALL) have improved allowing the cure of over 85% of 
patients. At least 70% of survivors of childhood ALL cancers have substantial morbidities as a result of their treatment. There is evidence 
that survivors of ALL have increased rates of long-term skeletal muscle dysfunction and weakness. Our objective was to determine the 
percentage of patients with muscle dysfunctions (muscle force, power, endurance, and % of fitness impairment) and to define the clinical 
characteristics associated with muscle dysfunction in long-term ALL survivors. Our study, part of the PETALE project, draws its subjects from 
a pool of 350 French-Canadian ALL patients aged under 19 at diagnostic that have been in remission for at least 5 years post-diagnostic.

Methods and Results: The patients for this study (n=150) were recruited as part of the PETALE project at Sainte-Justine UHC: 59% are 
females; the mean age at diagnostic of 5.6±4.2y; mean age at recruitment of 22.3±6.7y; 59% of patients were classified as high risk at 
diagnosis; treatment duration was on average 26±4.7months and was finished 171.6±70.6 months ago. Study participants were assessed 
once by mechanography, bone mineral density (DXA) scans, 6 minute walk tests, and pQCT scans. Results show a high prevalence (32%) of 
low muscle power (Pmax/body mass lower than -2SD) compared to age- and gender-specific reference values. Significant differences were 
observed between patients with muscle dysfunction compared to those without for: the high-risk DFCI protocol prognosis group, exposure to 
radiation; BMI (p<0.001). One third of all participants are vitamin D deficient (< 50 nmol/l) but without significant differences between low 
and normal muscle power groups.

Conclusions: Since this population mostly consists of young adults and adolescents, these data raise concerns on their future muscle and 
bone health.

58. EXERCISE PRACTICES, PREFERENCES, AND BARRIERS IN THE PEDIATRIC ONCOLOGY POPULATION Alyssa Le MD, Fangyong Li 
MPH, MS, Hannah Mitchell MPH, Nina Kadan-Lottick MD, MSPH

Yale University School of Medicine, New Haven, CT, USA

Background: Childhood cancer survivors have increased risk of late effects including cardiac disease, obesity, subsequent cancers, 
metabolic syndrome, and psychological distress that could be mitigated by regular moderate physical activity.

Objective: To determine exercise preferences, practices, and barriers among patients during and after therapy at a tertiary care referral 
center.

Design/Methods: Cross-section study of all English-speaking patients > 4 years old attending the Yale Pediatric Oncology Clinic from 
October 2013-October 2014 with a cancer diagnosed at < 21 years. Participants were > 1 month since diagnosis, not acutely ill the day of 
visit, with a life expectancy of > 6 months. Participants (parents of those < 18 years) completed a 10-minute written survey and received a 
$5 honorarium.

Results: Overall, the 161 (99% eligible) participants were an average age of 15.6 years (range 4-53) at the time of evaluation. Diagnoses 
included leukemia (43%), lymphoma (24%), CNS tumors (6%), solid tumors (21%) and other conditions (6%); 66.5% were off-therapy. 
Predictors of meeting CDC physical activity guidelines include being off therapy (p=0.008) and age > 18 years (p=0.001) at time of 
evaluation. Treatment intensity (p=0.78) and diagnosis (p=0.20) were not associated. Notably, 89% of participants preferred exercising at 
home with ~73% preferring walking for exercise.

Conclusion: Most childhood cancer survivors did not meet the CDC weekly physical activity guidelines, especially if younger or on-therapy. 
Reported barriers and preferences can help guide intervention strategies to improve exercise behaviors in patients both on and off-therapy. 

Table 1: Pediatric Oncology Patients’ Exercise Practices

Total 
n= 161

On Therapy 
n= 54

Off Therapy 
n= 107

Hours of Moderate/ Vigorous Activity per week:
 Overall
 4-11.9 years 
 12- 17.9 years 
 > 18 years

4.3 ± 4.1 
5.3 ± 5.1 
4.1 ± 3.9 
3.7 ± 3.2

3.9 ± 4.6 
4.5 ± 5.2 
3.7 ± 4.7 
3.5 ± 3.5

4.5 ± 3.9 
5.9 ± 5.0 
4.4 ± 3.6 
3.7 ± 3.1

Percent Meeting CDC Exercise Recommendations:
 Overall
 4-11.9 years 
 12- 17.9 years 
 > 18 years 

35%
24%
24%
59%

20%
14%
14%
46%

42%
26%
30%
63%
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Table 2: Pediatric Oncology Patients’ Exercise Preferences and Barriers

Total 
n= 161

On Therapy 
n= 54

Off Therapy 
n= 107

Preferred Exercise Location:
 Home
 Park
 Gym
 Clinic
 Hospital

89%
57%
63%
19%
13%

89%
63%
44%
26%
20%

90%
54%
73%
16%
9%

Preferred Exercise Activities:
 Walking
 Biking
 Swimming
 Jogging

73%
62%
44%
35%

78%
76%
59%
24%

71%
55%
37%
40%

Barriers to Exercise:
 Fatigue
 Parental fear of injury
 Expense
 Afraid of injury
 Lack of injury
 Doctor never recommended

32%
19%
18%
13%
21%
8%

46%
35%
20%
20%
15%
9%

24%
10%
17%
9%

25%
7%

59. COSTS FOR SCREENING OF CHILDHOOD CANCER SURVIVORS Marina L. Reppucci, BA1, Charles L. Schleien, MD1,2,  
Jonathan D. Fish, MD1,2

1Hofstra NS-LIJ School of Medicine, Hempstead, NY, USA; 2Cohen Children’s Medical Center, New Hyde Park, NY, USA

Background: The care of childhood cancer survivors (CCS) likely has a large impact on health care spending. Despite the publication of risk-
based screening guidelines for CCS, there are few data on the costs of that screening. 

Purpose: To quantify the costs of late-effects screening for CCS seen in the Survivors Facing Forward Program at Cohen Children’s Medical 
Center. 

Patients and Methods: A retrospective review of medical records from all patients seen in the SURFF program at the Cohen Children’s 
Medical Center between 2010 and 2012 was performed. Demographic data, original cancer diagnosis, chemotherapy, radiation and surgery 
exposures were collected. All screening tests that were recommended by the survivorship program and subsequently completed were 
tabulated, including echocardiogram, electrocardiogram, pulmonary function test, DEXA scan, breast MRI, breast mammography, breast 
ultrasound, thyroid ultrasound, hearing tests, fasting blood work, non-fasting blood work, and urinalysis. The average actual costs per patient 
were calculated as a function of year and visit, using hospital and CPT charge amounts provided by the hospital’s finance department. The 
average cost per patient per visit was calculated as the total cost of all procedures performed divided by the total number of visits in the 
three-year period. 

Results: 286 patients (49.7% male) were seen 542 times during the three-year period (range: 1-5 visits). The average cost per patient per 
visit was $1229.89 (range: $275-9,914). The standard deviation was $1,416.96, indicating the high variance in visit costs. The 1st quartile 
was $325, the 2nd quartile was $407, the 3rd was $1927, and the 4th was $9,914. A more detailed analysis including multivariate analysis 
is underway.

Conclusion: The costs of screening CCS are relatively low. Formal cost-effectiveness studies of the screening guidelines are needed.

60. ADHERENCE TO SCREENING RECOMMENDATIONS AMONG SURVIVORS OF CHILDHOOD CANCER Marina L. Reppucci, BA1, Charles L. 
Schleien, MD1,2, Jonathan D. Fish, MD1,2

1Hofstra NS-LIJ School of Medicine, Hempstead, NY, USA; 2Cohen Children’s Medical Center, New Hyde Park, NY, USA

Background: Pediatric oncology programs and long-term follow-up programs for survivors often rely on the Children’s Oncology Group 
survivorship guidelines to develop risk-based, personalized screening plans for childhood cancer survivors (CCS). There are, however, very 
little data on the adherence of CCS to the recommendations. 

Purpose: To evaluate the rate of adherence of CCS to the personalized, risk-based recommendations provided to them in the context of a 
structured long-term follow-up program over a three-year period. 
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Patients and Methods: The Survivors Facing Forward program (SURFF) is a structured long-term follow-up program that provides life-long 
follow-up to CCS. The clinic includes on-site phlebotomy and a nurse coordinator to facilitate the scheduling of screening recommendations. 
A retrospective review of medical records from all patients seen in the SURFF program at the Cohen Children’s Medical Center between 2010 
and 2012 was performed. Demographic data, original cancer diagnosis, chemotherapy, radiation and surgery exposures were collected. 
Rates of completion were calculated for recommended screening tests, including echocardiogram, electrocardiogram, pulmonary function 
test, DEXA scan, breast MRI, breast mammography, breast ultrasound, thyroid ultrasound, hearing tests, fasting blood work, non-fasting blood 
work, and urinalysis.

Results: 286 charts were reviewed (mean age at visit: 17.24; range 3.2-46.1 years). A preliminary analysis showed that adherence rates 
to screening recommendations were: non-fasting blood work: 94.2%, urinalysis: 76.8%, fasting blood work: 61.76%, hearing tests: 36.36%, 
thyroid ultrasound: 50%, breast mammogram: 66.67%, breast ultrasound: 100%, breast MRI: 58.82%, DXA scan: 57.84%, pulmonary 
function tests: 42.37%, electrocardiograms: 63.70%, and echocardiograms: 64.09%. A more detailed analysis, including multivariate 
analysis, is underway.

Conclusions: Overall, the rates of adherence to screening recommendations for survivors were suboptimal. Patients were more likely to 
adhere to recommendations for more convenient procedures. Identifying barriers to the completion of recommended screening is likely 
important in reducing morbidity is this unique patient population. 

61. MODELS OF FOLLOW-UP CARE FOR CHILDHOOD CANCER SURVIVORS: WHICH MODELS DO MEDICAL SPECIALISTS PREFER?  
Corina S. Rüegg, PhD, Micòl E. Gianinazzi, PhD, Janine Vetsch, MSc, Luzius Mader, MSc, Gisela Michel, PhD

Department of Health Sciences and Health Policy, University of Lucerne, Lucerne, Switzerland

Background: Risk-stratified follow-up care is advocated for childhood cancer survivors but evidence for the optimal model of care is 
lacking. We aimed to describe 1) physicians’ preferences regarding models of follow-up; 2) advantages and disadvantages of general 
practitioner (GP)-led follow-up; and, 3) importance of involvement of different medical specialists.

Methods: We sent adapted questionnaires to a sample of medical oncologists (MO), pediatric oncologists (PO), GPs and pediatricians (P) 
in Switzerland. All physicians were asked to rate the appropriateness of different models for survivors at low-, medium-, and high-risk for 
late effects, and to tick advantages and disadvantages of a GP-led follow-up. Proposed models of care were, follow-up by: telephone by a 
trained nurse, GP, pediatric oncologist, medical oncologist, or a multidisciplinary team. Only oncologists (MO and PO) were asked to rate the 
importance of different specialists to be involved in follow-up.

Results: 183 physicians responded (27 MO, 13 PO, 122 GP, 21 P). The models most preferred were: follow-up by pediatric oncologist 
(78%, 95%CI: 71-84) or a multidisciplinary team (76%, CI: 56-87) for high-risk survivors; and GP–led follow-up (79%, CI: 72-84) for low-
risk survivors. There was no clear model preference for medium-risk survivors. Generalists (GP and P) and oncologists (MO and PO) both 
stated lack of knowledge as the most important disadvantage of a GP-led model. Medical and pediatric oncologists stated the pediatric 
oncologist as the most important person to be involved in follow-up. MOs rated themselves second important and GPs as third; POs rated 
endocrinologists second and GPs third. 

Conclusions: Swiss physicians support the idea of risk-stratified follow-up care models. Close collaboration of different specialties under 
the lead of pediatric oncologists might help provide adequate follow-up care for survivors at low to high risk for late effects. 

62. DOES PARTICIPATION IN A LONG TERM FOLLOW-UP CLINIC INCREASE SCREENING FOR BREAST CANCER AND 
CARDIOVASCULAR DISEASE IN HODGKIN LYMPHOMA SURVIVORS? Kathryn Baxstrom MD, Chung Lee MD, Bruce Peterson MD, Rachel 
Vogel MS, Anne Blaes MD, MS

University of Minnesota Medical School, Minneapolis, MN, USA

Background: Women treated with chest radiation for Hodgkin lymphoma (HL) are at significantly increased risk of developing breast cancer 
and cardiovascular disease. HL survivors are recommended to have screening with mammogram (MMG) and breast magnetic resonance 
imaging (MRI) annually, as well as echocardiogram (echo) five years after completion of radiation. Our aim was to characterize the women 
who are and are not getting proper screening, and to examine the impact of a long term follow-up (LTFU) clinic consultation. 

Methods: A retrospective review of 120 women treated for HL at the University of Minnesota Masonic Cancer Center between 1993 and 
2009. Demographics, disease and treatment history (age at diagnosis, stage, radiation dose and field, chemotherapy) assessed. Screening 
practices (MMG, MRI, echo), participation in LTFU clinic, and screening recommendations from providers evaluated. Screening outcomes 
compared by participation in the LTFU clinic (y/n) using Chi-squared analysis and Fisher’s exact tests. P-values <0.05 were considered 
significant. 
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Results: 39 of 120 women met inclusion criteria (chest radiation, follow up) for analysis. Median age at diagnosis was 29 (range 12-58); 
majority (65.7%) were diagnosed at stage IIa. Median dose of radiation was 3510 cGy (range 2040-4500 cGy). 53.8% participated in LTFU 
clinic. 20.5% had no breast cancer screening; of those screened 48.4% had dual screening and 51.6% had screening with only MMG. 
Women were more likely to have dual screening if seen in LTFU clinic versus not seen (70.6% vs 21.4%, p=0.011). 32.3% were screened 
with echo; women were not more likely to have screening with echo if seen in LTFU clinic versus not seen (17.7% vs 50.0%, p=0.121). 

Conclusion: Many women treated for HL with radiation are not getting proper dual screening for breast cancer despite increased risk. LTFU 
clinic participation did increase dual screening for breast cancer but not echo screening for cardiovascular disease. 

63. IMPACT OF CANCER SURVIVORLINKTM USAGE ON CANCER SURVIVOR CLINIC FOLLOW-UP Rebecca Williamson, MPH1, Brooke 
Cherven, RN, MPH1, Jordan Gilleland Marchak, PhD, ABPP1,2, Lillian Meacham, MD1,2, Ann Mertens, PhD1,2

1Aflac Cancer and Blood Disorders Center at Children’s Healthcare of Atlanta, Atlanta, GA, USA; 2Department of Pediatrics at Emory University, 
Atlanta, GA, USA

Background: There are several factors that influence pediatric cancer survivors’ participation in recommended long-term surveillance for 
late effects. The aim of this analysis is to determine if the use of an electronic personal health record (ePHR), such as Cancer SurvivorLink™ 
(www.cancersurvivorlink.org), increases the likelihood a patient returns to clinic for recommended survivor care.

Methods: Medical chart review was conducted for all English-speaking pediatric cancer survivors seen in the Aflac Survivor Clinic at 
Children’s Healthcare of Atlanta between February 1, 2012-July 31, 2013. Each chart was reviewed for having at least one documented 
follow-up visit at our clinic before December 31, 2014. Demographic, diagnosis, and treatment variables were also abstracted. Patients who 
transitioned to other survivor care during the study period were excluded from this analysis. All clinic attendees received printed material on 
SurvivorLink registration. Survivors and/or parents of survivors <18 years old who completed registration prior to their appointment or within 
90 days were classified as SurvivorLink users. 

Results: Of the 567 eligible patients seen in our clinic during the study period, 87.7% had at least one follow-up visit. Those who received 
radiation therapy and were <10 years off therapy were more likely to return for a follow-up visit (p<0.05). Overall, 94.1% of SurvivorLink 
users returned to clinic compared to 85.6% of non-users (p=0.01). When controlling for radiation therapy, time off therapy, and age at first 
visit, SurvivorLink users remained significantly more likely to return to clinic (Adjusted Odds Ratio: 2.65; 95% Confidence Interval: 1.22, 5.74). 

Discussion: Although our clinic has a high return to clinic rate, we found that being a SurvivorLink user increased the odds a patient 
returning after controlling for treatment factors. More research is needed to determine how patient engagement and presence of late effects 
influence ePHR use and long-term follow-up care. 

64. PARENTS’ PREFERENCES FOR THE ORGANIZATION OF LONG-TERM FOLLOW-UP OF CHILDHOOD CANCER SURVIVORS  
Janine Vetsch, MSc1, S.Corina Rueegg, PhD1, Luzius Mader, MSc1, Gisela Michel, PhD, Prof1,2

1Department of Health Sciences & Health Policy, University of Lucerne, Lucerne, Switzerland; 2Institute of Social and Preventive Medicine, 
University of Bern, Bern, Switzerland

Background: Risk-based lifelong follow-up care for childhood cancer survivors is important to early detect and treat late effects. Several 
guidelines and models of follow-up care have been developed. During childhood and adolescence parents have an important influence 
on follow-up attendance of their child. We aimed to investigate 1) aspects of follow-up which are important to parents, and 2) parents’ 
preferences for specialists involved in follow-up and different models of care.

Methods: As part of the Swiss Childhood Cancer Survivor Study (SCCSS) a follow-up questionnaire was sent to parents of childhood cancer 
survivors who had previously completed the baseline questionnaire and whose child was diagnosed at age <16 years, survived ≥5 years 
after diagnosis and was aged 11-17 years at study. We assessed reasons why parents think follow-up is important, what follow-up should 
include, parents’ preferences for specialists involved, preferences for models of care, and socio-demographic information. Proposed models 
of care were: telephone or questionnaire, general practitioner, paediatric oncologist, medical oncologist or multidisciplinary team. Clinical 
data was available from the Swiss Childhood Cancer Registry. 

Results: Of 309 eligible parents 189 responded (67%). Parents valued clinical reasons for follow-up care higher than supportive reasons 
(p<0.001). They valued competent staff, being taken seriously, opportunities to check for cancer recurrence and late effects, and reassurance 
about child’s health. The preferred specialists involved were paediatric oncologists and general practitioners. Parents valued follow-up care 
by the paediatric oncologist or by a multidisciplinary team highest and least favoured follow-up by telephone or questionnaire (p<0.001).

Conclusion: We showed that parents value clinic based follow-up care by paediatric oncologists or a multidisciplinary team to reassure that 
their child is healthy. Parents’ preferences for the organization of long-term follow-up care for young childhood cancer survivors should be 
taken into account when setting up new follow-up programmes. 
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65. THE WORKPLACE EXPERIENCES OF CHILDHOOD CANCER SURVIVORS L.R. Martinez, PhD1, Deborah B. Crom, PhD2, Nan Zhang, 
MMS2, Kumar Srivastava, PhD2, Lisa Walters, MSN2, Karen Hale, MSN2, Teresa Sweeney, MSN2, Debbie Redd, MSN2, Daniel Smith, DNP2,  
Tim Folse, MD2, Leslie L. Robison, PhD2, Melissa M. Hudson, MD2,3, M.R. Hebl, PhD4

1The Pennsylvania State University, University Park, PA, USA; 2St. Jude Children’s Research Hospital, Memphis TN, USA; 3University of 
Tennessee Health Science Center, Memphis, TN, USA; 4Rice University, Houston TX, USA 

Purpose: Finding and retaining employment following treatment and recovery is a significant challenge for many childhood cancer survivors. 
The influence of workplace discrimination on their maintenance of employment is not known. The goals of this study were 1) to examine the 
psychosocial workplace attitudes of childhood cancer survivors and, 2) to predict the turnover intentions of these individuals.

Methods: A total of 393 survivors from the St. Jude Lifetime Cohort Study participated in this investigation. Workplace experiences were 
surveyed among all participants who reported previous full or part-time employment. Variables measured included workplace attitudes 
such as job satisfaction, organizational commitment (affective and continuance), job stress, fit with the organization, performance, turnover 
intention, and both formal and interpersonal discrimination. The relationship between perceived discrimination and turnover intention was 
calculated. Multiple linear regression analysis was used to determine the indirect contribution of workplace attitudes.

Results: The incidence of either formal (µ = 1.55; SD = 1.07) or interpersonal discrimination (µ = 1.81; SD = 0.84) was relatively low, 
as was turnover intention (M = 3.09; SD = 2.21). Nevertheless, both formal and interpersonal discrimination were significantly related to 
turnover intention (r = 0.73, p<0.001 and r = 0.61, p<0.001, respectively). There was an indirect effect of job satisfaction on the relationship 
between formal discrimination and turnover intention, while interpersonal discrimination, job satisfaction, affective commitment, and 
continuance commitment all had a statistically significant indirect effect on turnover intention.

Conclusions: The incidence of discrimination, both interpersonal and formal, was low in this cohort, but was a statistically significant 
predictor of turnover intention. Discrimination in the workplace can have negative impacts on both the continuing employment of individual 
cancer survivors and the long-term success of the organization.

66. HELPING CHILDHOOD CANCER AND CNS TUMOR SURVIVORS PLAN FOR TRANSITIONS TO POSTSECONDARY EDUCATION AND 
EMPLOYMENT Marnie Hauff, BA1, Juliana Hersh, MSOT1, Jill Isenberg, PhD2, Debra Spoljaric, MSN, RN, CPNP-PC3, Regina Abel, PhD1, 
Jennifer Henry, BA1, Robert J. Hayashi, MD1, Allison King, MD, MPH1 
1Washington University School of Medicine. 2St. Louis Children’s Hospital. 3Siteman Cancer Center, Washington University School of Medicine, 
St. Louis, MO, USA

Purpose: To identify the information needs of childhood cancer or CNS tumor survivors with known learning difficulties, and their parents, as 
they transition to postsecondary education and employment. 

Summarized Description of Project: This was a cross-sectional survey study. Inclusion criteria included: diagnosis of childhood cancer or 
CNS tumor with neurocognitive deficits; age 11 – 21 years; enrolled in school outside of home; has IEP, 504 Plan, or Services Plan in place. 
Thirty survey questions reflected primary domains of transition planning: education and training, employment, and independent living skills. 
We enrolled 65 sets of childhood cancer and CNS tumor survivors and their parents (130 participants). Surveys were completed while in the 
clinic setting, at home and returned by mail, or online.

Results: Ninety-two surveys were completed by 47 parents and 45 students (23 males). The mean age of survivors was 16 years (age range 
11 – 21). Of the 45 students, 55% were survivors of a CNS tumor; 45% represented other cancer diagnoses. Most of these students were 
enrolled in public schools and each had either an Individual Education Plan (IEP) or a 504 Accommodation Plan. 44% of the students actually 
attended IEP or 504 meetings; only 20% of them report knowing what a transition plan is compared to 63% of parents. Both students and 
parents want more information about transition plans. 80% of survivors plan to go to college; 65% of them do not know what academic 
support services are available in college. 

Conclusions: Adolescent and young adult (AYA) childhood cancer or CNS tumor survivors with learning difficulties and their parents have 
difficulties planning their transition beyond high school and understanding their educational rights. Providing targeted educational resources 
to these survivors and their parents can help them make informed choices while planning their futures.

67. EMPLOYMENT STATUS AND HOUSEHOLD INCOME IN PARENTS OF CHILDHOOD CANCER SURVIVORS L. Mader, MSc1, C.S. Rueegg, 
PhD1, J. Vetsch, MSc1, J. Rischewski, MD3, M. Ansari, MD4, C.E. Kuehni, PhD2, G. Michel, PhD1,2

1Department of Health Sciences and Health Policy, University of Lucerne, Lucerne, Switzerland; 2Institute of Social- and Preventive Medicine 
(ISPM), University of Bern, Bern, Switzerland; 3Department of Paediatric Oncology/Hematology, Children’s Hospital, Cantonal Hospital, 
Lucerne, Switzerland; 4Department of Pediatric, Unit of Oncology/Hematology, Geneva University Hospital, Geneva, Switzerland

Background: Care taking during treatment for childhood cancer may adversely affect parental professional life and result in a financial 
burden. We aimed to 1) describe employment status and household income in parents of long-term childhood cancer survivors (CCS) 
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compared to parents of the Swiss general population and 2) identify socio-demographic and cancer-related factors associated with 
employment and income in parents of CCS.

Methods: As part of the Swiss Childhood Cancer Survivor Study, a questionnaire was sent to parents of CCS aged 5-15 years at study, 
who survived ≥5 years after diagnosis. Data for the general population was available from the Swiss Health Survey (SHS; restricted to 
parents with ≥1 child aged 5-15 years). Analyses were performed separately for mothers and fathers. The general population sample was 
standardized on age, migration background, language, education, and number of children according to parents of CCS.

Results: We included 448 parents of CCS and 3667 parents of SHS. Two thirds of mothers were employed part-time (CCS: 62.3%; SHS: 
66.4%; p=0.128), and most fathers full-time (CCS: 92.1%; SHS: 85.8%; p=0.005). Household income did not differ between the two 
samples (pmothers=0.496; pfathers=0.125). In multivariable regression models, mothers of older survivors (OR=2.39, CI:1.14-5.01) 
and fewer children (OR=0.77, CI:0.60-0.99) were more likely employed. Single-parenting fathers (OR=0.04, CI:0.00-0.57) and those of 
CCS with a relapse (OR=0.09, CI:0.03-0.34) were less likely employed. Higher household income was associated with higher education 
(ORmothers=3.80, CI:2.56-5.60; ORfathers=5.33, CI:3.56-7.97), not being a single parent (ORmothers=0.10, CI:0.05-0.20) and French 
language (ORfathers=2.03, CI:1.19-3.46).

Conclusion: More than 5 years after diagnosis, parents’ employment situation and household income was comparable to the Swiss general 
population and mainly determined by socio-demographic rather than cancer-related factors.

68. BARRIERS AND FACILITATORS TO FOLLOW-UP IN CHILDHOOD CANCER SURVIVORSHIP: PROVIDERS’ PERCEPTIONS  
J.B. Brown1,2,3,4, F.D. Bonaduce2, E.D. Fruge1,2,3, N. Barahmani1,2, M.F. Okcu1,2,3, D.D. Schwartz1,3

1Department of Pediatrics, Section of Hematology & Oncology, 2Baylor College of Medicine, 3Texas Children’s Hospital, Houston, TX, USA; 
4Department of Health Studies, Texas Woman’s University, Denton, TX, USA

Objective: Advances in medical treatment have improved the overall 5-year survival rate for childhood cancers to an estimated 80%. At 
least two-thirds of childhood cancer survivors (CCS) will experience an adverse effect after therapy which could be life-threatening, yet 
follow-up for recommended late-effects surveillance and care is suboptimal. Not much is known about why the great majority of CCS do not 
follow up for recommended services. As part of a larger study, we conducted structured interviews with pediatric oncology providers to learn 
their perspectives on the potential barriers to and facilitators of follow-up for patients and caregivers attending a clinic providing life-long 
care to CCS.

Methods: Four nurse practitioners and four oncologists at a major urban pediatric hospital completed structured, audio-recorded interviews. 
Data analysis was conducted in two phases. First, two investigators independently reviewed the interviews to identify themes and categorize 
them as either facilitators or barriers. Consensus was reached through discussion. Afterward, the larger research team (n=6) refined and 
categorized the initial list of themes, which was organized into a preliminary model using ATLAS/ti.

Results: Twenty-seven specific themes were identified and placed into two superordinate categories. Healthcare system characteristics 
(14 items) included both within-institution and outside-the-institution factors (e.g., provider and staff behaviors; insurance). Patient/family 
characteristics (13 items) included health beliefs, behaviors, and broader socioeconomic and demographic factors. Communication and 
rapport between providers and families were conceptualized as processes linking these categories. 

Conclusion: Multiple factors may influence survivors’ adherence to follow-up care. Further validation of the identified barriers and 
facilitators from the perspective of patients and caregivers is warranted to develop a comprehensive model, which can inform healthcare 
providers of modifiable contributors to suboptimal adherence in long-term survivorship care.

69. PRIMARY CARE PHYSICIANS’ ATTITUDES, PERCEPTIONS, AND EXPERIENCES PROVIDING PEDIATRIC SURVIVORSHIP CARE:  
A MIXED METHODS APPROACH Neel S. Iyer, MPH1, Hannah-Rose Mitchell, MPH2, Daniel Zheng2, Nina S. Kadan-Lottick, MD, MSPH2,3

1Lake Erie College of Osteopathic Medicine, Erie, PA, USA; 2Yale School of Medicine, New Haven, CT, USA; 3Yale Smilow Cancer Center, New 
Haven, CT, USA

Background: Little is known regarding the receptiveness and ability of primary care providers (PCPs) to provide long-term follow-up care 
for childhood cancer survivors.

Objective: Determine PCP perceptions regarding 1) their role in and experiences with providing survivorship care, and 2) barriers 
encountered.

Method: A brief survey was mailed to PCPs of all childhood cancer survivors evaluated at the Yale regional survivorship clinic from 
1/2007-6/2014. All PCPs had previously been sent a copy of the patient’s survivorship care plan (SCP), a detailed treatment summary 
and individualized schedule of follow-up surveillance, after the clinic visit. In-depth phone interviews were conducted with a subset of 16 
volunteers until theoretical saturation was achieved. 
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Results: Overall, 143 (64.4% participation rate) surveys were completed by PCPs, including 57% pediatricians, 21% internists, 17% family 
practitioners, and 5% gynecologists. Though 47% reported previously receiving training related to survivorship care, only 3% endorsed 
feeling “very comfortable” with providing all survivorship care. Interestingly, 49% of PCPs preferred that patients received survivorship care 
at a specialized clinic, with only 9% preferring PCPs have primary responsibility for providing survivorship care, and the rest endorsed a 
combination. Specific training in survivorship care, number of survivors seen, and years since graduating medical school were not associated 
with these preferences. The most prominent barriers identified (see Table) were ‘lack of knowledge,’ and ‘unclear/incomplete SCP.’ Qualitative 
interviews confirmed these results with additional themes including lack of familiarity with the SCP and confusion about what components 
are specifically the PCP’s responsibility versus the oncologist’s.

Conclusion: Despite being sent the SCP, the majority of PCPs endorsed lack of comfort with providing survivorship care. Several knowledge 
and communication barriers were identified that could be targeted in future interventions.

Barriers to Providing Care % (n=143)

Lack of knowledge or training 88.4%

Incomplete/unclear SCP 83.5%

Unsure of whose responsibility care is 71.1%

Lack of communication with oncologist 57.0%

Lack of access to specialists 53.7%

Lack of patient willingness 50.0%

Lack of reimbursement 36.4%

70. IDENTIFYING METRICS OF SUCCESS FOR TRANSITIONAL CARE PRACTICES IN CHILDHOOD CANCER SURVIVORSHIP 
Karim Thomas Sadak, MD, MPH, MSE1, David R Freyer, DO, MS2, Joseph P Neglia, MD, MPH1, Eileen M Harwood, PhD, MEd1 
1University of Minnesota, Minneapolis, MN, USA; 2Children’s Hospital Los Angeles, Los Angeles, CA, USA

Purpose: Most adult survivors of childhood cancer do not report receiving survivor-focused care. Lapses in such care may occur when 
survivors transition to adulthood and age out of pediatric care-settings. The purpose of this study is to identify indicators of success, from 
the provider perspective, in current transitional care practices for young adult survivors of childhood cancer as reported by members of 
survivorship care teams.

Project Description: An exploratory qualitative study was conducted that interviewed key stakeholders from the medical teams that are 
involved in the transition of survivorship care from pediatric to adult care-settings. The study participants were asked to define a successful 
transition from the provider perspective. They came from a convenience sample of individuals who were members of the healthcare team 
that had direct or indirect contact with survivors before, after or during the transition. This sample was pooled from three institutions 
that have well-established transitional care programs for childhood cancer survivors. Data was collected through semi-structured phone 
interviews (30-60 minutes) and were transcribed then coded using principles of directed content analysis to identify major themes.

Results: Response rate was 100%, as all 29 eligible participants completed the phone interviews. The sample consisted of 10 physicians, 
8 nurse practitioners, 6 nurses, 2 psychologists, 1 social worker, 1 dietician, and 1 scheduler. From the provider perspective, preliminary 
analysis suggested that a successful transition should involve a comprehensive educational message as a central part of the survivor-
focused care. Promoting health care responsibility among the survivor was also highlighted by providers.

Conclusions: As survivors approach adulthood and potential transitions in care, educational messages begin to take on a greater 
importance as part of survivor-focused care. There is also a role for deliberate actions by providers to facilitate survivors taking ownership of 
their own health care needs.

71. TRANSITIONAL CARE PRACTICES, SERVICES AND DELIVERY IN CHILDHOOD CANCER SURVIVORSHIP Karim Thomas Sadak, MD, 
MPH, MSE1, Debra Kent, APRN, MSN, RN2, Karen E Kinahan, MS, PCNS-BC3, Dava Szalda, MD4, Tara O. Henderson, MD5, Lisa A. Schwartz, 
PhD6, David Freyer, DO, MS7

1University of Minnesota, Minneapolis, MN, USA; 2Cincinnati Children’s Hospital, Cincinnati, OH, USA; 3Lurie Comprehensive Cancer Center 
at Northwestern, Chicago, IL, USA; 4Children’s Hospital of Philadelphia, Philadelphia, PA, USA; 5University of Chicago, Chicago, IL, USA; 
6Children’s Hospital of Philadelphia, Philadelphia, PA, USA; 7Children’s Hospital Los Angeles, Los Angeles, CA, USA

Purpose: Limited information exists on the availability and type of transitional care services offered to young adult survivors of childhood 
cancer. Transition practices are widely disparate in the United States and may be evolving. The purpose of this study is to describe current 
transitional care practices for young adult survivors of childhood cancer at U.S. institutions. 



50

Project: Description: An online electronic survey has been developed for distribution to one respondent at all US institutions that treat 
childhood cancer. The respondent will be a known member of the survivorship team and if no such team exists, an active clinical provider 
will be identified. Information will be collected about (1) the availability and type of long-term follow-up services for adult survivors of 
childhood cancer and (2) specific policies and procedures related to transitional survivorship care. Responses will be analyzed using standard 
frequency distributions and the responses to open-ended questions will be grouped and coded. 

Results: Respondents were identified from 162 distinct US institutions, each with a corresponding email address. This included 71 
physicians, 34 nurse practitioners, and 34 nurses. For 33 institutions a designated clinical provider for childhood cancer survivors could not 
be identified. In these situations, a clinical provider who actively delivered care to childhood cancer patients was selected. Data collection 
and preliminary analysis are ongoing.

Conclusions: Describing transitional care practices for young adult survivors of childhood cancer in the US will help generate hypotheses 
regarding service gaps, facilitators and barriers that may suggest intervention studies to promote survivorship care across the age 
continuum. 

72. REFERRAL AND RETENTION PATTERNS OF A CHILDHOOD CANCER SURVIVOR PROGRAM FOR YOUNG ADULTS  
Kate Shafer, MSW, LICSW1, Katarina Steacy, APRN, FNP-C, CPON2, Michael Czarnecki, DO3, Karim Thomas Sadak, MD, MPH, MSE4

1Children’s National Medical Center, Washington, DC, USA; 2University of Maryland, Baltimore, MD, USA; 3George Washington University, 
Washington, DC, USA; 4University of Minnesota, Minneapolis, MN, USA

Purpose: To describe the referral and retention patterns of a risk-based survivor program for young adult survivors of childhood cancer. 

Project Description: A retrospective review of the medical records was performed to describe demographics, referrals and retention 
patterns of 162 young adult survivors of childhood cancer seen in a specialized long-tern follow-up clinic over a 3 year period (Thriving After 
Cancer). Referrals were tracked both by what the provider ordered and if the survivor completed the appointment. Retention rates were 
calculated between year 1/2 and year 2/3.

Results: Mean age of participants was 32.7 years. Gender distribution was equal and ethnicities represented mirrored that of the general 
population. The most common diagnoses were leukemias (35%, 56/162), brain tumors (22%, 35/162) and lymphomas (19%, 30/162). 
Most patients were either currently in college or had received a college degree (58%, 94/162). The most common referrals were for 
echocardiograms (24%, 124/513), internal medicine to establish primary care (12%, 62/513), DEXA scans (11%, 54/513) and psychiatry 
(10%, 50/513). In years 1, 2 and 3, 69%, 79% and 67% respectively of referrals made were completed by the survivors. In year 1, 73% 
(54/73) of survivors returned for a subsequent annual follow-up visit. In year 2, 62% (31/50) of survivors returned for follow-up visits. Overall, 
69% (85/123) of patients seen in the long-term follow-up program returned for a second visit.

Conclusion: Seamless referrals for a young adult population of childhood cancer survivors rely on an available network of age-appropriate 
subspecialty providers and diagnostic services. Delivering such survivorship care in an adult care-setting may help facilitate this. Despite 
historically low participation in survivor-focused care by adult survivors of childhood cancer, programs such as Thriving After Cancer have 
established models of care that over a short period of time promoted high retention rates for longitudinal survivor care.

73. PARENT PERCEPTIONS ON THE TRANSITION OF CHILDHOOD CANCER SURVIVORSHIP CARE FROM THE PEDIATRIC TO ADULT 
CARE-SETTING Karim Thomas Sadak, MD, MPH, MSE1, Amanda M. DiNofia, MD2, Kate Shafer, MSW, LICSW3, Katarina Steacy, APRN, FNP-C, 
CPON4

1University of Minnesota, Minneapolis, MN, USA; 2Children’s Hospital of Philadelphia, Philadelphia, PA, USA; 3Children’s National Medical 
Center, Washington, DC, USA; 4University of Maryland, Baltimore, MD, USA

Purpose of Study: To describe what parents desire in the survivorship care of their children as they transition from pediatric to adult 
care-settings.

Summarized Description of Project: A descriptive cross-sectional survey study was performed to evaluate important factors for parents 
of pediatric cancer survivors in their decision to transition survivorship care from pediatric to adult care. Survivors were greater than 16 
years of age and were receiving pediatric long-term follow-up care. The survey included 9 background and baseline knowledge questions, 
including willingness to transition care to an adult setting. These were followed by 20 questions highlighting aspects of survivorship care that 
parents could rate on a four-point scale of importance in their decision to transition to adult-based care. The options included not important, 
of little importance, important, and very important.

Results: Of 123 eligible parents, 41 completed and returned the survey (response rate 33%). Most parents (74%) were willing to transition 
their child’s survivorship care from pediatric to adult care. Insurance acceptability and seeing a provider knowledgeable in childhood cancer 
were selected by 85% of the participants as “very important” in the decision to transition survivorship care. The next most frequently 
selected “very important” factor was including parents as a central role in survivorship care (83%). No association was detected between 
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demographic factors and the affirmative assertion by parent’s to transition their child’s survivorship care. No program component was 
moderately or highly correlated with the affirmative desire to transition.

Conclusion: The decision for a parent to transition survivorship care of their child to age-appropriate care-settings is complex and not well 
understood. Issues related to insurance and the new providers’ expertise appear to be the most important factors for parents of young adult 
survivors. Parental involvement must be considered in planning transition programs that optimize longitudinal care for young adult survivors.

74. LATE OUTCOMES AMONG ADULT SURVIVORS OF CHILDHOOD NON-HODGKIN LYMPHOMA (NHL): A REPORT FROM THE  
ST. JUDE LIFETIME (SJLIFE) COHORT STUDY Matthew J. Ehrhardt, MD, MS, John T. Sandlund, MD, Nan Zhang, MMS, Kirsten K. Ness PhD, 
Wassim Chemaitilly, MD, Kevin R. Krull, PhD, Tara M. Brinkman, PhD, Deborah B. Crom, RN, PhD, Larry Kun, MD, Sue C. Kaste, DO,  
Gregory T. Armstrong, MD, MSCE, Daniel M. Green, MD, Kumar Srivastava, PhD, Leslie L. Robison, PhD, Melissa M. Hudson, MD,  
Daniel A. Mulrooney, MD, MS

St. Jude Children’s Research Hospital, Memphis, TN, USA

Background: Adult survivors of childhood NHL are at risk for chronic conditions likely underestimated by patient reported outcomes. 
Prevalence and severity based on direct clinical assessment are lacking. 

Methods: Clinical, laboratory, and performance-based evaluations were obtained on 200 adult survivors of pediatric NHL at St. Jude 
Children’s Research Hospital. Chronic conditions were graded per CTCAE criteria. Impaired physical function was defined as performance 
below the 10th percentile of normative data. Multivariable Poisson regression models were used to investigate associations [relative risk 
(RR), 95% confidence intervals (CI)] between patient characteristics, cancer treatments, and clinical outcomes.

Results: Survivors (66% male, 87% white) were a median age of 10 years (range 1-19) at diagnosis and 34 years (20-58) at evaluation. 
Forty-six (23%) received radiation to the brain, 69(35%) high dose methotrexate, and 161 (81%) steroids. Most (93%) had ≥1 chronic 
condition, 77% ≥2 chronic conditions, and 50% a severe/life-threatening (grade 3-4) condition. Most prevalent were overweight/obesity 
(65%), cognitive impairment (46%), dyslipidemia (41%), and impaired fasting glucose (37%). Most prevalent grade 3-4 conditions were 
obesity (35%), hypertension (15%), and cognitive impairment (13%). Risk-based screening detected cardiomyopathy in 14 (8.5%); 50% were 
grades 3-4. There were 27 second cancers (61% grades 3-4) in 23 (12%) survivors. Prevalence of abnormal body composition, measured 
by waist to height ratio and percent fat on dual-energy x-ray absorptiometry was 72%. Many had impaired aerobic (22%), strength (48%), 
muscular endurance (36%), flexibility (39%), and mobility (36%) assessments. Adjusting for ages at diagnosis and evaluation, race, and 
methotrexate, male sex (RR=1.2, CI: 1.1-1.5), anthracycline exposure ≥250mg/m2 (RR=1.3, CI: 1.1-1.6), and radiation (RR=1.3, CI: 1.1-1.6) 
were associated with having ≥2 chronic conditions. Non-white race (RR=1.6, CI: 1.2-2.1) was associated with a grade 3-4 condition.

Conclusions: Prospective systematic evaluation identified significant chronic conditions and performance limitations in adult survivors of 
childhood NHL. 

75. TREATMENT FOR OSTEOSARCOMA AND EWING’S SARCOMA IN NORDIC CHILDREN AND RISK OF LATE EFFECTS  
Camilla Pedersen, PhD1, Jørgen H. Olsen, MD, DMSc1, Lars Hjorth, MD, PhD2, Henrik Hasle, MD, PhD3, Jeanette Falck Winther, MD, DMSc1

1Danish Cancer Society Research Center, Danish Cancer Society, Copenhagen, Denmark; 2Department of Pediatrics, Skåne University 
Hospital, Lund, Sweden; 3Department of Pediatrics, Aarhus University Hospital, Skejby, Aarhus, Denmark

Purpose: Osteosarcoma and Ewing’s sarcoma are the two major types of malignant bone tumors in children. Treatment for these cancers 
has improved considerably during the last decades with more patients becoming long-term survivors. Knowledge about long-term adverse 
health consequences of the cancer and the life-saving treatment is highly requested. The aim of this study is to provide a complete overview 
of somatic late effects in survivors of osteosarcoma and Ewing’s sarcoma.

Methods: The study is conducted within the large inter-Nordic cohort of childhood cancer survivors ‘Adult Life after Childhood Cancer in 
Scandinavia’ (ALiCCS) comprising all children diagnosed with cancer before the age of 20 in Denmark, Sweden, Norway, Iceland and Finland. 
The present study includes 1 533 children diagnosed with a primary malignant bone tumor during the period 1943−2008. The risk for 
hospitalization among the survivors is compared with that of 212 000 population comparisons selected at random in the Nordic Population 
Registries. Relative and absolute risks are estimated for overall hospitalization and for a variety of specific diseases.

Results: Preliminary results show that survivors of malignant bone tumors are at higher risks of being hospitalized for endocrine 
(standardized hospitalization rate ratio [SHRR], 2.7; 95% CI, 2.2–3.3) and neurological disorders (SHRR, 3.0; 95% CI, 2.3–3.9) as well as 
for renal (SHRR, 2.4; 95% CI, 1.9–3.0), cardiovascular (SHRR, 2.1; 95% CI, 1.8–2.4), gastrointestinal (SHRR, 1.7; 95% CI, 1.4–1.9), and 
pulmonary disease (SHRR, 2.1; 95% CI, 1.9–2.4) compared with population comparisons. 

Conclusion: This study will strengthen the knowledge of the late effects that survivors of osteosarcoma and Ewing’s sarcoma encounter 
as they age. The ultimate goals are to allow better planning of treatment protocols with fewer late effects, to contribute to preventive 
intervention strategies, and to improve the basis for patient counselling and optimal follow-up care. 
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76. LATE EFFECTS IN CHILDREN TREATED FOR WILMS TUMOR AT A SINGLE CENTER IN BRAZIL Monica Cypriano, MD, Angela Spinola e 
Castro, MD, PhD, Eliana Caran, MD, PhD, Adriana Siviero-Miachon, MD, PhD, Arnaldo Luiz Pires, Antonio Sergio Petrilli, MD, PhD 

Pediatric Oncology Institute (IOP)/ GRAACC/ Federal University of Sao Paulo (UNIFESP), São Paulo, SP, Brazil

Introduction: Over 80% of patients with Wilms tumor (WT) can be cured from their disease, most of them with minimal late effects; 
nonetheless, patients with advance stage tumor, unfavorable histology or disease relapse are at increased risk of long-term complications.

Purpose: To assess renal dysfunction, cardiomyopathy, musculoskeletal deformities, puberal problems, infertility and second neoplasm in 
WT survivors.

Methods: From 1991 to 2001, 204 WT patients were registered and 126 were eligible for the study: 70 from group 1 (patients treated from 
1991 to 2001, on the Brazilian Cooperative Group protocol - GCBTTW) and 56 from group 2 (treated from 2002 to 2011, on SIOP protocol). 
We reviewed the medical charts, performed a full physical exam (vital signs, anthropometric measurements, body composition, puberal 
development and musculoskeletal deformities), and assessed renal and cardiac function. 

Results: Initial treatment was different between the two groups: GCBTTW indicated initial surgery and SIOP preoperative chemotherapy. 
Intraoperative tumor rupture, abdominal radiation and use of doxorubicin were more common in group 1. Seventy-nine patients underwent 
a complete evaluation: 32 from group 1 and 47 from group 2. No differences between the groups were noted regarding weight and BMI 
z-scores, abdominal fat, musculoskeletal deformities, pubertal development, cardiomyopathy or renal dysfunction. Group 1 patients had 
shorter standing height and sitting height than group 2. Radiation affected the growth in both groups; however, this effect was statistically 
worse in group 1 patients, who had already reached their final height. Hypertension (29.1%) was the most common late effect, followed by 
reduction of the glomerular filtration rate (26.6%), musculoskeletal deformities (24.1%), cardiac (21.9%) and pubertal abnormalities (2.5%).

Conclusion: At least one late effect was found in 63.3% patients; 39.2% presented only one complication; 20.3% two and 3.8% three. 
Despite high cure rates, long-term follow-up is required in WT survivors. 

77. HEALTH-RELATED QUALITY OF LIFE IN LONG-TERM SURVIVORS OF CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA (ALL) 
TREATED WITH CHEMOTHERAPY ONLY Joycelynn Butler, MS1,Yin Ting Cheung, PhD1,Tara Brinkman, PhD1, Cara Kimberg, PhD1, I-Chan 
Huang, PhD1,Yasmin Mzayek, BS1, Ching-Hon Pui, MD1, Melissa Hudson, MD1,2, Kevin Krull, PhD1 
1Department of Epidemiology and Cancer Control, 2Department of Oncology, St. Jude Children’s Research Hospital, Memphis, TN, USA

Purpose: To evaluate the association between demographic and treatment factors and parent-reported child health-related quality of life 
(HRQOL) in long-term survivors of childhood ALL treated on an institutional protocol using only chemotherapy without prophylactic cranial 
irradiation.

Method: Eligibility criteria included being ≥8 years old, ≥5 years post-diagnosis, and having no history of neurodevelopmental or genetic 
conditions unrelated to cancer therapy. Of the 210 participants meeting these criteria, 189 (90%; 49% female; mean [SD] age = 13.82 [4.81] 
years; time since diagnosis = 7.65 [1.69] years) had parents completed two measures of HRQOL. Subscales from the Pediatric Quality of 
Life (PedsQL) Core Module (Physical, Emotional, Social and School functioning) and Cancer Module (Pain, Worry, Cognitive, and Physical 
Appearance) were examined. Multiple linear regression modeling was used to examine associations between these outcomes and current 
age, age at diagnosis, gender, parent education, and treatment-risk stratum (100 Low-Risk and 89 Standard-/High-Risk). 

Results: Ratings were completed primarily by mothers (n=148, 78%). Survivors treated on Standard/High-risk therapy were reported to 
have more cognitive problems (Est = -8.80, SE=3.69, p=0.018), worse emotional health (Est = -7.59, SE=3.19, p=0.0019), and poorer 
perceived physical appearance (Est = -12.28, SE=4.05, p=0.0028) compared to those treated on Low-risk therapies. Female survivors had 
poorer perceived physical appearance (Est = -8.75, SE=3.65, p=0.017) and more pain (Est = -6.48, SE=3.33, p=0.053). Survivors who were 
diagnosed at an older age were reported to have more problems with pain (Est = -4.08, SE= 1.04, p=0.0001) and worry (Est = -2.07, SE= 
0.99, p=0.037). Higher parental education was associated with significantly higher HRQOL in all areas examined. 

Conclusions: Children treated on higher risk chemotherapy-only protocols are described by parents as having more problems with cognition 
and physical-perception and lower emotional HRQOL. Early intervention for these children may be warranted.
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78. NEUROCOGNITIVE, EMOTIONAL, AND QUALITY OF LIFE OUTCOMES IN LONG-TERM SURVIVORS OF RHABDOMYOSARCOMA:  
A REPORT FROM THE CHILDHOOD CANCER SURVIVOR STUDY (CCSS) Melissa Schapiro, MD1, Robert J. Hayashi, MD2, Wei Liu, PhD3, 
Kumar Srivastava, PhD3, Donna Jeffe, PhD2, Stephanie Perkins, MD2, Gregory T. Armstrong, MD, MSCE3, Leslie Robison, PhD3, Marilyn Stovall, 
PhD4, Wendy Leisenring, ScD5, Kevin Krull, PhD3

1Memorial Sloan Kettering Cancer Center, New York, NY, USA; 2Washington University School of Medicine, St. Louis, MO, USA; 3St. Jude 
Children’s Research Hospital, Memphis, TN, USA; 4University of Texas M.D. Anderson Cancer Center, Houston, TX, USA; 5Fred Hutchinson 
Cancer Research Center, Seattle, WA, USA

Background: Previous studies of rhabdomyosarcoma (RMS) survivors have focused on outcomes related to chronic health conditions. We 
evaluated neurocognitive, emotional, and quality of life (QOL) outcomes of >5-year survivors.

Methods: 482 survivors diagnosed 1970-1986 (mean age [SD] 7.2 [5.4] years at diagnosis; 24.3 [4.8] years of follow-up) and 393 siblings 
from the CCSS rated their neurocognition, emotions, and QOL using the Neurocognitive Questionnaire (NCQ), Brief Symptom Inventory-18 
(BSI-18), and Medical Outcomes Short Form-36 (SF-36). Based on normative data, impairment was defined as the bottom 10th percentile 
of performance on the NCQ, the top 10th percentile of symptom prevalence on the BSI-18, and the bottom 15th percentile on each SF-36 
subscale. Odds ratios (OR) and 95% confidence intervals (CI) were calculated using multivariable logistic regression.

Results: Survivors reported more impairment than siblings on NCQ task efficiency (p <0.001), higher symptom prevalence on BSI-18 
depression (13.3% vs. 8.1%, p=0.020) and anxiety (7.9% vs. 4.4%, p=0.038), and poorer QOL on all SF-36 subscales: physical (12.5% 
vs. 3.1%, p<0.001), social (15.5% vs. 9.4%, p=0.009), and emotional (19.2% vs. 13.5%, p=0.030) functioning, pain (12.4% vs. 14.8%, 
p=0.015), general health (26% vs. 11.5%, p<0.001), vitality (27.6% vs. 20.6%, p=0.022), and role limitations due to physical (17.4% vs. 
9.9%, p=0.002) and emotional (21.3% vs. 13%, p=0.002) problems. Among survivors, women were more likely than men to report impaired 
vitality (OR 2.2, 1.3-3.5) and social functioning (OR 2.3, 1.3-4.3). Adjusting for age at diagnosis and sex, cranial radiation therapy was 
associated with poorer task efficiency (p=0.004) and greater likelihood of depression (OR 2.0, 1.1-3.8). Survivors using antidepressants/
anxiolytics reported significantly worse task efficiency and poorer QOL on all SF-36 subscales than survivors not using these medications. 

Conclusions: Adult RMS survivors demonstrate substantial long-term impairment of neurocognitive function, emotional status, and QOL, 
warranting clinical assessment and appropriate interventions.

79. SLEEP AND NEUROCOGNITIVE FUNCTION AMONG SURVIVORS OF CHILDHOOD HODGKIN LYMPHOMA Belinda Mandrell, Nancy West, 
Liang Zhu, Tara Brinkman, Leslie L. Robison, Melissa M. Hudson, Kevin R. Krull

St. Jude Children’s Research Hospital, Memphis, TN, USA

Purpose: Long-term survivors of childhood Hodgkin Lymphoma (HL) self-report sleep disturbance and excessive daytime sleepiness, though 
limited data are available from objective sleep testing and its relation to neurocognitive function. This pilot study explored the association 
between subjective sleep symptoms, objective sleep assessment and neurocognitive function in a small group of HL survivors.

Method: The Epworth Sleepiness Scale (EES) and Pittsburgh Sleep Quality Index (PSQI) were administered to 36 long-term adult survivors 
of childhood HL, aged 34 to 55 years and greater than 10 years from diagnosis. These subjective ratings were compared to wrist actigraphy 
collected over 5 days within the home environment. All survivors also completed comprehensive neurocognitive testing. Symptom reports 
and neurocognitive performance was referenced to national norms and general linear regression was used to examine associations.

Results: Through subjective report, 47% of survivors reported excessive daytime sleepiness on the EES and 58% reported disturbed sleep 
quality on the PSQI. Actigraph data was consistent with insomnia, defined as decreased sleep efficiency, increased sleep latency, increased 
wake after sleep onset and decreased sleep time. Mean sleep efficiency was 82% with a range of 39-100% and a mean sleep latency of 
46 minutes with a range of 0-196 minutes. The mean nocturnal awakenings were 10.1 and mean wake after sleep onset was 69 minutes. 
Overall mean total sleep time was 5.5 hours and mean wake time was 2 hours. Longer total sleep time(r=0.47, p=0.0056) and less wake 
time after sleep onset (r=-0.38, p=0.026) was associated with higher total memory recall. Shorter sleep onset latency (r=-0.37, p=0.029) 
was associated with higher working memory performance. 

Conclusion: Survivors of childhood HL report symptoms of sleepiness and disrupted sleep, which corresponds with objective actigraph 
findings of decreased sleep efficiency. Actigraphy data are associated with lower neurocognitive performance, which emphasizes the 
importance of further study for classification of the sleep disorders to guide appropriate intervention. 
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80. NEUROCOGNITIVE DIFFICULTIES IN LONG-TERM ACUTE LYMPHOBLASTIC LEUKEMIA SURVIVORS: THE PETALE COHORT STUDY 
Aubrée Boulet-Craig, MSc1,3, Philippe Robaey, MD, PhD1,2,5,6, Maja Krajinovic, MD, PhD1,4, Caroline Laverdière, MD1,4, Daniel Sinnett, PhD1,4, 
Sarah Lippé, PhD1,3

1CHU Sainte-Justine, Montreal, Quebec, Canada; 2Children’s Hospital of Eastern Ontario, Ottawa, Ontario, Canada; 3Université de Montréal, 
Department of Psychology, Montreal, Quebec, Canada; 4Université de Montréal, Department of Pediatrics, Montreal, Quebec, Canada; 
5Université de Montréal, Department of Psychiatry, Montreal, Quebec, Canada; 6University of Ottawa, Department of Psychiatry, Ottawa, 
Ontario, Canada

Background: Despite the major improvements in treatment protocols for acute lymphoblastic leukemia (ALL) during the last decades, 
many researches have demonstrated that ALL survivors are at risk of developing different long-term side effects caused by the treatments. 
Amongst them, long-term effects can be of neurocognitive nature. The most common cognitive deficits observed in leukemia survivors are 
linked to executive functions, like working memory, attention, cognitive flexibility and processing speed (Krull et al, 2008; Krull et al, 2013). 

Methods: In this study, we aimed at describing neurocognitive deficits presented in individuals from a cohort of 134 ALL survivors treated at 
CHU Sainte-Justine, Montreal (mean age=21.7, SD=6.7). The DIVERGT evaluation battery (Krull et al., 2008) and ABAS-II, Conners-3, BRIEF 
CCSS-NCQ and ASEBA/ CBCL questionnaires were administered. 

Result: Our preliminary results show that 55% of our cohort presented at least one cognitive deficit. The most common difficulties concern 
working memory, fine dexterity, phonological verbal fluency and cognitive flexibility. Chi-square analysis were also performed in order to 
determine the most common reported difficulties assessed by the self-report questionnaires administered. Results show that difficulties 
regarding executive functioning are significantly more reported than affective symptoms (p<0.01) and adaptive behavior difficulties (p<0.01). 

Conclusions: Deficits regarding attention capacities are also significantly more reported than adaptive behavior difficulties (p<0.01). 
Extreme group comparison is currently being conducted in order to submit the worst and best performers to a more detailed 
neuropsychological evaluation.

81. LONG-TERM FOLLOW-UP OF CRANIALLY IRRADIATED CHILDHOOD LEUKEMIA SURVIVORS SHOW COGNITIVE IMPAIRMENT AND 
PROGRESSIVE DECLINE IN SUSTAINED ATTENTION, IN SPITE OF COMPLETE HORMONE REPLACEMENT Cecilia Follin1, Aki Johansson2, 
Kai Österberg2, Andrea Rovira2, Magdalena Jansson2, Thomas Wiebe3, Eva Marie Erfurth1 
1Department of Endocrinology, Skane University Hospital, Lund, Sweden; 2Department of Psychology, Lund University, Lund, Sweden; 
3Department of Paediatrics, Skane University Hospital, Lund, Sweden

Background: Survivors of childhood leukemia (ALL) treated with cranial radiotherapy (CRT) are at risk for cognitive impairment. Whether the 
impairment progresses with follow-up time and if survivors with cognitive impairment have an increased risk for overweight, is unknown. We 
aimed to investigate the long-term cognitive functioning in ALL survivors treated with CRT in comparison to matched controls.

Method: Cognitive functioning was investigated in 38 ALL survivors, treated with CRT (24 Gy), at a median age of 5 years (1-17). The 
survivors were on complete hormone substitution. Median age at follow-up was 38 years (33-46) and the survivors were investigated 34 
years (26-40) after diagnosis. Comparisons were made with 28 controls, matched for gender and age.

Results: After 34 years of treatment survivors demonstrated a lower performance in vocabulary, memory, learning capacity, spatial ability, 
executive functions and attention (all, P<0.001), compared to controls. 58% of the survivors had moderate/severe impairment in visuo-
spatial function and episodic memory, and had significantly higher BMI (28.4 vs 25.9), (P=0.01), compared to survivors with normal cognitive 
function. Furthermore, this group was treated at younger age (3; 1-9) compared to the survivors with normal cognition (6; 3-17). 

From the age of 26 yrs to the age of 38 yrs, and in comparison to the same matched controls, 69% of the survivors demonstrated a decline 
in psychomotor speed tests of reaction time (RT) (sustained attention)(P=0.02, P<0.001). A significantly higher BMI was recorded among the 
survivors with an increased RT of > 15%, compared to survivors with < 15% increased RT. 

Conclusion: 34 years after ALL diagnosis, we report persistent cognitive impairment and a progressive decline in sustained attention 
in survivors. The survivors with overweight had the most attenuated impairment in cognitive function. Intervention strategies should be 
multidimensional and include tailored psychosocial and healthy life-style support.
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82. LATE COGNITIVE EFFECTS IN ETHNICALLY DIVERSE SURVIVORS OF CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA (ALL) AND 
RELATIONSHIPS WITH SOCIOECONOMIC STATUS (SES) Christopher Nuñez, PhD1,2, Laura Bava, PsyD2, David Freyer, MS, DO1,2

1Department of Pediatrics, Keck School of Medicine, University of Southern California, Los Angeles, CA, USA; 2Children’s Center for Cancer 
and Blood Diseases, Children’s Hospital Los Angeles, Los Angeles, CA, USA

Background: Survival after ALL is worse for ethnic minority than white children (Bhatia, 2013; Lim, 2013), and long-term cognitive 
outcomes in Latino ALL survivors may also be worse compared to other groups (Patel, 2013). It is well-established that typically developing 
children (TDC) from ethnic minorities perform worse than white TDC on many cognitive measures, likely related to differences in SES and 
other environmental factors (Sattler, 2008), and low SES children exhibit significant neurodevelopmental and achievement differences 
through childhood (Noble, 2007; Noble, 2006). 

Methods: In this study, we compared long-term cognitive functioning in an ethnically diverse sample of ALL survivors treated at Children’s 
Hospital Los Angeles (n=41, females=21, mean age=11.1 years) with a high representation of Latinos (88%) to published norms for 
neurocognitive and academic measures. Consistent with previous reports, we hypothesized that participants would perform significantly 
worse on measures of intellectual functioning, verbal and non-verbal reasoning, working memory, processing speed, executive functioning, 
and academic skills. We further hypothesized that neurocognitive performance would be significantly correlated with SES, as measured by 
maternal education level and estimated family income. 

Results and Conclusions: As predicted, children in this sample performed significantly worse on all measures when compared to 
normative samples (p<0.05). Contrary to our prediction, there were no significant correlations between cognitive performance and 
socioeconomic status, except on IQ and two language measures (vocabulary, verbal reasoning). Our findings demonstrate significant 
chemotherapy-related neurocognitive late effects in a largely Latino sample, and suggest that SES alone does not explain poor performance 
in ethnic minority ALL survivors. To better understand ethnic disparities in outcomes and to test SES effects, future studies will require 
comparison to an ethnically matched TDC control group and white ALL survivors, in addition to measurement of other environmental factors 
such as bilingualism that may play a role in poor outcomes. 

83. OBJECTIVE VS. PERCEIVED NEUROCOGNITIVE DEFICITS IN LONG-TERM ALL SURVIVORS : IMPACTS ON QUALITY OF LIFE 
Aubrée Boulet-Craig, MSc1,3, Sarah Lippé, PhD1,3, Anouk Streff, PhD1, Maja Krajinovic, MD, PhD1,4, Caroline Laverdière, MD1,4, Daniel Sinnett, 
PhD1,4, Philippe Robaey, MD, PhD1,2,5,6, Serge Sultan, PhD1,3

1CHU Sainte-Justine, Montreal, Quebec, Canada; 2Children’s Hospital of Eastern Ontario, Ottawa, Ontario, Canada; 3Université de Montréal, 
Department of Psychology, Montreal, Quebec, Canada; 4Université de Montréal, Département of Pediatrics, Montreal, Quebec, Canada; 
5Université de Montréal, Département of Psychiatry, Montreal, Quebec, Canada; 6University of Ottawa, Department of Psychiatry, Ottawa, 
Ontario, Canada

Background: Acute lymphoblastic leukemia (ALL) is the most common leukemia type in children. Because of the major improvements in 
treatment protocols, more than 80% children now survive beyond five years post diagnosis. However, the treatments’ beneficial effects are 
unfortunately countered by long-term side effects that can develop in different spheres of life, like cognitive functioning and quality of life. 
Researchers have already made a link between neurocognitive deficits and quality of life in cancer survivors (Hocking et al., 2001; Kunin-
Batson, Kadan-Lottick & Neglia, 2014). 

Methods: This preliminary study aims at determining the impact of real cognitive deficits measured by neuropsychological tests and 
perceived cognitive deficits measured by a self-report questionnaire on quality of life. Participants are 87 ALL survivors aged between 18 and 
40 (mean age=25,34, SD=5,49). Neurocognitive measures were: DIVERGT evaluation battery (objective measure) and BRIEF questionnaire 
(subjective measure) which both assess executive functioning. Quality of life measures were the score and subscores of the PedsQL. 
Data were analyzed using bivariate mean comparison to examine proximities between perceived and real neurocognitive difficulties, and 
hierarchical regression analysis to assess the contribution of neurocognitive domains to QoL. 

Results: Extreme group comparisons are currently being conducted. Preliminary analyses suggest differences between real and perceived 
deficits in working memory (p=0.018, d=0.30). 

Conclusion: QoL appears primarily impacted by perceived difficulties, as compared to objective ones. This study will identify informational 
needs and potential targets for future supportive intervention. 
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84. POLYMORPHISMS AS PREDICTORS OF LONG-TERM COGNITIVE AND BEHAVIORAL DISABILITY Joan M.C. Blom, MD, PhD1, Laura 
Pomicino, PhD2, Camilla Migliozzi, PsyD1, Lisa Montanari, MD1, Giovanna Rigillo, PhD1, Giulio Zanazzo, MD2, Monica Cellini, MD1

1Department of Pediatric Oncology, University of Modena and Reggio Emilia, Modena, Italy; 2Pediatric Hematology and Oncology, Trieste IRCCS 
Burlo Garofolo, Trieste, Italy

Purpose: Test the hypothesis that polymorphisms associated with neurotransmitter and growth factor regulation may help to predict 
individual susceptibility to the development of long-term neurocognitive and behavioral problems. Pediatric cancer patients surviving either 
tumors or treatments that directly or indirectly involve the developing brain often proceed to develop long-term morbidity or disability. The 
nature of the disability is often cognitive or behavioral, which are both recognized to constitute a major burden of disease. The question 
then is what drives this long-term cognitive and behavioral disability? It is becoming increasingly clear that there may be a critical role for 
predisposing genetic factors in differentially mediating neurocognitive and emotional risk in survivors of cancer. 

Description of the study: 40 patients (1-18 yrs old) diagnosed with ALL belonging to two pediatric oncology centers were enrolled 
(protocol AIEOP-BFM-2009) and genotyped for 5HTT, BDNF (val66met) and COMT (val158met). All patients were subjected to a short 
neurocognitive and behavioral age appropriate screening battery while in treatment and during scheduled follow-up visits.

Results and Conclusion: Patients with the SL allele of 5HTTLPR had a significantly more compromised score in some areas of executive 
functioning than patients with the LL allele; cognitive areas most affected by the presence of the S allele were those involved in the 
modulation of emotional responses and flexibility to solve tasks and problems. In patients with the COMT val158met polymorphism, flexibility 
and working memory seem to be less affected. Much variation exists in how the brain is wired and how it functions but this variation does 
not exclude the existence of a predictable set of factors that may put pediatric cancer patients at a heightened risk for severe emotional or 
cognitive problems later on. Consequently, polymorphisms of genes regulating neurotransmitter activity and vulnerability to stress, may help 
predict susceptibility to these late effects.

85. SUPPORTING THE ACADEMIC NEEDS OF PEDIATRIC SURVIVORS: A MODEL OF CARE Lisa Northman, PhD, Marybeth Morris, MEd, 
Sarah Ross, PhD, Dongjing Guo MPH, Christine Chordas PNP, Cori Liptak, PhD, Brian Delaney, PhD, Wendy B. London, PhD, Nicole J. Ullrich, 
MD, PhD, Peter E. Manley, MD

Dana-Farber/ Boston Children’s Cancer and Blood Disorders Center, Boston, MA ,USA

Purpose: To evaluate the effectiveness of a model of psychoeducation, consultation, and advocacy provided by a School Liaison Program 
(SLP) for families and schools of children whose cancer-related diagnosis or treatment involved the central nervous system. Secondary goal 
was to assess parental understanding of academic supports and advocacy. 

Methods: After IRB approval, a mailed survey was completed by parents of school-aged children demonstrating academic difficulties. 
Surveys were sent to 125 families of pediatric brain tumor survivors who received consultation through SLP. The ordinal responses of 
intervention were assessed using a univariate logistic regression model evaluating SLP impact on parental understanding of obtaining 
services, ability to advocate, knowledge of school services, ease of accessing services and achievement of academic potential. 

Results: Ninety-three surveys were returned (75% response rate). Parents of children who had longer SLP service involvement (> 3 years) 
had a statistically significant better parental understanding and ability to advocate than parents of children who had less than 1 year of SLP 
services (p=0.02/0.04). When SLP participated in school meetings there was better parental understanding of a child’s needs and ability 
to advocate (p=0.04/0.04). When SLP participated more than once in school meetings, there was improvement in knowledge of academic 
supports and less difficulty in accessing these services (p=0.009/0.04). In addition, there was better parental understanding, better ability to 
advocate, less difficulty accessing service and greater belief in the child’s ability to meet their academic potential (p=0.04/0.03/0.04/0.004) 
when the SLP clinician came to a patient’s school. 

Conclusions: The consultation, psychoeducation, and parental advocacy training provided by the School Liaison Program has a positive 
impact on parent-reported knowledge of special education supports, satisfaction with their child’s school services, and increased belief that 
their child is meeting his/her academic potential. Further prospective studies to evaluate this program are being developed. 
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86. PATTERNS AND PREDICTORS OF PSYCHOLOGICAL DISTRESS IN ADULT SURVIVORS OF CHILDHOOD: A CHILDHOOD CANCER 
SURVIVOR STUDY (CCSS) Norma Mammone D’Agostino, PhD1, Kim Edelstein, PhD1, Nan Zhang, MMS2, Christopher J. Recklitis, PhD, MPH3, 
Tara Michelle Brinkman, PhD2, Deokumar Srivastava, PhD2, Wendy M. Leisenring, PhD4, Leslie L. Robison, PhD2, Gregory T. Armstrong, MD, 
MSCE2, Kevin R. Krull, PhD2

1Princess Margaret Cancer Center, Toronto, Ontario, Canada; 2St. Jude Children’s Research Hospital, Memphis, TN, USA; 3Dana Farber Cancer 
Institute, Boston, MA, USA; 4Seattle Children’s Hospital, Seattle, WA, USA

Purpose: Screening for psychological distress is an important part of comprehensive survivorship care. While elevated symptoms of 
depression and anxiety have been reported, patterns of emotional comorbidity have not been examined. The aims of this study are to identify 
clusters of distress symptoms and to examine disease, treatment and demographic predictors. 

Description of Project: Latent profile analysis was conducted using 3 domains (depression, anxiety, somatization) from the Brief Symptom 
Inventory – 18 in siblings (N=3085) and 5+ year survivors (N= 16032) from the CCSS. High distress was defined using t-score >63. 
Bayesian information criterion and Lo-Mendell-Rubin adjusted certainty were used to select the optimal cluster number. Multinomial logistic 
regression was used among survivors to identify disease, treatment and demographic predictors of cluster membership stratified by sex. 

Results: Four latent clusters were identified: low distress on all 3 domains (well-adjusted); high distress on all 3 domains (global distress); 
high somatization relative to anxiety and depression (somatic distress); high anxiety and depression relative to somatization (affective 
distress). Compared to siblings, fewer survivors were well-adjusted (62% v. 74%) and more had global distress (11% v. 5%), both 
p’s<0.0001. Diagnosis-specific patterns of distress were identified (leukemia and bone cancer: global distress, CNS: affective distress, 
Hodgkin lymphoma and neuroblastoma: somatic distress). More male (66%) than female (58%) survivors were well-adjusted, but more 
females reported somatic (17% vs 10%) and global (12% vs 9%) distress, all p’s<0.0001. Among females, fair/poor perceived health (OR 
30.9, 95% CL 19.4-49.1; compared to excellent health), headache (OR 2.69, 95% CL 2.24-3.24), and antimetabolite chemotherapy (OR 1.31, 
95% CL 1.10-1.55) were associated with global distress. Perceived health and pain were associated with global distress in males. 

Conclusion: Results support the conceptual distinction between physical (somatic) versus affective (anxiety and depression) symptoms of 
distress and highlight sex differences and health-related predictors of distress.

87. EMOTIONAL AND BEHAVIORAL PHENOTYPES OF ADOLESCENT SURVIVORS IN THE CHILDHOOD CANCER SURVIVOR STUDY 
(CCSS) COHORT Tara M. Brinkman, PhD1, Chenghong Li, MS1, Kathryn A. Vannatta, PhD2, Jordan Gilleland Marchak, PhD3, Jin-Shei Lai, 
PhD4, Cara Kimberg, PhD1, Pinki K. Prasad, MD, MPH5, Chongzhi Di, PhD6, Deo Kumar Srivastava, PhD1, Leslie L. Robison, PhD1, Gregory T. 
Armstrong, MD, MSCE1, Kevin R. Krull, PhD1

1St. Jude Children’s Research Hospital, Memphis, TN, USA; 2The Research Institute at Nationwide Children’s Hospital, Columbus, OH, USA; 
3Emory University School of Medicine, Atlanta, GA, USA; 4Northwestern University Feinberg School of Medicine, Chicago, IL, USA; 5Louisiana 
State University, School of Medicine, New Orleans, LA, USA; 6Fred Hutchinson Cancer Research Center, Seattle, WA, USA

Purpose: Survivors of childhood cancer are at-risk for developing social, emotional and behavioral disorders during adolescence. However, 
little is known about comorbidity of symptoms of these disorders.

Methods: Participants included 4,715 adolescent survivors (between the ages of 12-17) diagnosed with childhood cancer between 1970-
1999 (mean[SD] age at baseline=14.9[1.6] years, time since diagnosis=12.4[2.1] years) whose parents completed the Behavior Problem 
Index as part of the CCSS. Age- and sex-adjusted z-scores were calculated using data from the CCSS sibling cohort. Clinically elevated 
symptoms were defined as scores >1 SD above the mean for anxiety/depression, antisocial, hyperactive, headstrong, and social withdrawal 
scales. Latent profile analysis identified groups of survivors based on symptom patterns. Odds ratios (OR) and 95% confidence intervals 
(CI) were calculated using multivariable logistic regression adjusted for age, sex, race, and household income to identify predictors of group 
membership.

Results: Four groups were identified: 1) average symptoms across all domains (“well-adjusted”; 67.0%); 2) elevated hyperactive and 
headstrong symptoms with average anxiety/depression, antisocial and social withdrawal (“externalizing”; 17.1%); 3) elevated anxiety/
depression and social withdrawal with average antisocial, hyperactive and headstrong symptoms (“internalizing”; 10.5%); and 4) elevated 
symptoms across all domains (“global behavior problems”; 5.4%). Compared to the well-adjusted group, membership in the internalizing 
and global behavior problem groups was predicted by treatment with cranial irradiation (OR=2.9, 95% CI=2.3-3.7; OR=1.5, 95% CI=1.1-
2.2, respectively). In separate late effect models, internalizing group membership was predicted by obesity (OR=1.9, 95% CI=1.5-2.5), 
growth hormone deficiency (OR=1.5, 95% CI=1.3-2.1), scarring/disfigurement to the head or face (OR=1.5, 95% CI=1.2-2.0), and sensory 
impairment (OR=2.3, 95% CI=1.7-3.1). Externalizing class membership was predicted by symptoms of pain.

Conclusions: Subgroups of adolescent survivors experience comorbid externalizing and internalizing symptoms. Medical late effects 
were strongly associated with internalizing symptoms. Understanding symptom patterns and their predictors may inform screening and 
intervention efforts.
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88. BODY IMAGE DISTURBANCE AND PSYCHOLOGICAL DISTRESS AMONG ADULT SURVIVORS OF CHILDHOOD CANCER 
Stefanie C. Vuotto, PhD, Chenghong Li, MS, Rohit P. Ojha, DrPH, Cara Kimberg, PhD, James L. Klosky, PhD, Deo Kumar Srivastava, PhD,  
Leslie L. Robison, PhD, Melissa M. Hudson, MD, Kevin R. Krull, PhD, Tara M. Brinkman, PhD 

St. Jude Children’s Research Hospital, Memphis, TN, USA

Purpose: Childhood cancer survivors frequently report negative body image. Although this negative self-appraisal has been associated 
with depression in the general population, the association between body image and psychological distress has not been examined in adult 
survivors of childhood cancer.

Methods: Participants included 1,714 adult survivors of childhood cancer (mean[SD] age at evaluation = 32.4[8.0] years, time since 
diagnosis = 24.1[8.1] years) enrolled in the St. Jude Lifetime Cohort Study. Survivors completed measures of body image (Body Image 
Scale [BIS]) and acute psychological distress (Brief Symptom Inventory-18 [BSI-18]). We categorized body image into two groups (cancer-
related and general) based on factor analysis of the BIS. Scores in the highest quartile of each body image category represented body 
image disturbance. For psychological distress, elevated symptoms were defined as age-adjusted T-scores ≥63 for subscales of anxiety and 
depression. We estimated odds ratios (ORs) and corresponding 95% confidence intervals (CI) for associations between body image and 
psychological distress using logistic regression with adjustment for current age, sex, race, education level, marital status, cancer-related 
pain, and the presence of scarring/disfigurement.

Results: Twenty-six percent of survivors with any body image disturbance reported elevated depressive symptoms compared to 7% without 
body image disturbance (p<0.001). After covariate adjustment, survivors with cancer-related body image disturbance had 3-fold higher odds 
of reporting elevated depressive symptoms (OR=3.4; CI: 2.5-4.8) and anxiety (OR=2.9; CI: 2.0-4.1) compared with survivors without cancer-
related body image disturbance. Survivors with general body image disturbance also had higher odds of reporting elevated depressive 
symptoms (OR=5.9; CI: 4.1-8.4) and anxiety (OR=3.4; CI: 2.4-5.0) compared with survivors without general body image disturbance.

Conclusions: Our results suggest that negative appraisals of body image are associated with depression and anxiety among adult survivors 
of childhood cancer. Early recognition and intervention for body image disturbance may reduce risk for distress and improve emotional 
quality of life.

89. FAMILY ENVIRONMENT, PARENT PROTECTION, AND QUALITY OF LIFE IN SURVIVORS OF CHILDHOOD ACUTE LYMPHOBLASTIC 
LEUKEMIA (ALL) I-Chan Huang, PhD1, Tara Brinkman, PhD1, Cara Kimberg, PhD1, Ching-Hon Pui, MD2, Melissa M. Hudson, MD1,2, Kevin R. 
Krull, PhD1 
1Department of Epidemiology and Cancer Control, 2Department of Oncology, St. Jude Children’s Research Hospital, Memphis, TN, USA 

Background: Parent distress has a negative effect on quality of life (QOL) in childhood cancer survivors, though the effects of family 
environment and parenting behavior are less understood. This study examined the associations between family conflict, cohesion, parent 
protective behavior, parent distress, and QOL of ALL survivors. 

Methods: Long-term survivors of ALL (N = 213; 51.2% male; mean age = 14.8 years; time since diagnosis = 7.7 years) were recruited 
from St. Jude Children’s Research Hospital. Parent distress, protective behavior, and family conflict and cohesion were measured using the 
Brief Symptom Inventory-18, Parent Protection Scale, and Family Environment Scale, respectively. Survivors’ physical, emotional, social, and 
school QOL was reported by parents using the Pediatric Quality of Life Inventory. Associations between parent distress, protective behavior 
and family environment with child QOL were examined with the correlation analyses. Path analyses were used to identify the direct effect 
of family environment on child QOL, and the indirect effect through the parent distress and protective behavior after adjusting covariates 
including child’s age, gender, and parental education background. 

Results: Correlation analyses indicate that greater parent distress was associated with poorer emotional and school QOL (p<0.01); parent 
overprotection was associated with poorer emotional QOL (p<0.01); more family conflict and less cohesion was associated with poorer 
physical, emotional, and social QOL, respectively (p<0.01); less cohesion was also associated with poorer school QOL (p<0.01). Path 
analyses suggest that family conflict and cohesion were related to all domains of QOL. However, more conflict was associated with poorer 
emotional and social QOL specifically through the pathway of parent distress and overprotection (p<0.01); less cohesion was associated with 
poorer emotional, social, and school functioning through the influence of parent distress and overprotection (p<0.01).

Conclusions: Greater family conflict and less cohesion are related to parent distress and overprotection, which leads to poorer QOL of long-
term ALL survivors. Interventions targeted at the family environment may improve survivors’ QOL. 
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90. THE PETALE PROJECT: CHARACTERIZING LATE-OCCURRING CHRONIC SEQUELAE IN THE QUEBEC CHILDHOOD ACUTE 
LYMPHOBLASTIC LEUKEMIA SURVIVOR POPULATION Laurence Bertout, MSc, Simon Drouin, PhD, Nathalie Alos, MD, Gregor U. Andelfinger, 
MD, PhD, Daniel Curnier, PhD, Emile Levy, MD, PhD, Sarah Lippé, PhD, Valérie Marcil, PhD, Robaey, Philippe, MD, PhD, Serge Sultan, PhD, 
Maja Krajinovic, MD, PhD, Caroline Laverdière, MD, Daniel Sinnett, PhD

Sainte-Justine UHC Research Center, Montreal, Quebec, Canada

Purpose: The PETALE project aims to characterize late-occurring chronic side-effects in childhood ALL (cALL) survivors recruited from the 
well-characterized QcALL cohort, founded in 1989. As part of this cohort’s biobanking initiative we have detailed clinical information and 
well-annotated biospecimens from cALL patients diagnosed and treated under DFCI protocols at the Sainte-Justine UHC, Montreal, Canada.

Our research team is composed of five intertwined groups aiming to define genetic and biological biomarkers predicting the development 
of long-term sequelae. Specifically, we are interested in cardiac toxicity, metabolic syndrome, bone morbidities, neurocognitive effects, and 
quality-of-life.

Results: Our subjects originate from a pool of 350 French-Canadian cALL patients aged <19 at diagnosis that have been in remission 
for at least 5 years after diagnosis and did not undergo hematopoietic stem cell transplantation. Each participant has a full day of clinical 
investigations to determine their clinical, physical, and psychosocial profile (“Phase I”). Medically-actionable complications discovered during 
this process are immediately communicated to the subject and referred to the appropriate health care providers. Subjects with extreme 
phenotypes are invited back for further complementary investigations (“Phase II”). Participants’ exome are sequenced to identify genetic 
biomarkers associated with the above-mentioned clinical phenotypes.

Since the start of the project 148 cALL survivors (70 male, 78 female; 88% recall) have undergone Phase I clinical testing and exome 
sequencing. From these, 41/47 participants with extreme phenotypes accepted to come back for Phase II (88% recall). Based on these 
exceptional recall rates, we realistically expect to have recruited at least 200 patients by the end of 2016, ~100 of which will be targeted for 
Phase II.

Conclusions: Identified early biomarkers will help tailor clinical protocol and post-remission follow-up to minimize late-occurring chronic 
sequelae and increase quality-of-life in pediatric ALL survivors.

91. HEALTH-RELATED QUALITY OF LIFE AT THE END OF TREATMENT FOR CHILDHOOD CANCER AND HEMATOPOIETIC CELL 
TRANSPLANT (HCT) SURVIVORS Kristin Bingen, PhD1, Lynnette Anderson, MSN, APNP1, Debra Schmidt, MSN, APNP2, Eva Igler, MA1, Louise 
Leuthner, RN, BSN2, Jeffrey Karst, PhD1, Nicole Englebert, PhD1, Diane Puccetti, MD3, Mary Jo Kupst, PhD1, Jennifer Hoag, PhD1

1Medical College of Wisconsin, Department of Pediatrics, Milwaukee, WI, USA; 2Children’s Hospital of Wisconsin, Milwaukee, WI, USA; 
3University of Wisconsin, Department of Pediatrics, Madison, WI, USA

Purpose of Study: End of treatment is an exciting but stressful time for childhood cancer/HCT survivors and families, marked by feelings 
of uncertainty and anxiety. A gap in knowledge exists about the psychosocial well-being at the end of treatment compared to long-term 
survivorship. Study objectives were to: 1) determine health-related quality of life (HRQL) of childhood cancer/HCT survivors at the end of 
treatment and 2) identify demographic, psychosocial and medical factors associated with HRQL. 

Methods: Forty-nine survivors and 47 caregivers, who were within 1-2 months from the end of oncologic treatment or at time of immune 
reconstitution post-HCT. HRQL was assessed by survivor (5-17 years) and parent-proxy completion of the PedsQLTM and the FACT for young 
adults (>18 years). Demographic and medical data was abstracted from medical records. Treatment intensity was rated using the Intensity of 
Treatment Rating Scale (ITR-2).

Results: Survivors’ mean age was 10.86 years (SD=5.77, range 1-26 years) and caregivers’ mean age was 39.98 years (SD=7.65, range 27-55 
years). Most survivors were Caucasian (77.6%), 51% were female, over half had leukemia/lymphoma (63.2%), and 26.5% had a HCT. About 30% had 
no acute effects, half had 1-2, and 18% had 3-4, most commonly gastrointestinal effects and pain (23.5% each), followed by infections, dermatologic 
effects and anxiety/depression (14.7% each). Correlational analyses indicated an inverse relationship between frequency of acute effects and self-
reported HRQL. Increased severity of acute effects was associated with lower self-reported school and psychosocial HRQL. Parent- and self-reported 
HRQL were significantly lower for survivors who had higher versus moderate intensity treatment, with the exception of HCT survivors who self-
reported HRQL comparable to the moderate intensity group. Parent-reported school HRQL was lower for survivors who received radiation.

Conclusions: Frequency and severity of acute effects and intensity of therapy impact survivors’ HRQL at end of treatment. 
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92. OVERALL AND CAUSE-SPECIFIC LATE MORTALITY IN CHILDHOOD CANCER SURVIVORS: A DCOG LATER COHORT STUDY  
Ellen Kilsdonk, MSc1, Martine Raphael, MD10, Flora E van Leeuwen, PhD3, Eline van Dulmen-den Broeder, PhD4, Marry M van den Heuvel-
Eibrink, MD, PhD5, Jacqueline J Loonen, MD, PhD6, Helena J van der Pal, MD, PhD1, Dorine Bresters, MD, PhD7, Huib N Caron, MD, PhD2, Wil 
Dolsma, MD, PhD8, Martha A Grootenhuis, PhD2, Jaap den Hartogh, MA9, Nynke Hollema, MSc10, Monique Jaspers, PhD1, Sebastian Neggers, 
MD, PhD11, Aleida Postma, MD, PhD10, Alida FW van der Steeg MD, PhD2,4, Birgitta Versluys, MD12, Wim JE Tissing, MD, PhD8, Leontien CM 
Kremer MD, PhD2*, Cécile M Ronckers, PhD2*, on behalf of the DCOG LATER study group
1Academic Medical Center, Amsterdam, The Netherlands; 2Emma Children’s Hospital/Academic Medical Center, Amsterdam, The Netherlands; 
3Netherlands Cancer Institute, Amsterdam, The Netherlands; 4VU University Medical Center, Amsterdam, The Netherlands; 5Erasmus Medical 
Center/Sophia Children’s Hospital, Rotterdam, The Netherlands; 6Radboud University Medical Center, Nijmegen, The Netherlands; 7Willem 
Alexander Children’s Hospital/Leiden University Medical Center, Leiden, The Netherlands; 8University of Groningen/University Medical Center 
Groningen, Groningen, The Netherlands; 9Dutch Childhood Cancer Parent Organisation (VOKK), Nieuwegein, The Netherlands; 10Stichting 
KinderOncologie Nederland (SKION) / Dutch Childhood Oncology Group (DCOG), The Hague, The Netherlands; 11Erasmus Medical Center, 
Rotterdam, The Netherlands; 12University Medical Center Utrecht, Utrecht, The Netherlands; *these authors contributed equally

Purpose: Childhood cancer survivors face excess mortality decades after initial treatment. We aim to characterize cause-specific late 
mortality among a cohort of Dutch survivors.

Summarized description of project: The DCOG LATER cohort includes 6,168 five-year childhood cancer survivors treated between 
1/1/1963 and 12/31/2001 in one of the seven Dutch pediatric oncology/hematology centers before age 18. Vital status until 31th December 
2013 was ascertained through hospital records and record linkage with municipal and other registries. Causes of death (92% complete) were 
obtained from medical records and uniformly coded according to the International Classification of Diseases, 10th edition.

Preliminary results: The median follow-up of our cohort was 16.8 years from 5-year survival. In total, 621 out of 6168 survivors (10%) 
had died. Overall mortality was almost 13-fold increased compared to expected mortality rates for the Dutch population, with an absolute 
excess risk of about 5 deaths per 1000 person years. All-cause cumulative mortality was highest for survivors receiving radiotherapy and 
for survivors of Central Nervous System (CNS) and bone tumors. Preliminary analyses show cumulative mortality for specific causes of 
death distributed as follows: recurrence or progression of primary childhood cancer (5.6% 20 years post diagnosis and 6.6% 40 years post 
diagnosis), secondary neoplasm (5.3% 40 years post diagnosis), cardiovascular (1.2% 40 years post diagnosis), respiratory (0.8% 40 years 
post diagnosis), and other causes (2.1% 40 years post diagnosis).

Conclusions: In this large cohort study, 10% of survivors died after reaching 5-year survival. Survivors treated with radiotherapy, and 
survivors of CNS and bone tumors had the highest cumulative mortality. During the first 20 years post diagnosis, primary childhood cancer 
dominated as cause of death. After this period, other causes of death became increasingly important. We are currently evaluating cause-
specific mortality and risk factors in multivariate models. 

93. LATE MORTALITY AND CAUSES OF DEATH AMONG 13,920 LONG TERM SURVIVORS OF CHILDHOOD CANCER REGISTERED IN THE 
ITALIAN OFF THERAPY REGISTRY (OTR) F. Bagnasco, PhD1, M. Jankovic, MD2, M.G. Valsecchi, PhD2, M. Terenziani, MD3, S. Caruso, MBS1,  
V. Morsellino, MD1, S. Pessano, MD1, M. Spinelli, MD2, D. Fraschini, MD2, L. Miligi, PhD4, C. Casella, PhD5, E. Rossi, PhD2, C. Sacerdote, MD6,  
A. Andreano, PhD2, R. Haupt, MD1, on behalf of the AIEOP OTR study group
1Istituto Gaslini, Genova, Italy; 2University of Milano-Bicocca, Monza, Italy; 3Istituto Nazionale dei Tumori, Milan; Italy; 4ISPO Cancer Prevention 
and Research Institute, Florence, Italy; 5Liguria Cancer Registry, Genova, Italy; 6Piedmont Cancer Registry, Turin, Italy 

Purpose: To analyze long term survival and causes of death among 5-year survivors of childhood cancer treated at centers of the Italian 
Association of Pediatric Hematology/Oncology (AIEOP).

Summarized description of the project: The AIEOP Off-Therapy Registry (OTR) started in 1980 prospectively enrolling children with 
cancer (age 0-21 years) at treatment completion. Prevalent cases were also included with the first case diagnosed in 1960. During 2012-14 
vital status was ascertained through census offices, and causes of death retrieved from death certificates. Survival analysis allowed for left 
truncation to limit possible bias due to prevalent cases at the start of OTR. Causes of death other than the one under study were treated as 
competing risks.

Results and conclusions: A total of 13,920 5-year survivors were evaluated (M:F ratio 1.24). The median age at diagnosis was 5.2 years 
(IQR 2.7-9.7). Tumour type distribution was comparable with other series except for a lower frequency of CNS tumours (n=1215; 8.7%). Era 
of diagnosis was <1980 for 14.0% of the population, 1980-89 for 27.0%, 1990-99 for 46.7%, and 2000-09 for 12.3%.

Length of follow-up ranged between 5.0 and 52.9 years, median 19.6 years. At follow-up, 1,162 (8.4%) subjects were dead with a 
cumulative probability of survival (95%CL) at 20, 30 and 40 years of 92.3% (91.8-92.8); 89.3% (88.6-90.0); 84.6% (83.0-86.1), respectively. 
Significant reduction in the cumulative risk of death was observed by treatment era, and female gender.

Cause specific mortality at 35 years was 5.7% for primary cancer (n=672); 3.4% for secondary malignancy (n=223), 2.5% for other causes 
(n=132) and 0.6% for external causes (n=44). It was unknown in 91 subjects. 
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We confirm a reduction in late mortality for survivors treated in recent eras. After 30 - 35 years since diagnosis mortality is more likely to be 
due to other causes of death other than recurrence. 

94. CHILDHOOD CANCER CONDITIONAL SURVIVAL IN UTAH Sapna Kaul, PhD, Anne C. Kirchhoff, PhD, MPH, Kenneth M. Boucher, PhD, 
Andrew C. Dietz, MD, MS

University of Utah, Primary Children’s Hospital, and Huntsman Cancer Institute, Salt Lake City, UT, USA

Purpose: Five-year survival for childhood cancer is approximately 80%. However, patients are still at risk for premature mortality. Detailed 
information on long-term survival, using the conditional survival approach, can help provide more personalized prognostic information. 

Methods: The Utah Cancer Registry was used to identify patients <21 years of age at diagnosis in 1973-2009. Cancer diagnosis, 
demographics, mortality, and follow-up were retrieved from the Utah Population Database. We estimated conditional survival (probability of 
surviving an additional y years after already surviving x years) for 5 additional years starting 1, 3, and 5 years after diagnosis. Conditional 
survival estimates, with 95% confidence intervals (CI), were calculated as survival at (x+y) years divided by survival at x years after 
diagnosis. Also evaluated were mortality risk factors including cancer type, sex, and year of diagnosis.

Results: There were 3391 patients included (46.9% female, average 10.2 ±6.9 years at diagnosis). One year after diagnosis, the subsequent 
5-year conditional survival was lowest for acute myeloid leukemia (AML) patients (59%, CI 47-72%) and highest for renal tumor patients 
(95%, CI 92-99%). Patients who survived 5 years post diagnosis had significantly higher (mostly over 90%) subsequent 5-year conditional 
survival probability (e.g., AML: 95%, CI 88-100% and renal: 98%, CI 96-100%). Females in general had higher conditional survival at 1 year 
after diagnosis compared to males (e.g., AML: 69% vs 50%, p<0.01). Diagnosis year had considerable impact on conditional estimates at 1 
year after diagnosis (e.g., AML: 23% if diagnosed 1973-1994 vs 56% if diagnosed 1995-2009, p<0.001). 

Conclusion: Childhood cancer patients who had survived 2-5 years from diagnosis had over 90% 5-year survival. Certain cancers, being 
male, and earlier year of diagnosis were associated with lower conditional survival. Standard survival leads to underestimation of these 
probabilities. Conditional survival can assist providers and patients understand a more personalized prognosis.

95. SECOND MALIGNANT NEOPLASMS AFTER CANCER IN CHILDHOOD: A POPULATION-BASED REGISTRY STUDY Laura Madanat-
Harjuoja, MD, PhD1,2, Nea Malila, MD, PhD1, Matti Rantanen1, Janne Pitkäniemi1, Kim Vettenranta, MD, PhD2 
1Finnish Cancer Registry, Helsinki, Finland; 2Department of Pediatrics, Helsinki University Hospital and University of Helsinki, Helsinki, Finland

Purpose: Our aim was to evaluate the relative risk of second malignant neoplasms (SMNs) among survivors of childhood cancer (diagnosed 
under age 15).

Methods: Childhood cancer patients and their second malignant neoplasms diagnosed between 1953 and 2007 were identified from 
the Finnish Cancer Registry. Risk of second malignancy was evaluated using standardized incidence ratios (SIRs). The effect of temporal 
characteristics including diagnostic era and follow-up and disease related characteristics were assessed.

Results: We observed 259 subsequent malignancies among 5115 survivors with 2,015,368 person years of follow up. The relative risk of 
developing a second malignancy was nearly five times higher than expected (SIR 4.77, 95% CI, 4.24-5.35). SIRs were slightly higher among 
females (SIR 4.8, 95%CI, 4.08-5.60). The risk of SMNs continued to rise in patients treated in the most modern eras with SIRs of 11.61 (95% 
CI 7.32-17.3). SIRs were highest for patients at 10-15 years after cancer (SIR 8.82, 95% CI, 6.17-12.12) and remained nearly 4-fold at 15 
years or later (SIR 3.83, 95% CI, 3.41-4.42) from diagnosis. 

Conclusion: Childhood cancer survivors are at elevated risk of SMNs. This elevated risk applies also to those diagnosed in the more recent 
eras and continues to be elevated as late as 15 years from diagnosis. 
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96. LONG-TERM RISK OF SECOND MALIGNANT NEOPLASMS AMONG CHILDHOOD CANCER SURVIVORS: A DCOG LATER COHORT 
STUDY Jop C Teepen, MSc1, Flora E van Leeuwen, PhD2, Leontien CM Kremer MD, PhD1, Eline van Dulmen-den Broeder, PhD3, Marry M van 
den Heuvel-Eibrink, MD, PhD4, Jacqueline J Loonen, MD, PhD5, Helena J van der Pal, MD, PhD6, Dorine Bresters, MD, PhD7, Huib N Caron, MD, 
PhD1, Wil Dolsma, MD, PhD8, Martha A Grootenhuis, PhD1, Jaap den Hartogh, MA9, Nynke Hollema, MSc10, Monique Jaspers, PhD6, Sebastian 
Neggers, MD, PhD4, Liedeke Postma, MD, PhD10, Alida FW van der Steeg MD, PhD1,3, Birgitta Versluys, MD11, Marc J van de Vijver, MD, PhD6, 
Otto Visser, MD, PhD12, Wim JE Tissing, MD, PhD8, Cécile M Ronckers, PhD1, on behalf of the DCOG LATER study group
1Emma Children’s Hospital/Academic Medical Center, Amsterdam, The Netherlands; 2Netherlands Cancer Institute, Amsterdam, The 
Netherlands; 3VU University Medical Center, Amsterdam, The Netherlands; 4Erasmus Medical Center/Sophia Children’s Hospital, Rotterdam, 
The Netherlands; 5Radboud University Medical Center, Nijmegen, The Netherlands; 6Academic Medical Center, Amsterdam, The Netherlands; 
7Willem Alexander Children’s Hospital/Leiden University Medical Center, Leiden, the Netherlands; 8University of Groningen/University Medical 
Center Groningen, Groningen, The Netherlands; 9Dutch Childhood Cancer Parent Organisation (VOKK), Nieuwegein, The Netherlands, 
10Stichting KinderOncologie Nederland (SKION) / Dutch Childhood Oncology Group (DCOG), The Hague, The Netherlands, 11University Medical 
Center Utrecht, Utrecht, The Netherlands; 12Comprehensive Cancer Centre the Netherlands, Utrecht, The Netherlands

Purpose: To analyze the long-term risk of second malignant neoplasms (SMNs) in a large cohort of 5-year survivors of childhood cancer and 
quantify the contribution of associated treatment-related risk factors. 

Summarized description of project: The DCOG LATER cohort includes 6,168 five-year childhood cancer survivors treated between 
1/1/1963 and 12/31/2001 in one of the seven Dutch pediatric oncology/hematology centers before age 18. Detailed information on 
prior cancer diagnosis and treatment were collected, including information on radiotherapy dose, field, and fractionation schedule and 
chemotherapy dose per drug. SMNs were identified by linkage with the population-based Netherlands Cancer Registry (1989-2012), and by 
clinical information from the pediatric oncology medical charts and from the late effects outpatient clinic; additional linkage with the Dutch 
Pathology Registry (1971-1988) is ongoing. The incidence of SMNs (excluding basal cell carcinoma) was compared with age-, sex-, and 
calendar year-specific expected incidence numbers from the Dutch general population by calculating standardized incidence ratios (SIRs) 
and absolute excess risks (AERs) per 10,000 person-years. We are currently evaluating cumulative incidence of SMNs and the effects of 
potential risk factors for SMNs in multivariable risk models.

Preliminary results: The median follow-up from diagnosis of our cohort was 20.7 years (20% >30 y). So far, we observed 245 SMNs 
during 103,969 person-years of follow-up vs. 51.9 expected (SIR=4.7; AER=18.6/10,000 person-years). The most frequently occurring 
SMNs are breast cancer (n=40; SIR=4.7), thyroid cancer (n=24; SIR=15.9), and central nervous system tumors (n=22; SIR=8.5). Results of 
analyses of cumulative incidence and multivariable risk models will also be presented during the meeting.

97. SECOND MALIGNANT NEOPLASMS IN CHILDHOOD CANCER SURVIVORS FOLLOWED OVER 40 YEARS IN A SINGLE CENTRE 
Catherine Corriveau-Bourque, MD1, Natalie Logie, MD2, Maureen Disciglio, BScN1, Susan Chafe, MD2, Maria Spavor, MD1

1University of Alberta, Stollery Children’s Hospital, Edmonton, Alberta, Canada; 2University of Alberta, Cross Cancer Institute, Edmonton, 
Alberta, Canada

Background: One in 250 adults has survived childhood cancer. Prior studies based on cancer registries have shown that nearly 10% of 
childhood cancer survivors will develop a secondary malignant neoplasm (SMN) within 30 years of their primary diagnosis. The Childhood 
Cancer Survivor Clinic (established 1971), at the Stollery Children’s Hospital, Edmonton, Canada, follows patients 2 years post therapy into 
and through adulthood. It is in the unique position of having over 40 years of follow-up data from survivors treated at one centre.

The medical records of 797 patients who have been or are currently followed in the Survivor Clinic from its inception to July 2013 were 
retrospectively reviewed. 

Purpose: The aim was to determine the incidence and risk factors for SMNs in this population.

Results: Of 723 patients included, 31 had at least one SMN.13 patients were diagnosed with 1 or more basal cell carcinomas, 3 leukemias, 
3 lymphomas, 2 thyroid cancers, 2 breast cancers, 3 rectal adenocarcinomas, 4 sarcomas, and 5 other. Ninety percent of these patients 
received radiation therapy. 100% of the basal cell carcinomas and 50% of the non-cutaneous SMNs occurred within radiation fields. Ninety 
percent of patients with SMNs received an alkylating agent, anthracycline and/or epipodophyllotoxin. At study completion, 4 patients were 
deceased and one was receiving palliative care due to their SMN. The overall rate of SMNs in this population was 4.2%; when stratified 
by decade of first malignancy diagnosis, the rates of SMNs were 26.3%, 6.5%, 4.6%, and 0.6% for 1970s, 1980s, 1990s, and 2000s, 
respectively. 

Conclusion: SMNs are a significant cause of morbidity and mortality in childhood cancer survivors. Treatment with radiation, alkylating 
agents, anthracyclines, and epipodophyllotoxins, especially in combination, remain major risk factors for the development of SMNs. Life-long, 
regular screening for SMNs is imperative in the follow-up care of childhood cancer survivors.
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98. SUBSEQUENT MALIGNANT NEOPLASM, CHRONIC MEDICAL CONDITIONS AND LATE MORTALITY IN SURVIVORS OF PEDIATRIC 
SOFT TISSUE SARCOMA: A REPORT FROM THE CHILDHOOD CANCER SURVIVOR STUDY (CCSS) Emily L. Mueller, MD, MSc1, Raymond 
Hutchinson, MD, MS2, Pamela Goodman, MS3, Wendy L. Leisenring, ScD3, Charles A. Sklar, MD4, Melissa M. Hudson, MD5, Kirsten K. Ness, PT, 
PhD5, Gregory T. Armstrong, MD, MSCE5, Leslie L. Robison, PhD5, Marilyn Stovall, PhD6, Kevin C. Oeffinger, MD4, Paul C. Nathan, MD, MSc7

1Indiana University, Indianapolis, IN, USA; 2University of Michigan, Ann Arbor, MI, USA; 3Fred Hutchinson Cancer Research Center, Seattle, WA, 
USA; 4Memorial Sloan-Kettering Cancer Center, New York, NY, USA; 5St. Jude Children’s Research Hospital, Memphis, TN, USA; 6University of 
Texas M.D. Anderson Cancer Center, Houston, TX, USA; 7The Hospital for Sick Children, Toronto, Ontario, Canada

Background: Approximately 67% of children with soft tissue sarcoma (STS) survive 5+ years. Late mortality, subsequent malignant 
neoplasms (SMN), and frequency or severity of chronic medical conditions (CMC) have not been extensively assessed.

Methods: The CCSS, a multi-institutional retrospective cohort study of 5+ year survivors of childhood cancer, assessed outcomes for 
1246 STS survivors and 4023 siblings with up to 5 questionnaires over 14 years. Self-reported CMCs were graded using CTCAE v4.03. 
Cox proportional hazards models provided hazard ratios (HR) and associated 95% confidence intervals (CI) for CMC. SMNs ≥5 years from 
primary cancer diagnosis were confirmed by pathology report, medical record, or death certificate. Standardized incidence ratios (SIR) and 
standardized mortality ratios (SMR) were generated using SEER and US mortality rates, respectively.

Results: Median age at diagnosis was 8 years (range 0-20); median follow-up was 20 years (1.5-33.9). 243 survivors died, with SMR 5.3 
(95% CI 4.7-6.0) and cumulative incidence 17.1% at 35 years from diagnosis. Compared with siblings, 42% of survivors reported ≥1 severe, 
disabling or life-threatening (grade 3-4) CMC (HR 3.5; 95% CI 2.9-4.2). Hearing, vision and/or speech were the most prevalent severe chronic 
morbidities at 35 years post diagnosis (cumulative incidence at 35 years 17.0%, CI 14.7-19.3%), with survivors 2.6 times more likely to have 
experienced this CMC as compared to siblings (CI 1.8-3.8). Survivors who received radiation to the brain, head or neck (HR=3.3, CI 1.8-6.4), 
pelvis (HR=4.2, CI 2.2-7.8), or extremities (HR=4.2, CI 2.2-8.1) were at particular risk for multiple (≥2) severe to life-threatening CMCs. The 
SIR of SMN was 5.6 (CI 4.6-7.0). The most frequent SMN was new (non-recurrent) soft tissue sarcoma (n=22, SIR 22.6, CI 14.9-34.3), but 
risk was highest for the development of a secondary osteosarcoma (n=12, SIR = 55.0, CI. 31.3-96.9). 

Conclusion: Survivors of pediatric STS, especially those exposed to radiation, experience significant long-term sequelae. This observation 
should guide long-term surveillance and inform the evolution of new therapies.

99. SECONDARY MENINGIOMAS IN SURVIVORS OF NON-CENTRAL NERVOUS SYSTEM CHILDHOOD CANCER Catherine Corriveau-
Bourque, MD1, Frank van Landeghem, MD1, Natalie Logie, MD2, Maureen Disciglio, BScN1, Susan Chafe, MD2, Maria Spavor, MD1

1University of Alberta, Stollery Children’s Hospital, Edmonton, Alberta, Canada; 2University of Alberta, Cross Cancer Institute, Edmonton, 
Alberta, Canada

Background: The aim was to establish the incidence, morbidity and risk factors for secondary meningiomas in a population of non-central 
nervous system (CNS) childhood cancer survivors followed over 40 years at one centre.

Methods: A retrospective review was completed of 797 medical records of patients followed in the Childhood Cancer Survivor Program 
(established 1971) at the Stollery Children’s Hospital, Edmonton, Canada, from its inception until July 2013. 

Results: 97 patients received cranial irradiation for non-CNS neoplasms.16/97 (16%) developed symptomatic meningiomas 4 to 35 
years (median 24 years) after completion of therapy. Fourteen were survivors of acute lymphoblastic leukemia (ALL), 1 of lymphoblastic 
lymphoma (LBL) and 1 of neuroblastoma, and had started therapy at a median age of 3.5 years (0.3-14 years). Seventy patients received 
cranial irradiation for ALL or LBL. All 15 patients who developed meningiomas in this population had received > 2000 cGy. Meningiomas 
were not diagnosed in survivors who received <1800 cGy. Fourteen (88%) of patients diagnosed with meningiomas required surgical 
resection(s). Pathology specimens were reviewed and identified 6 patients with meningioma WHO grade I, 6 atypical meningiomas, 1 choroid 
meningioma, 1 anaplastic meningioma, and the meningiomas infiltrated adjacent tissues in 7 patients. Post-surgical recurrences occurred in 
43%. The patients’ morbidities were considerable, including: 5 patients (31%) with seizures, 2 patients with severe neurocognitive/neurologic 
sequelae, and 1 patient with a shunt. At study completion, 13% of patients had meningiomas which were progressing.

Conclusion: Secondary meningiomas are a frequent complication of cranial irradiation > 2000cGy in survivors of non-CNS childhood 
malignancies, especially if treated at a young age. They cause high morbidity and a significant decrease in quality of life. Life-long screening 
for secondary meningiomas in survivors who received cranial irradiation is essential.
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100. SURVIVAL OF PATIENTS WHO DEVELOP SOLID TUMORS FOLLOWING HEMATOPOIETIC STEM CELL TRANSPLANTATION 
Matthew J. Ehrhardt, MD, MS1, Ruta Brazauskas, PhD2,3, Wensheng He, PhD, MS3, J. Douglas Rizzo, MD, MS3, Bronwen E. Shaw, MD, PhD3

1St. Jude Children’s Research Hospital, Memphis, TN, USA; 2Medical College of Wisconsin, Milwaukee, WI, USA; 3Center for International Blood 
and Marrow Transplant Research, Milwaukee, WI, USA

Background: Allogeneic hematopoietic cell transplantation is associated with late adverse effects of therapy, including secondary solid 
cancers. Most reports address risk factors; however outcomes after secondary solid cancer development are incompletely described. Our 
objective was to estimate survival probabilities for transplant recipients dependent on secondary solid cancer subtype. 

Methods: We used a previously identified and published cohort who developed secondary solid cancers following allogeneic transplant. 
Follow-up was extended and survival probabilities were studied. Patient, donor, and transplant characteristics were collected and descriptive 
statistics generated. Probability of overall survival was calculated using the Kaplan-Meier estimator.

Results: There were 146 patients from our previously identified cohort who had developed secondary solid cancers and in whom we 
obtained follow up data. After exclusion of basal cell carcinomas (n=28) and those diagnosed at the time of autopsy (n=6), 112 individuals 
with secondary solid cancers were retained for survival analysis. Thirty patients were less than 20 years of age at the time of transplant. 
Median duration of follow-up from the development of secondary cancer for survivors was 11.9 years (range: 0.8 – 23.4) and 75% were 
followed greater than 7.0 years. The 5- and 10-year overall survival probabilities were 50% (95% CI: 41 – 60%) and 46% (95% CI: 37 – 
57%), respectively. Overall survival varied by secondary cancer type. Secondary cancer was the cause of death in most patients who died 
following development of melanoma, central nervous system, oral cavity, thyroid, lung, lower gastrointestinal tract, and bone cancers. 

Conclusions: Extended follow-up allowed for the most comprehensive longitudinal evaluation to date of this rare condition. These findings 
will enhance clinician ability to predict outcomes and counsel transplant survivors who develop secondary solid cancers.

101. MUTATIONAL ANALYSIS OF IONIZING RADIATION-INDUCED NEOPLASMS Amy Sherborne, PhD1, Phil Davidson, PhD2, Katharine Yu, 
BS1, Alice Nakamura, PhD2, Jean L. Nakamura, MD1

1Department of Radiation Oncology, University of California, San Francisco, CA, USA; 2Department of Statistical Analysis, University of Alberta, 
Edmonton, Alberta, Canada

Purpose: Second malignant neoplasms (SMNs) are therapy-induced malignancies and severe late complications that develop in cancer 
survivors. Most are associated with ionizing radiation from fractionated radiotherapy. The mutational landscape of ionizing radiation-
induced tumorigenesis is not well-characterized on a genome level and defining the mutational landscape of malignancies induced by 
ionizing radiation may reveal biological mechanisms that specifically contribute to the development of SMNs. The purpose of this study is to 
characterize the mutational profile of tumors induced by ionizing radiation modeling radiotherapy that is associated with SMN development. 
We previously developed mouse models of SMNs by delivering focal, fractionated irradiation to wildtype and Nf1 mutant mice. 

Experimental Procedures: Whole exome sequencing was performed on 25 diverse ionizing radiation-induced malignancies from wildtype 
and Nf1 mutant mice, which included mammary carcinomas and sarcomas. Sequencing and alignments were performed using established 
approaches.

Results: Somatic single nucleotide variants were identified in all tumors and compared between tumor types and genetic backgrounds. The 
distribution of base substitution was similar among tumors from the two backgrounds. We analyzed immediately flanking sequence context 
for each somatic variant using non-negative matrix factorization methods and extracted 3 stable and distinctive mutational signatures. Copy 
number and pathway analysis were showed that tumors from wildtype and Nf1 mutant backgrounds differed significantly with regard to copy 
number alterations and the types of genes mutated.

Conclusions: Ionizing radiation-induced malignancies possess distinguishable and unique mutational signatures characterized by base 
substitutions occurring in specific sequence contexts. This signature suggests a genetic basis for the pathogenesis of radiation-induced 
SMNs being distinct from sporadic cancers. In conjunction with this work, radiation-induced SMNs from pediatric cancer survivors are being 
sequenced and similarly analyzed for mutational signatures. Validated mutational signatures might be exploited to develop assays to screen 
cancer survivors for SMN risk.



65

102. THERAPY SERVICE NEEDS IN CHILDREN WITH CANCER PREDISPOSITION SYNDROMES Katie Gettinger, MSN, RN, CPNP1, Todd E. 
Druley, MD, PhD2, Beth Kozel, MD, PhD2, Marwan Shinawi, MD2, Caroline Mohrmann, MSN, RN, CPNP2, Jennifer Henry, BA2, Celina Jacobi, BS2, 
Ling Chen, MSPH, PhD2, Robert J. Hayashi, MD2

1St. Louis Children’s Hospital, St. Louis, MO, USA; 2Washington University School of Medicine, St. Louis, MO, USA 

Purpose: The purpose of this study is to characterize the unique needs of children with cancer predisposition syndromes (CPS). 

Description of Project: We have established a multi-disciplinary pediatric cancer predisposition clinic at Washington University. With the 
exceptions of Down syndrome and Neurofibromatosis, who are served in other clinics, our clinic serves any child with a known or suspected 
cancer predisposition syndrome. We obtained IRB approval to offer a voluntary, longitudinal survey which was a combination of questions 
from the Childhood Cancer Survivor Study (CCSS) Cohort Baseline Questionnaire, an institutional based survey on Beckwith-Wiedemann 
Syndrome (BWS), and original questions. All English speaking patients who are 0-18 years of age are eligible for this annual survey, 
completed by parents/caregivers with medical information validated by chart review. 

Results/Conclusion: Of the 72 patients evaluated in our clinic, 60 consented to the study. Of the 60 patients that consented, 48 completed 
the survey. Of the 48 patients enrolled, 45.83% of patients required special therapies [physical therapy (PT), occupational therapy (OT), and/
or speech therapy (ST)]. This is in contrast to national surveys reporting the need for therapy services in the general population [National 
Survey of Children with Special Health Care Needs (21.5%) and The National Survey of Children’s Health (7.4%)]. Based on the composition 
of our population we divided the patients into two groups: 1) Hemihypertrophy (HH) and BWS (n=28) and 2) all other CPS patients (n=20). In 
the BWS/HH group, 53.5% require special therapies (PT 35.7%, OT 32%, and/or ST 35.7%) in contrast to 35% of the other CPS group (PT 
25%, OT 35%, and/or ST 25%). The preliminary results of this study highlight the importance of a multidisciplinary assessment of children 
with CPS. CPS patients exhibit many other needs aside from their increased risk of cancer. 

103. METHODS OF IDENTIFICATION OF SECONDARY MALIGNANT NEOPLASMS IN CHILDHOOD CANCER SURVIVORS Caroline 
Mohrmann, MSN, RN, CPNP1, Taryn Sandheinrich, MSN, RN, FNP-C, CPHON, BMT CN2, Jennifer Henry, BA1, Katie Gettinger, MSN, RN, CPNP2, 
Robert J. Hayashi, MD1

1Washington University School of Medicine, St. Louis, MO, USA; 2St. Louis Children’s Hospital, St. Louis, MO, USA 

Purpose: The purpose of the study was to assess the impact of risk-based screening on the detection of secondary malignant neoplasms (SMNs) in 
a childhood cancer survivor population and identify risk factors contributing to the development of SMNs that could enhance the screening process. 

Description of Project: A retrospective chart review was completed on 1628 patients treated at this institution for a childhood cancer from 
2001-2014. Patients with a secondary malignant neoplasm (SMN) underwent full chart review. Method of identification of SMN was classified 
as risk-based screening or incidental following the Children Oncology Group Late Effects Screening Guidelines. Patient characteristics, 
treatment information, and genetic abnormalities were also collected. 

Results/Conclusion: Of the 1628 charts reviewed, 2.5% of patients developed a SMN. Thirty-one charts met all eligibility criteria and 
underwent full review. Excluded patients either had original diagnosis at outside institution, incomplete treatment history, or original 
pathology report for SMN was not at this institution. Age at time of SMN ranged from 4-46 years of age, with a mean age of 19.42 years; 
58% were males. Average time from diagnosis to SMN development was 7.39 years. Treatment included chemotherapy for 96.8% of 
patients and radiation for 41.9%. Leukemia was the most common SMN (16.1%) followed by central nervous system tumors (12.9%), thyroid 
cancer (12.9%), and myelodysplasia syndrome (9.6%). Since SMN diagnosis, 29% of patients have died. Most of the SMNs were identified 
incidentally (90%). A large percentage of patients (32.3%) have a genetic syndrome that predisposes them to the development of cancer. 
Risk-based screening fails to identify the vast majority of SMNs. Clinicians and patients need to be familiar with the signs and symptoms of 
SMNs and consider evaluations irrespective of past SMN screening. Patients with genetic cancer predispositions likely require specialized 
follow-up and screening for SMNs.

104. HOSPITALIZATIONS AMONG SURVIVORS OF WILMS TUMOR: A NORDIC POPULATION-BASED COHORT STUDY Stine Høgsholt1, 
Peter H. Asdahl, MD1,2, Trine G. Bonnesen, MD1,2, Jeanette F. Winther, MD, DMSc2, Jørgen H. Olsen, MD, DMSc2, Harald Anderson, PhD3, Laura 
M. Madanat-Harjuoja, MD, PhD4, Laufey Tryggvadottir, MSc5, Finn Wesenberg, MD, PhD6, Henrik Hasle, MD, PhD1, on behalf of the ALiCCS 
study group
1Department of Pediatrics, Aarhus University Hospital, Aarhus, Denmark; 2Danish Cancer Society Research Center, Copenhagen, Denmark; 
3Department of Clinical Sciences, Cancer Epidemiology, Lund University, Lund, Sweden; 4Finnish Cancer Registry, Helsinki, Finland; 5The 
Icelandic Cancer Registry, Reykjavik, Iceland; 6Cancer Registry of Norway, Oslo, Norway

Purpose: Survival in Wilms tumor now exceeds 90%. Therefore, a focus on morbidity and especially late onset morbidity becomes 
increasingly important. The objective of this study was to investigate the spectrum and frequency for late sequelae in survivors of Wilms 
tumor in a population-based setting.
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Methods: This study is part of the inter-Nordic collaboration Adult Life after Childhood Cancer in Scandinavia (ALiCCS). From the cancer 
registries in the Denmark, Finland, Iceland, Norway, and Sweden, we identified all one-year survivors of Wilms tumor diagnosed <20 years 
of age. For each patient with Wilms tumor, we randomly sampled five comparison individuals from the general population. We followed the 
study subjects for hospitalizations in the national hospital registries. The rate of hospitalization for diseases in different organ systems among 
the Wilms tumor survivors was compared to an expected rate based on the comparisons.

Results: From the registries 1316 one-year survivors were available for analysis. Of these 37% was older than 30 years at end of follow-up. 
Compared to the general population, survivors of Wilms tumor had an increased risk of hospitalization within all major organ systems; kidney 
and urinary tract diseases (standardized hospitalization rate ratio: 3.9; 95% confidence interval: 3.2-4.7), cardiovascular diseases (2.8; 2.3–3.4), 
gastrointestinal and liver diseases (1.9; 1.7-2.2) and endocrine diseases (3.7; 3.1–4.5). In general, the rate differences were largest in the years 
closest to diagnosis and declined over time. Yet, even 40 years from diagnosis, Wilms tumor survivors had an increased rate of hospitalizations.

Conclusion: Survivors of Wilms tumor had an increased risk of a wide range of diseases. In future studies, we will focus on the relation 
between specific treatments and the risk of morbidity. Furthermore, we plan a study including clinical follow-up of very long-term survivors. 

105. HOSPITALIZATION FOR SOMATIC DISEASE IN SURVIVORS OF NEUROBLASTOMA IN SCANDINAVIA: A STUDY WITHIN THE 
RESEARCH PROGRAMME ‘ADULT LIFE AFTER CHILDHOOD CANCER IN SCANDINAVIA’ WWW.ALICCS.ORG Filippa Nyboe Norsker, MSc1, 
Henrik Hasle, Professor, PhD2, Jørgen H. Olsen, DMSc1, Jeanette Falck Winther, DMSc1

1Danish Cancer Society, Danish Cancer Society Research Center, Copenhagen, Denmark; 2Aarhus University Hospital, Skejby, Department of 
Pediatrics, Aarhus, Denmark

Introduction: Neuroblastoma is the most common extracranial solid cancer in childhood and the most common cancer in infancy 
accounting for 8-10% of all childhood cancers. The survival of childhood neuroblastoma has advanced over the last decades due to 
improvements in chemotherapy regimens, radiation techniques and surgery. The improved survival highlights the need for more knowledge 
concerning the life-long risk of late complications related to the disease and its treatment. 

Purpose: By using the unique population-based registries in the 5 Nordic countries with virtually complete follow-up, we aim to give an 
overview of health-related late effects in long-term survivors of neuroblastoma by measuring hospitalization for somatic disease in all organs 
and body systems. 

Material and Methods: The Nordic cohort comprises 1,318 1-year survivors of neuroblastoma diagnosed with cancer below the age of 
20 between start of the cancer registries in the 1940s and 1950s through 2008. The survivors will be followed-up in the national hospital 
registries and diagnostic outcomes will be compared to those of 5 times as many population comparisons. 

Results: Preliminary results show that neuroblastoma survivors are at increased risk of being hospitalized for endocrine (RR=5.0, 95% CI 
4.1-6.0) and neurological disorders (5.2, 4.0-6.6) as well as cardiovascular (3.4, 2.7-4.2), pulmonary (2.4, 2.1-2.7), renal (4.9, 4.0-5.9) and 
gastrointestinal disease (2.2, 1.9-2.6). Characteristics of the neuroblastoma cohort and risk estimates of a wide range of somatic late effects 
measured as medically verified diagnoses will be presented.

Conclusion: According to our knowledge this is the first comprehensive population-based study of late effects among survivors of 
neuroblastoma. The findings of this project will hopefully allow better planning of treatment protocols for neuroblastoma patients and 
contribute with knowledge to improve the basis for patient counseling and follow-up.

106. INTESTINAL OBSTRUCTION IN SURVIVORS OF CHILDHOOD CANCER: A REPORT FROM THE CHILDHOOD CANCER SURVIVOR 
STUDY (CCSS) Arin L. Madenci1,2, Stacey Fisher3, Lisa Diller4, Robert Goldsby5, Wendy Leisenring6, Kevin Oeffinger7, Leslie L. Robison8, 
Charles Sklar7, Marilyn Stovall9, Rita E. Weathers9, Gregory T. Armstrong8, Yutaka Yasui3, Christopher B. Weldon1,4 
1Department of Surgery, Boston Children’s Hospital and Harvard Medical School, Boston, MA, USA; 2Department of Surgery, Brigham 
and Women’s Hospital and Harvard Medical School, Boston, MA, USA; 3School of Public Health, University of Alberta, Edmonton, Canada; 
4Department of Pediatric Oncology, Dana-Farber Cancer Institute and Harvard Medical School, Boston, MA, USA; 5Department of Pediatrics, 
UCSF School of Medicine, San Francisco, CA, USA; 6Fred Hutchinson Cancer Research Center, Seattle, WA, USA; 7Memorial Sloan-Kettering 
Cancer Center, New York, NY, USA; 8Department of Epidemiology and Cancer Control, St Jude Children’s Research Hospital, Memphis, TN, 
USA; 9Department of Radiation Physics, The University of Texas M. D. Anderson Cancer Center, Houston, TX, USA

Background: We sought to define the long-term rate of and risk factors for late-occurring intestinal obstruction requiring surgery (IOS) 
among childhood cancer survivors. 

Methodis: IOS occurring 5 or more years after cancer diagnosis was evaluated in 12,316 five-year survivors from the CCSS cohort (2,002 
with and 10,314 without abdominopelvic tumors) and 4,023 sibling participants. Cumulative incidence of IOS was calculated with second 
malignant neoplasm, late recurrence, and death as competing risks. Piecewise-exponential models were used to assess the associations of 
clinical and demographic factors with rate of IOS. 
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Results: IOS was reported by 165 survivors (median age at IOS=19 years, range=5-50 years; median time from diagnosis to IOS=13 years) 
and 14 siblings. Cumulative incidence of IOS at 35 years was 5.8% (95% confidence interval [CI]=4.4-7.3%) among survivors with primary 
abdominopelvic tumors, 1.0% (95% CI=0.7-1.4%) among those without abdominopelvic tumors, and 0.1% (95% CI=0.1-0.5%) among 
siblings. Survivors of abdominopelvic lymphoma had the highest 35-year cumulative incidence of IOS, 7.2% (95% CI=2.8-12.5%). Among 
survivors, abdominopelvic primary tumor (adjusted rate ratio [ARR]=3.6, 95% CI=1.9-6.8, P <0.001) and abdominal/pelvic radiotherapy 
within 5 years of diagnosis (ARR=2.4, 95% CI=1.6-3.7, P<0.001) increased the rate of IOS, adjusting for year of diagnosis; sex; race/
ethnicity; age at diagnosis; age during follow-up (as natural cubic spline); primary cancer type; and chemotherapy, radiotherapy, and surgery 
occurring within 5 years of diagnosis. Developing IOS increased the subsequent mortality among survivors (ARR=1.8, 95% CI=1.1-2.9, 
P=0.016), adjusting for the same clinical and demographic factors. 

Conclusions: In the decades following diagnosis and treatment, survivors of childhood cancer are at increased risk of developing late-onset 
IOS, with subsequent increased risk of mortality. These findings underscore the need to promote long-term awareness of these risks among 
patients and providers, especially for survivors with abdominal or pelvic tumors who have undergone treatment with surgery or radiotherapy.

107. THE RISK OF LIVER DISEASES IN LONG-TERM CHILDHOOD CANCER SURVIVORS – A NORDIC POPULATION-BASED COHORT 
STUDY (WWW.ALICCS.ORG) Trine Gade Bonnesen, MD1, Jeanette F. Winther, MD, DMSc2, Peter H. Asdahl, MD1, Sofie de Fine Licht, MSc2, 
Thorgerdur Gudmundsdottir, MD2, Anna Sällfors Holmqvist, MD3, Harald Anderson, MD, PhD4, Laura-Maria Madanat-Harjuoja, MD, PhD5, 
Laufey Tryggvadottir, MSc6, Finn Wesenberg, MD, PhD7, Jørgen H. Olsen, MD, DMSc2, Henrik Hasle, MD, PhD1, on behalf of the ALiCCS study 
group.
1Department of Pediatrics, Aarhus University Hospital, Aarhus, Denmark; 2Danish Cancer Society Research Center, Copenhagen, Denmark; 
3Pediatric Oncology and Haematology, Skåne University Hospital, Department of Clinical Sciences, Lund University, Lund, Sweden; 
4Department of Cancer Epidemiology, Lund University, Lund, Sweden; 5Finnish Cancer Registry, Helsinki, Finland; 6The Icelandic Cancer 
Registry, Reykjavik, Iceland; 7Cancer Registry of Norway, Majorstuen, Oslo, Norway

Purpose: Childhood cancer survivors are a growing population with highly increased risk of morbidity and mortality. The aim of this study 
was to identify the association between childhood cancer and liver diseases evaluated as the risk of hospitalization with liver diseases.

Methods: The cohort consisted of all one-year survivors diagnosed with cancer before the age of 20 identified from the cancer registries in 
the Nordic countries. For each survivor we randomly selected 5 population comparison individuals. We identified 31 132 one-year survivors 
and 207 041 comparison individuals. We used population-based registries to obtain information on hospitalizations for liver diseases. 

Results: Survivors were at increased risk of being hospitalized for any liver disease (RR=2.9, 95% CI 2.6-3.3). The relative risk (RR) 
decreased over time from a RR of 12.5 (95% CI 10.1-15.3) less than 5 years since diagnosis to a RR of 1.8 (95% CI 1.5-2.1) more than 20 
years since diagnosis. Highest risk for being hospitalized with a liver disease was seen in the age group 0-4 years at cancer diagnosis (RR= 
4.1, 95% CI 3.3-5.0) followed by the age group 5-9 years (RR= 4.0, 95% CI 3.2-5.1). Viral hepatitis was diagnosed in 130 survivors during 
follow-up, while 57 cases were expected from the comparison cohort, yielding a RR of 2.3 (95% CI 1.9-2.8). Overall, survivors of leukemia 
(RR= 8.9, 95% CI 7.3-10.9) and hepatic tumors (RR=54.3, 95% CI 33.0-89.3) had the highest risk of being hospitalized for these diseases. 

Conclusions: The risk of liver diseases is markedly increased among survivors of childhood cancer. In particularly, survivors of leukemia and 
hepatic tumor presented with a high risk. Future studies with focus on different cancer treatment modalities are of great importance in order 
to clarify the exact risk factors. 

108. LOW PREVALENCE OF IRON OVERLOAD IN CHILDHOOD CANCER SURVIVORS Erin Murphy, MD1,2, Lynn Schubert, BSN, RN2, Andrew 
C. Dietz, MD, MS3,4

1University of California San Diego, San Diego CA, USA; 2Rady Children’s Hospital, San Diego, CA, USA; 3University of Utah, Salt Lake City, UT, 
USA; 4Primary Children’s Hospital, Salt Lake City, UT, USA

Purpose: Organ dysfunction and other complications have been described in heavily transfused patients. Many survivors of childhood 
cancer were heavily transfused during therapy, and previous studies have reported more than half of survivors with iron overload. This study 
was to assess prevalence of iron overload in survivors of childhood cancer at a single institution, and to determine relationships between iron 
overload and different parameters of packed red blood cell (PRBC) transfusion.

Design: Participants were approached in the Thriving After Cancer Clinic at Rady Children’s Hospital San Diego between July 2013 and June 
2014. Ferritin level was obtained with serum ferritin level >500 ng/mL used to define iron overload. If detected, this was confirmed by repeat 
measurement along with inflammatory markers. Basic descriptive and comparative statistics including correlations between ferritin and 
parameters of PRBC transfusions were performed.
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Results: Of 116 participants (46% female, median 13 years of age at time of diagnosis, median 6 years of survival time), three (2.6%) 
were found to have elevated ferritin levels in this previously unscreened population. All three patients with iron overload were diagnosed 
with malignancy in the teenage years, had received >8000 mL total of PRBC, and >100 mL/kg of PRBC. In the overall population, total 
PRBC volume transfused was most closely correlated with elevated ferritin values (r=0.74, p<0.0001). PRBC volume >8000 mL was highly 
associated with elevated ferritin (p<0.0001) with a positive predictive value of 75% and a negative predictive value of 100%.

Conclusion: There was a low prevalence of iron overload as assessed by ferritin elevation in contrast to previous reports. Risk of iron 
overload in this population was best determined by total PRBC volume transfused, with a threshold of 8000 mL being highly predictive.

109. PHLEBOTOMY TO TREAT IRON OVERLOAD IN CHILDHOOD CANCER SURVIVORS Josée J. Hamon, RN, MScN, Donna L. Johnston, 
MD, Mylène Bassal, MDCM

Division of Hematology/Oncology, Department of Pediatrics, Children’s Hospital of Eastern Ontario, Ottawa, Ontario, Canada

Background: Iron overload is increasingly recognized as a complication in childhood cancer survivors. Intensive treatment protocols and 
aggressive salvage therapies for relapse have contributed to increased transfusion support in pediatric oncology. Phlebotomy has long been 
used as a means of iron reduction in patients with iron overload. It is inexpensive and accessible compared to chelating agents. Although 
anecdotally used in pediatric cancer survivors, to our knowledge, phlebotomy has not been reported for treatment of iron overload in this 
population. 

Objective: To describe the experience of a tertiary care pediatric hospital using phlebotomy to treat iron overload in childhood cancer 
survivors. 

Methods: A retrospective chart review of pediatric long-term cancer survivors from January 2008-December 2013 identified all children 
with a diagnosis of iron overload who received phlebotomy. Ferritin values at the start and end of phlebotomy, total number of phlebotomies, 
adverse events during and reason for discontinuing phlebotomy were all recorded. 

Results: Four patients with severe iron overload treated with phlebotomy were identified. All had a serum ferritin over 1000 ug/L (range 
1146 to 1405 ug/L) prior to starting phlebotomy. Patients received an average of 7.7 (range 4-10) phlebotomies at monthly intervals. The 
median ferritin at the last phlebotomy was 657 ug/L (range 451-1295 ug/L). Half the patients achieved the target ferritin of < 500 ug/L within 
1 year of starting phlebotomy. None experienced any adverse events during any phlebotomy. 

Conclusion: Phlebotomy for the treatment of iron overload in this small group of childhood cancer survivors was well tolerated. However, 
after an average of 7 monthly phlebotomies, the median ferritin remained above normal in all subjects. More research is needed to assess 
the effect on other organs and burden on patients and families compared to the benefits of phlebotomy, as well as optimal screening 
methods for iron overload. 

110. HEPATIC ADENOMA AMONG ADULT SURVIVORS OF CHILDHOOD CANCER Emily S. Tonorezos, MD, MPH, Dana Barnea, MD, Ghassan 
K. Abou-Alfa, MD, Jacqueline Bromberg, MD, PhD, Michael D’Angelica, MD, Charles A. Sklar, MD, Kevin C. Oeffinger, MD

Memorial Sloan-Kettering Cancer Center, New York, NY, USA 

Background: Hepatic adenoma is a rare and poorly understood benign epithelial neoplasm. Because of the potential for spontaneous 
hemorrhage, rupture, or malignant transformation; hepatic adenoma frequently requires surgical resection. In the general population, the 
prevalence of hepatic adenoma is estimated at 1 in 100,000 and identified predominantly in obese females. An increased risk for hepatic 
adenoma among adult survivors of childhood and young adult cancer has not been previously reported

Methods: Cancer diagnosis and treatment, as well as demographic factors, medications, and comorbidities, were collected from the medical 
chart among patients with pathological confirmation of hepatic adenoma. All cases were patients diagnosed with a non-hepatic cancer 
before the age of 40 and seen at Memorial Sloan Kettering Cancer Center.

Results: Twelve cases of hepatic adenoma were pathologically confirmed; seven patients (58%) had more than one adenoma. Eleven (92%) 
cases were female. The most common cancer diagnosis was leukemia (N=4; 33%). Five (42%) had undergone allogeneic hematopoietic 
cell transplant with total body irradiation (TBI) as part of their preconditioning regimen. Cases were not as a rule obese; median body mass 
index was 22.2 kg/m2 (range, 17.6-31.0 kg/m2). All eleven females had a history of current or prior hormone therapy with estrogen and 
progesterone; the single male case was hypogonadal as a result of radiation therapy to the testes during treatment for acute myelogenous 
leukemia (AML) and was receiving testosterone therapy at the time of chart review. Eight patients (67%) had hypothyroidism and two (17%) 
were taking anti-epileptic drugs. Only two patients (17%) were monitored radiographically following biopsy; seven patients (58%) underwent 
hepatic resection and three (25%) underwent embolization.

Conclusions: Adult survivors of childhood and young adult cancer, particularly females with a history of current or prior hormone therapy, 
may be at increased risk for hepatic adenoma. Further investigation of this potentially morbid condition is warranted.
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111. THE INFLUENCE OF CO-MEDICATION ON PLATINUM-RELATED OTOTOXICITY IN LONG-TERM SURVIVORS OF CHILDHOOD 
CANCER: A DESCRIPTIVE DCOG STUDY E. Clemens, A.C.H. de Vries, E. van Dulmen-den Broeder, M. van Grotel, S.F.M. Pluijm, W.J.E. Tissing, 
J.J. Loonen, D. Bresters, A.B. Versluys, S.J.C.M.M. Neggers, L.C. Kremer, H.J.H. van der Pal, M.M. van den Heuvel-Eibrink, on behalf of DCOG-
LATER, The Netherlands

Background: Data on hearing impairment after platinum administration in very long-term childhood cancer survivors (CCS) is scarce. 

Aims: To analyze the frequency and degree of ototoxicity in a multi-center cohort of very long-term CCS treated with platinum-based 
chemotherapy, and to identify non-genetic risk factors for ototoxicity. 

Methods: We analyzed clinical and audiological data, (median follow-up time of 10.8yrs [2.0-32.1yrs]) of all non-cranial irradiated CCS 
treated with platinum agents between 1981 and 2013 in two of the seven pediatric oncology centers in the Netherlands. Median age at 
diagnosis was 3.8yrs [0.1-18.9yrs]. Hearing function was measured by pure tone audiometry. Severe hearing loss was defined according to 
Münster (≥grade 2b) as well as Brock (≥grade 2) classification. 

Results: Two-hundred-forty patients received platinum-based chemotherapy, of which 133 were treated with cisplatin alone (400 mg/
m2), 70 with carboplatin alone (1675 mg/m2), and 37 with both cisplatin (320 mg/m2) and carboplatin (1504 mg/m2). Overall, the incidence 
of hearing loss was 30% (Brock ≥grade 2), respectively 37.9% (Münster ≥grade 2b). Severe hearing loss was shown in 56/133 (Münster) 
/ 45/133 (Brock) cisplatin-treated patients, in 9/70 (Münster) / 6/70 (Brock) carboplatin-treated patients, and in 26/37 (Münster) / 21/37 
(Brock) patients treated with both agents. Univariate analysis identified exposure to cisplatin, higher cumulative doses of cisplatin, and 
exposure to furosemide and vancomycine as risk factors for hearing loss. This study will be further extended to complete the national cohort 
to determine the role of co-medication on platinum-related ototoxicity. 

Conclusion: Ototoxicity in platinum-treated long-term CCS is associated with the use as well as the cumulative dose of cisplatin. Audiologic 
monitoring at follow-up of platinum-based treated CCS is mandatory. Future studies need inclusion of synergistic ototoxic drugs like 
furosemide, aminoglycosides and vincristine. 

112. HEARING IMPAIRMENT IN SWISS CHILDHOOD CANCER SURVIVORS Annette Weiss, MSc1, Rahel Kasteler, MD1, Rahel Kuonen, MSc1, 
Laura Wengenroth, PhD1, Katrin Scheinemann, MD2, Michael Grotzer, MD3, E. Claudia Kuehni, MD1

1Institute of Social and Preventive Medicine, University of Bern (ISPM), Bern, Switzerland; 2Division of Pediatric Hematology/ Oncology, 
Children`s Hospital Lucerne, Lucerne, Switzerland; 3Department of Pediatric Oncology, University Children`s Hospital Zurich, University of 
Zurich, Zurich, Switzerland

Objectives: Hearing impairment is a well-known late effect after treatment for childhood cancer, particularly with platinum compounds. 
Short-term hearing problems have been extensively investigated, but data on long-term outcomes are limited. Therefore, our aims were:  
1) to compare prevalence of hearing impairment between long-term survivors of childhood cancer and their siblings; and 2) to describe the 
association with treatment.

Methods: As part of the Swiss Childhood Cancer Survivor Study, we sent a detailed questionnaire to all 5-year survivors of childhood cancer, 
diagnosed 1976-2005, who were registered in the Swiss Childhood Cancer Registry. We compared prevalence of reported hearing loss and 
tinnitus between survivors and siblings and described associations with treatments (cranial irradiation, platinum compounds).

Results: 2395 survivors (response rate 70%) and 863 siblings (52%) returned the questionnaire. Mean age at survey for survivors was 
24±9 (SD) years. All diagnostic groups were included: the largest being leukemia (33%), lymphoma (18%), and CNS tumors (15%). Compared 
to siblings, survivors reported significantly more often hearing loss [10.5% (95% CI 9.3-11.9) vs. 2.8% (1.7-4.3), p<0.001]; prevalence of 
tinnitus did not differ (4.8% vs. 5.2%, p=0.702). Adjusting for age at treatment and sex, hearing loss was associated with treatment with 
platinum compounds (OR 9.19, p<0.001) and treatment with cranial irradiation (OR 1.88, p<0.001). Tinnitus was associated with treatment 
with platinum compounds (OR 2.41, p=0.006).

Conclusion: This study provides first data on hearing impairment after childhood cancer in Switzerland. It shows, in accordance with 
international studies, the relevance of this late effect, and highlights the importance of monitoring hearing in children and adolescents after 
treatment with platinum compounds and cranial irradiation.
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Table I. Association between treatment and hearing impairment after childhood cancer adjusted for age at treatment and gender 

Hearing lossa N=2175 Tinnitusb N=2208

OR 95%CI p-value OR 95%CI p-value

Treatment with platinum <0.001 0.006

 No 1.00 1.00

 Yes 9.19 (6.22 – 13.59) 2.41 (1.29 – 4.52)

Cranial irradiation <0.001 0.289

 No 1.00 1.00

 Yes 1.88 (1.34 – 2.64) 1.30 (0.80 – 2.12)

Age at treatment 0.005 0.003

 0-5 years 1.00 1.00

 6-10 yesars 1.06 (0.74 – 1.51) 2.17 (1.26 – 3.74)

 > 10 years 0.57 (0.40 – 0.83) 2.63 (1.63 – 4.25)

Gender 0.466 0.367

 Male 1.00 1.00

 Female 1.12 (0.83 – 1.50) 1.20 (0.81 – 1.78)

Abbreviations: CI, confidence interval; OR, odds ratio; Gy, Gray 
a Logistic model is recorded; Hearing loss vs. no hearing loss after treatment 
b Logistic model is recorded; Tinnitus vs. no tinnitus after treatment 

113. DIFFERENTIAL PROMOTER METHYLATION IN OXIDATIVE STRESS GENES ASSOCIATED WITH OTOTOXICITY AMONG CHILDHOOD 
CANCER SURVIVORS Austin L. Brown1, Philip J. Lupo1,2, Erin C. Peckham1, Jeffrey C. Murray3, M. Fatih Okcu1,2, Ching C. Lau1,2, Surya 
Rednam1,2, John W. Belmont4, Michael E. Scheurer1,2

1Department of Pediatrics, Section of Hematology-Oncology, Baylor College of Medicine, Houston, Texas, USA; 2Dan L. Duncan Cancer Center, 
Baylor College of Medicine, Houston, Texas, USA; 3Cook Children’s Hospital, Fort Worth, Texas, USA; 4Department of Molecular and Human 
Genetics, Baylor College of Medicine, Houston, Texas, USA

Purpose: There is growing evidence that platinum-based chemotherapeutic agents may up-regulate genes involved in mitochondrial 
superoxide detoxification leading to cochlear oxidative stress and ultimately ototoxicity. Based on this, we hypothesize that epigenetic 
mechanisms leading to differential expression of these genes may play a role in treatment-related ototoxicity. Therefore, we evaluated 
the role of methylation profiles within six mitochondrial superoxide metabolism genes on ototoxicity susceptibility among childhood 
medulloblastoma survivors.

Methods: Peripheral blood samples were collected from 63 childhood medulloblastoma survivors at Texas Children’s Cancer Center between 
2005 and 2010, with a mean time since diagnosis of 5.2 years. Patients requiring hearing aids ≥1 year following primary therapy were 
assigned a diagnosis of ototoxicity. DNA methylation profiles were obtained using the Illumina HumanMethylation450 BeadChip array. We 
assessed probes in promoter-associated CpG sites within the following genes: SOD2, GPX4, GSR, PRDX3, TXN2, and TXNRD2. Ototoxicity-
associated differential methylation at these probes was assessed using linear regression adjusting for age, gender, cranial radiotherapy, 
amifostine, cisplatin dose, and cellular composition. The false discovery rate (FDR) was used to account for multiple comparisons.

Results: Among the 54 probes included in the final analysis, two were associated with ototoxicity (FDR q<0.1): GPX4 (cg18061485; 
q=0.079) and GSR (cg07077080; q=0.044). Relative to ototoxic cases (n=23), the mean beta methylation values were 12.6% and 7.8% 
higher in control patients (n=40) for cg18061485 and cg07077080, respectively.

Discussion: As DNA methylation at CpG sites in promoter regions is associated with decreased gene expression, our results are consistent 
with evidence that up-regulation of genes involved in mitochondrial superoxide detoxification is associated with ototoxicity. Our study 
provides preliminary evidence that epigenetic mechanisms may play a role in treatment-related ototoxicity. This information may potentially 
inform improved risk stratification and chemoprotective strategies for hearing loss among those undergoing therapy for childhood 
medulloblastoma.
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114. CHILDHOOD-ONSET CRANIOPHARYNGIOMA: PRELIMINARY RESULTS OF A LONG-TERM SEQUELAE ASSESSMENT M. Wijnen, 
MD1,2, M.M. van den Heuvel-Eibrink, MD, PhD1,3, C.E. Catsman-Berrevoets, MD, PhD4, J.A.M.J.L. Janssen, MD, PhD2, A.J. van der Lelij, MD, 
PhD2, S.J.C.M.M. Neggers, MD, PhD1,2

1Department of Pediatric Oncology/Hematology, Erasmus MC – Sophia Children’s Hospital, Rotterdam, The Netherlands; 2Department of 
Internal Medicine, Section Endocrinology, Erasmus University Medical Center, Rotterdam, The Netherlands; 3Princess Maxima Center for 
Pediatric Oncology, Utrecht, The Netherlands; 4Department of Pediatric Neurology, Erasmus University/Sophia Children’s Hospital, Rotterdam, 
The Netherlands

Purpose of study: Craniopharyngiomas are among the most common sellar region involving brain tumors in children. Although survival 
rates are encouraging, tumor- or treatment-related sequelae are frequent and often impair quality of life. Frequently reported complications 
include pituitary hormone deficiencies, visual disturbances, and hypothalamic obesity. Up until now, studies on long-term consequences of 
childhood-onset craniopharyngioma predominantly assessed survivors treated with neurosurgery and/or conventional radiotherapy. Studies 
on long-term sequelae of less used or modern treatment modalities like 99Yttrium brachytherapy and stereotactic radiotherapy are scarce, 
as well as studies comparing childhood- and adult-onset craniopharyngioma. Therefore, in this study, we will describe long-term sequelae of 
childhood-onset craniopharyngioma as compared to adult-onset disease, using our cohort of long-term craniopharyngioma survivors treated 
with multiple therapeutic modalities. 

Summarized description of project: We cross-sectionally describe the preliminary collected data of our single-center cohort of 135 
craniopharyngiomas (59 childhood-onset, 76 adult-onset), diagnosed in the Erasmus University Medical Center between 1952 and 2014 and 
followed-up for a median 19 years (range 0-62 years). Additionally, we compare frequencies of pituitary hormone deficiencies at last follow-
up visit in our late effects clinic between childhood- and adult-onset craniopharyngioma survivors. Our cohort contains a relatively large 
number of patients treated with 99Yttrium brachytherapy and/or stereotactic radiotherapy.

Results and conclusions: Currently, data on all childhood- and 57 adult-onset craniopharyngiomas has been collected. In childhood-onset 
craniopharyngioma survivors, preliminary results show prevalences of growth hormone deficiency, secondary adrenal failure, secondary 
hypothyroidism, hypogonadotropic hypogonadism, diabetes insipidus, and anterior panhypopituitarism at last follow-up visit of 95%, 88%, 
93%, 86%, 81%, and 77%, respectively. At last follow-up visit, frequencies of growth hormone deficiency (95% vs. 66%, P < 0.01), diabetes 
insipidus (81% vs. 32%, P < 0.01), and anterior panhypopituitarism (77% vs. 57%, P = 0.02) are higher in childhood- compared to adult-
onset craniopharyngioma survivors. 

115. DOSE RECONSTRUCTION FOR HISTORIC RADIATION THERAPY-UNCERTAINTY IN ORGAN DOSE DUE TO ORGAN POSITION 
VARIATION BETWEEN PATIENTS Daniel F. Craft, BS1,2, Rachel B. Ger, BS1,2, Susan Smith, MPH2, Rita Weathers, MS2, Jacob N. Palmer, MS2, 
Irene Harris, BS2, Marilyn A. Stovall, PhD2, Rebecca M. Howell, PhD1,2

1The University of Texas Health Science Center Houston, Graduate Student, Graduate School of Biomedical Sciences, Houston, TX, USA;  
2The University of Texas MD Anderson Cancer Center, Houston, TX, USA

Purpose: In radiation epidemiology studies, organ doses are retrospectively reconstructed based on information from the patients’ 
radiotherapy (RT) records. The records include the prescription dose, beam energy, field size and location. Abstracted RT data are used 
to simulate patients’ treatments on generic phantom(s) to estimate dose to organs outside the treated areas. While each record provides 
individual treatment details for each patient’s phantom simulation, organ positions within the phantom are fixed. In this preliminary study we 
investigated uncertainty in organ dose due to organ position variation between patients that is not accounted for in generic phantoms. 

Methods: We chose a population of 18 pediatric patients that received craniospinal irradiation (CSI) at our institution. Each patient had CT 
scans from the top of the head to thighs, giving known organ positions. For each patient, we created a typical brain RT treatment plan using 
a technique consistent with records of CSI patients in the Childhood Cancer Survivor Study. We measured the dose to each patient’s breasts 
based on the known organ locations. We then abstracted each patient’s treatment plan as if it were a historic treatment without CT data. 
Next, we simulated each treatment on the generic phantom and calculated the breast doses in the phantom. We compared the patients’ 
breast doses with those from the generic phantom reconstructions.

Results: The average mean breast dose for the patients in this study was 0.19±0.08% of the prescribed dose. When each patient’s RT data 
was used to simulate their treatment on a generic phantom, the reconstructed average mean breast dose was 0.22±0.1% of the prescribed 
dose. 

Conclusions: For the treatment investigated, the average percent difference between the breast dose estimates was 25%. Further 
investigation is needed to quantify uncertainty in dose due to variation in organ position among patients.
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116. QUALITY OF CLINICAL PRACTICE GUIDELINES FOR FERTILITY PRESERVATION IN CHILDREN WITH CANCER Anna Font-Gonzalez, 
MSc1, Renée L. Mulder, PhD1, Erik A.H. Loeffen, MSc2, Julianne Byrne, PhD3, Wim J.E. Tissing, MD, PhD2, Marianne D. van de Wetering MD, 
PhD1, Leontien C.M. Kremer MD, PhD1, on behalf of the PanCareLIFE Consortium
1Department of Pediatric Oncology, Emma Children’s Hospital / Academic Medical Center, Amsterdam, The Netherlands; 2Department of 
Pediatric Oncology/Hematology, Beatrix Children’s Hospital, University Medical Center Groningen, University of Groningen, Groningen, The 
Netherlands; 3Boyne Research Institute, Drogheda, Ireland

Purpose of study: There is currently little uniformity in fertility preservation care for children with cancer. To ensure that children diagnosed 
with cancer receive high-quality care, evidence-based clinical practice guidelines are essential. As a first step towards future guideline 
development, we aimed to identify existing guidelines for fertility preservation in children with cancer, evaluate their quality, and explore 
differences in recommendations.

Summarized description of project: We performed a systematic search in Pubmed (2000-October 2014), guideline databases and 
websites of relevant cancer, paediatric and fertility organizations to identify guidelines for fertility preservation for children and young adults 
with cancer. Two reviewers evaluated the quality of the guidelines using the Appraisal of Guidelines Research and Evaluation Instrument 
(AGREE II). From the high quality guidelines, we evaluated the areas of concordance and discordance among the recommendations.

Results: There were 26 guidelines that met our inclusion criteria. Twenty guidelines focused on adults and children and 6 on adults only. So 
far, not all the guidelines underwent a full critical appraisal. Until now, the average AGREE-II domain scores varied from 15% on applicability 
to 100% on clarity of presentation. Of the appraised guidelines, we found several areas of discordance regarding the clinical questions “Who 
should receive fertility preservation?”, “What fertility preservation method should be used?”, “When should fertility preservation be discussed 
and initiated?”, “Who should be involved in the discussion of and decision for fertility preservation? and “What are the ethical aspects?”. 
Results of the full quality appraisal and evaluation of concordances and discordances will be presented at the conference. 

Conclusion: Variations in fertility preservation recommendations can affect the quality of care. Clinical practice guidelines including a 
transparent decision process for fertility preservation can help health care providers deliver optimum care and improve the quality of life of 
childhood cancer survivors.

117. PARENTHOOD ANXIETY AND CHILD HEALTH CONCERN IN ADULT SURVIVORS OF CANCER IN CHILDHOOD M. Peretz-Nahum, MD, 
E. Krivoy, MSc, S. Tamir, MA, O. Mordechai, MD, S. Makhoul, SWS, M. Weyl Ben Arush, MD

Pediatric Hematology Oncology Department, Ruth Rappaport Children’s Hospital, Rambam Health Care Campus, Haifa, Israel

Background: Survivors of pediatric cancer have worse health quality of life than general population and are at risk for chronic distress, 
mainly female survivors. No study about influence of poor health status and increased anxiety on parenthood in the childhood cancer survivor 
cohort was found in literature.

Aim: The aim of this study was to explore anxiety, health concern and parental perception of child health vulnerability in adult survivors of 
childhood cancer who are parents of healthy children.

Methods: Survivors of childhood cancer, parents of healthy children on follow up in our Pediatric Hemato-Oncology Long Term Follow Up 
outpatient clinic were eligible. Patients (pts) completed a phone questionnaire evaluating: demographic data, anxious personality trait, past 
cancer disease concern, parental perception of their child health vulnerability, adverse parental anxious reaction to child mild illness. A score 
was defined for anxious personality, high past cancer disease concern, high parental child health concern and adverse parental anxious 
reaction to child mild illness, respectively. Statistical analysis was done with Excel computer program and the SPSS method. 

Results: 37 participants were evaluated, 11 male, 26 female, median age was 33 years (y) (20 to 41), 12 (32%) of 37 survivors had anxious 
personality traits, 16(43%) showed high past cancer disease concern, 17(46%) had high parental child health concern, 9(24%) pts had 
adverse parental anxious reaction to child mild illness. Statistical correlation was found between high parental child health concern, female, 
anxious personality traits, high past cancer disease concern, but no statistical correlation was shown with age, religion, educational level or 
children number in the survivor’s family. 

Conclusion: Parents survivors of cancer in childhood, mainly females, have high level of anxiety and health concern about themselves and 
their healthy children. They should be screened and referred accordingly.
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118. REPRODUCTIVE HEALTH IN FEMALE CHILDHOOD AND ADOLESCENT CANCER SURVIVORS: A SINGLE INSTITUTION EXPERIENCE 
Lisa Bashore, PhD, APRN, CPNP, CPON1, Kalyan Chitturi, OMS-II2, Christina Prendergast, OMS-III2, Paul Bowman, MD2

1Texas Christian University/Cook, Children’s Medical Center, Fort Worth, TX, USA; 2University of North Texas Health Science Center, Fort Worth, 
TX, USA

Background: Female childhood cancer survivors in the Life After Cancer Program (LACP) at Cook Children’s Medical Center were assessed 
for selected reproductive health outcomes. 

Methods: A retrospective chart review of 194 female participants (mean age = 19.93 years) from January 1, 2011 to June 30, 2013 
was performed. Participants were minimally two years from completion of their cancer therapy and over 12 years of age at the time of 
the analysis. Outcomes of interest, including both diagnosis of ovarian failure (OF) and need for hormone replacement therapy (HRT) were 
analyzed using logistic regression. 

Results: Mean age at the time of cancer treatment was 6.69 years. Twenty-three (11.86%) were diagnosed with OF and 25 (12.89%) 
required HRT. Busulfan, carboplatin, total body irradiation, ovaries/uterus radiotherapy, and age at time of treatment were significantly 
associated with OF. Total body irradiation, ovarian and uterine radiotherapy, busulfan, ifosfamide, carboplatin, and age at time of treatment 
were associated with HRT. 

Conclusions: Findings of this analysis revealed that total body irradiation, ovarian and uterine radiotherapy, busulfan, carboplatin, and age at 
the time of cancer treatment were associated with both subsequent ovarian failure and use of HRT. Cyclophosphamide and neuro/endocrine 
axis radiation therapy were not significantly associated with either OF or HRT. Further analyses are ongoing with an expanded cohort of 
female survivors treated in this institution. 

119. PEDIATRIC CANCER SURVIVORS’ KNOWLEDGE REGARDING SEXUALLY TRANSMITTED DISEASES AND PRIMARY PREVENTION 
Nancy Silva Santos, RN, Camila Maida de Pontes, RN, Monica Cypriano, MD

Pediatric Oncology Institute (IOP)/ GRAACC/ Federal University of Sao Paulo (UNIFESP), São Paulo, Brazil

Purpose: Despite pediatric cancer high cure rates, about 2/3 of the survivors may develop lasting sequelae, hence the need for prolonged 
follow-up by a multidisciplinary team. We aim to determine survivors’ knowledge regarding sexually transmitted disease (STD) and primary 
prevention.

Material and methods: During the first visit at our Late Effects Clinic, our dedicated nurse provides education for patients and families 
concerning late effects, primary prevention and maintenance of a healthy life-style. Survivors’ previous knowledge regarding these issues is 
recorded in a specific instrument for comparison with subsequent visits.

Results: From June 2005 to September 2014, 495 patients were seen for the first time in the Late Effects Clinic, 115 were excluded from 
this study due to incomplete documentation of the nurse’s education session. Of 380 evaluable patients, 193 (50.8%) were male; age 
distribution was as follows: 0-10 years of age - 15.3%; 10-20 years - 51.8%; 20-30 years - 28.4%; and older than 30 years of age – 4.5%. 
Leukemia was the most common diagnosis (25.9%), followed by Wilms tumor (18.4%), central nervous system tumor (14.7%), osteosarcoma 
(12.1%), lymphoma (8.5%), neuroblastoma (5.3%), soft tissues sarcomas (4.2%) and other tumors (10.9%). Of 380, 277 (72.9%) survivors 
exhibited no previous knowledge regarding STD or primary prevention, 72 (18.9%) had incomplete knowledge and only 31(8.1%) had 
previous information of the all issues discussed. The majority (53.4%) of the patients who were completely unaware of STD and primary 
prevention were adolescents (10 to 20 years of age), which is the most vulnerable period for STD exposure and bad habits formation.

Conclusion: Health promotion and educational programs should be an integral part of the survivors’ clinic, with special focus in adolescents 
and young adults who are the most vulnerable population and the least likely to seek medical care or health care information in other venues.

120. DIMINISHED OVARIAN RESERVE REFLECTED BY LOW ANTI-MULLERIAN HORMONE (AMH) IN PEDIATRIC CANCER SURVIVORS 
IN THE EARLY YEARS FOLLOWING GONADOTOXIC THERAPY Swati V. Elchuri, MD1, Briana C. Patterson, MD, MSCR1,2, Milton Brown, PhD1, 
Elizabeth Record, DNP2, Karen Wasilewski-Masker, MD, MSCR2, Ann Mertens, PhD2, Lillian Meacham, MD1,2

1Emory University, Pediatric Endocrinology and Metabolism, Pediatric Hematology and Oncology, Atlanta, GA, USA; 2Aflac Cancer and Blood 
Disorders Center of Children’s Healthcare of Atlanta, Atlanta, GA, USA

Background: AMH is a marker of diminished ovarian reserve (DOR). Chemotherapy and radiation can negatively impact the follicle pool. 
Identifying females at risk for low AMH in the early years following cancer therapy prompts close follow-up and if needed, early referral to a 
reproductive specialist.

Methods: Females aged 10-21 years having received alkylator/heavy metal chemotherapy, and/or radiation exposure to the ovaries were 
recruited from survivor clinic. Those with prior total body irradiation were excluded. AMH and Follicle-Stimulating Hormone (FSH) levels were 
measured (non-phase specific). Those with a low AMH (<5%tile for age-matched controls) were classified as having DOR, and those with an 
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FSH > 40 mIU/ml and AMH<5%tile were further classified as having premature ovarian insufficiency (POI). Univariate statistics were used 
to determine association of DOR with demographic and treatment variables. A multiple logistic regression model was developed using a 
stepwise selection process. 

Results: Forty-nine survivors (Mage 14.9y, SD 3.3) at least 2 years off therapy (Mtime 7.5y, SD 3.6) were enrolled. DOR was found in 14 
(28.6%) subjects, and POI in 5 (10.2%). Subjects with a low AMH compared to those with a normal AMH were more likely to have had a 
higher cyclophosphamide equivalent dosing (CED) (p=0.001) and bRT (p=0.048). In the univariate analysis, current age, years off therapy, 
and race were not associated with DOR. In the multivariate model of DOR adjusted for age at diagnosis, the OR associated with bilateral 
radiation was 8.93 (95% CI 1.04-76.7, p=0.04) and the OR per 4 gm increase in CED was 1.49 (95% CI 1.07-2.07, p= 0.02). All subjects 
with POI had received > 8 gm/m2 of CED.

Conclusion: DOR as defined by an AMH < 5%tile in pediatric cancer survivors is associated with treatment that includes bilateral ovarian 
irradiation and increasing doses of CED.

121. UTERINE VOLUME AND BLOOD FLOW IN CHILDHOOD CANCER SURVIVORS TREATED WITH RADIOTHERAPY INVOLVING THE 
UTERUS L.E.X.M. van de Loo, BSc1, E. van Dulmen-den Broeder, PhD1, A. Overbeek, MD1,2, M. van Dijk, MSc1, C.B. Lambalk, MD, professor2, 
C.M. Ronckers, PhD3, L.C.M. Kremer, MD, PhD3, M.M. van den Heuvel-Eibrink, MD, PhD4,5, W.J.E. Tissing, MD, PhD6, J.J. Loonen, MD, PhD7, 
A.B. Versluys, MD, PhD8, D. Bresters, MD, PhD9, G.J.L. Kaspers, MD, professor1, F.E. van Leeuwen, professor10, M.H. van den Berg, PhD1, on 
behalf of the DCOG LATER-VEVO study group
1VU University Medical Center, Department of Paediatrics, Division of Oncology-Haematology, Amsterdam, The Netherlands; 2VU University 
Medical Center, Department of Obstetrics and Gynaecology, Amsterdam, The Netherlands; 3Emma Children’s Hospital/ Amsterdam Medical 
Center, Department of Paediatric Oncology, Amsterdam, The Netherlands; 4Sophia Children’s Hospital/ Erasmus MC University Medical Center, 
Department of Paediatrics, Division of Paediatric Oncology/Haematology, Rotterdam, The Netherlands; 5Princess Maxima Center for Paediatric 
Oncology, Utrecht, The Netherlands; 6University of Groningen, University Medical Center Groningen, Department of Paediatric Oncology/ 
Haematology, Groningen, The Netherlands; 7Radboud University Nijmegen Medical Center, Department of Paediatric Oncology, Nijmegen, 
The Netherlands; 8Wilhelmina Children’s Hospital/ University Medical Center, Department of Paediatric Oncology, Utrecht, The Netherlands; 
9Willem-Alexander Children’s Hospital/ Leiden University Medical Center, Leiden, The Netherlands; 10Netherlands Cancer Institute, Department 
of Epidemiology, Amsterdam, The Netherlands

Purpose: The aim of this study was to examine whether uterine irradiation in childhood leads to a reduced uterine volume and decreased 
flow in the uterine arteries. 

Methods: This study is part of the DCOG LATER-VEVO study, a nationwide retrospective cohort study on female fertility of Dutch childhood 
cancer survivors (CCSs). Within the total cohort of women who underwent ultrasonographic evaluation for the study (n=901), 44 nulliparous 
women had been treated with radiotherapy involving the uterus (exposed CCSs). Two age- and parity-matched comparison groups were 
used: 88 CCSs not treated with any type of radiotherapy (unexposed CCSs) and 88 females from the general population (healthy controls). 
Uterine volume was measured by three-dimensional transvaginal ultrasound, using specialized analytic software (Philips Qlab). Uterine artery 
blood flow was assessed by measuring the pulsatility index (PI) using color Doppler. 

Results: Median (interquartile range (IQR)) uterine volume was 41.1 (18.1-53.2) ml for exposed CCSs, 47.7 (35.9-61.9) ml for unexposed 
CCSs, and 61.6 (50.2-77.6) ml for healthy controls. Results show that, after correction for estradiol levels, exposed CCSs are at increased 
risk of having a reduced uterine volume (<30 ml) compared to both unexposed CCSs and healthy controls (OR=5.3 (95%CI 1.9-14.8) and 
OR=13.8 (3.5-55.0), respectively). Furthermore, for exposed CCSs age at diagnosis and alkylating agents score were not significantly 
associated with uterine volume (p=0.75 and p=0.67, respectively). Median (IQR) PI was 2.37 (1.74-2.86) for exposed CCSs, 2.46 (2.00-3.45) 
for unexposed CCSs, and 2.25 (1.71-2.95) for healthy controls, with none of the differences between the three groups being statistically 
significant. 

Conclusion: Exposure to uterine irradiation during childhood reduces adult uterine volume, which may lead to infertility or adverse 
pregnancy outcomes. CCSs exposed to uterine irradiation should be counseled early about these risks and should receive close obstetric 
monitoring in case of pregnancy. 

122. ADVERSE OBSTETRIC OUTCOMES AMONG EARLY ONSET CANCER SURVIVORS Johanna Melin, MD1,2, Sirpa Heinävaara, MSc1, Nea 
Malila, MD, PhD1, Aila Tiitinen, MD, PhD2, Mika Gissler, MSc3, Laura Madanat-Harjuoja, MD, PhD1,4

1Finnish Cancer Registry, Helsinki, Finland; 2Helsinki Women’s Hospital, University of Helsinki, Helsinki, Finland; 3Center for Health and 
Welfare, Helsinki, Finland; 4Department of Pediatrics, Helsinki University Hospital and University of Helsinki, Helsinki, Finland

Purpose: Our aim was to evaluate pregnancy complications and operative deliveries in female cancer survivors (diagnosed under age 35) 
compared to female siblings.
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Methods: Nationwide cancer and birth registries were merged to identify 1309 first post-diagnosis deliveries of female cancer survivors 
and 5916 first deliveries of female siblings in 1987-2006. Multiple logistic regression models were used to estimate the risk for pregnancy 
complications and operative delivery adjusting for maternal age, year of delivery, gestational age and smoking.

Results: There was a suggestive but non-significant increased risk for hypertension (OR 1.24, 95% CI 0.96-1.60), breech presentation (OR 
1.29, 95% CI 0.96-1.74), other malpresentation (OR 1.27, 95% CI 0.91-1.77), and placenta praevia (OR 1.88, 95% CI 0.70-5.04) in survivors 
compared to siblings. 

We found a significantly increased risk for induction of labor (OR 1.22, 95% CI 1.02-1.46), cesarean section (OR 1.17, 95% CI 1.01-1.36) and 
vaginal breech delivery (OR 2.37, 95% CI 1.04-5.41) among cancer survivors compared to female siblings. The risk for instrumental vaginal 
delivery and manual removal of the placenta were not, however, elevated among cancer survivors. 

Conclusion: Cancer survivors have an increased risk for induction of labor and cesarean section. Our findings suggest that survivor mothers 
have more hypertension and malpresentation than sibling mothers, both factors that could contribute to the increased risk for interventions. 

123. MATERNAL AND OBSTETRIC OUTCOMES IN SURVIVORS OF CANCER OCCURRING IN CHILDHOOD: EXPERIENCE FROM A 
TERTIARY CENTER Claude-Emilie Jacob, MD1, Caroline Laverdière, MD2, Emilie L’Ecuyer3, Annie-Kim Gareau-Labelle3, Line Leduc, CHU1

1Obstetrics-Gynecology, Sainte-Justine Hospital, Montreal, Owenee, Canada; 2Hemato-Oncology, Sainte-Justine Hopital, Montreal, Owenee, 
Canada; 3Sainte-Justine Hospital, Montreal, Owenee, Canada

Objective: To document maternal and obstetric outcomes in survivors of childhood cancer treated with chemotherapy alone or combined 
with radiation.

Study Design: We conducted a retrospective cohort study in our tertiary center. Women who presented a cancer < 21 y.o. and who 
subsequently had a pregnancy between 1989 and 2012 were included. Data on the diagnosis and treatment of neoplasia, maternal and 
obstetric outcomes were extracted from medical records. Outcomes of patients who received chemotherapy were compared with outcomes 
from the Canadian population in the document “Indicators Canadian Perinatal Health,” published in 2011 by Health Canada. Statistical 
analysis was carried out with the STATA software.

Results: Forty-seven survivors of childhood cancer (70 pregnancies) were included. The median age at diagnosis of neoplasia was 6.8 
years old (1st- 3rd quartile: 3.0 to 13.9 years). The two most common cancers were acute lymphoblastic leukemia (ALL) (34%), Hodgkin’s 
lymphoma (21%). The median interval between the diagnosis of neoplasia and pregnancy was 17.2 years (1st- 3rd quartile: 12.5 to 22.3 
years). The median age at first birth was 27.0 years old (1st- 3rd quartile: 23.9 to 30.6 years). Obstetric outcomes and Canadian data are 
reported in Table 1.

A pulmonary edema occurred in immediate postpartum in 4.3% of patients (3/70). This rate is higher than that found in the Canadian 
population (4.3% vs 0.12%, p <0.0001).

Conclusion: Women exposed to chemotherapy during childhood appear to have an increased risk of preterm birth as well as occurrence of 
cardiac events compared to the expected rate in the general Canadian population. Physiologic changes associated with pregnancy may worsen 
the previously weakened heart function in these patients. Cardiac complications suggest that women at risk should be identified and should 
receive appropriate cardiac assessment including echocardiogram performed in the first and third trimesters and in the postpartum period.

Table 1: Obstetric outcomes among survivors of childhood cancer

Chemotherapy +/-  
radiation

control group 
Canadian data 2004-2008

p

Preterm birth <37 weeks 23,2% (16/69)
7,9%  

(87112/1096753)
0.002

Preterm birth <32 weeks 13,0% (9/69)
1,2%  

(12590/1096753)
0.001

IUGR <10th percentile 10,1% (7/69)
8,0%  

(84845/1061990)
0.05

Hypertensive disorders 15,7% (11/70)
9,2%  

(12490/135466)*
0.06
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124. CARDIAC OUTCOMES WITH PREGNANCY AFTER CARDIOTOXIC CANCER THERAPY IN CHILDHOOD Kara A. Thompson, MD, Michelle 
Hildebrandt, PhD, Joann L. Ater, MD

The Children’s Cancer Hospital and the Departments of Cardiology and Epidemiology at UT MD Anderson Cancer Center, Houston, TX, USA 

Purpose: The purpose of our pilot study was to evaluate the cardiac outcomes of childhood cancer survivors who had pregnancies and were 
previously exposed to cardio-toxic treatment. 

Description of Project: We performed a chart review to identify women aged 16 to 55 years who had cancer diagnosed at age 20 years 
or younger, received treatment with anthracyclines and/or chest radiation (CRT), and survived over 5 years. Of 337 women identified, 58 had 
at least one pregnancy and a total of 86 children with median follow-up of 20 years. Two patients had CRT, 9 had CRT+anthracyclines, and 
47 received anthracyclines without CRT. Clinical and treatment characteristics for patients with cardiomyopathy were compared to those 
without. Data about timing of onset of cardiomyopathy, symptoms, and medication use were also collected and described. 

Results: Of the 58 women who had pregnancies, 16 had cardiomyopathy (27.6 %) defined as an EF < 50% and/or symptoms requiring 
medications in the perinatal period and 1 patient developed coronary artery disease with angina within one year after giving birth and 
died. One patient with cardiomyopathy also died of heart failure after deterioration in pregnancy. No patients died in the perinatal period. 
The patients with cardiomyopathy were significantly younger at diagnosis of cancer (mean 8.1 vs 11.7 yrs, p=0.011), had higher total 
anthracycline doses (mean 334.3 vs 246.1 mg/m2, p=0.014), and longer time from cancer treatment to pregnancy (16.9 vs 11.5 yrs 
p=0.005). Of the 15 surviving cardiomyopathy patients, 13 remained on cardiac medications at last follow-up and 7 had EF < 50%. 

Conclusions: Our findings suggest an increased risk of adverse cardiac outcomes in a subgroup of childhood cancer survivors who became 
pregnant. The risk was greater in patients with younger age at diagnosis, higher anthracycline dose, and longer durations between cancer 
diagnosis and pregnancy.

125. BREASTFEEDING IN DUTCH FEMALE SURVIVORS OF CHILDHOOD CANCER E. van Dulmen-den Broeder, PhD1, M.H. van den Berg, 
PhD1, A. Overbeek, MD1,2, C.B. Lambalk, MD, professor2, M. van Dijk, MSc1, W. van Dorp, MD, PhD3, L.C.M. Kremer, MD, PhD4, M.M. van den 
Heuvel-Eibrink, MD, PhD5,6, W.J.E. Tissing, MD, PhD7, J.J. Loonen, MD, PhD8, A.B. Versluys, MD, PhD9, D. Bresters, MD, PhD10, C.M. Ronckers, 
PhD4, G.J.L. Kaspers, MD, Professor1, F.E. van Leeuwen, Professor11, on behalf of the DCOG LATER-VEVO study group
1VU University Medical Center, Department of Paediatrics, Division of Oncology-Haematology, Amsterdam, The Netherlands; 2VU University 
Medical Center, Department of Obstetrics and Gynaecology, Amsterdam, The Netherlands; 3Erasmus MC-University Medical Centre Rotterdam, 
Department of Gynaecology and Obstetrics, Rotterdam, The Netherlands; 4Emma Children’s Hospital/ Amsterdam Medical Center, Department 
of Paediatric Oncology, Amsterdam, The Netherlands; 5Sophia Children’s Hospital/ Erasmus MC University Medical Center, Department of 
Paediatrics, Division of Paediatric Oncology/Haematology, Rotterdam, The Netherlands; 6Princess Maxima Center for Paediatric Oncology, 
Utrecht, The Netherlands; 7University of Groningen, University Medical Center Groningen, Department of Paediatric Oncology/ Haematology, 
Groningen, The Netherlands; 8Radboud University Nijmegen Medical Center, Department of Paediatric Oncology, Nijmegen, The Netherlands; 
9Wilhelmina Children’s Hospital/ University Medical Center, Department of Paediatric Oncology, Utrecht, The Netherlands; 10Willem-Alexander 
Children’s Hospital/ Leiden University Medical Center, Leiden, The Netherlands; 11Netherlands Cancer Institute, Department of Epidemiology, 
Amsterdam, The Netherlands

Purpose: The aim of the current study was to determine the frequency and duration of breastfeeding among Dutch 5-year female CCSs and 
to identify treatment related risk factors.

Methods: For this retrospective cohort study we invited 1717 adult female 5-year CCSs, treated for a malignancy between 1963-2002 and 
born before 1-1-1993. Siblings and females from the general population were used as controls (n=1705). Data on pregnancies, pregnancy 
outcomes, and (duration of) breastfeeding were collected by questionnaire. Multivariate logistic regression analysed the likelihood of not 
breastfeeding among females who reported a live birth. Only the first live birth was taken into account. In addition, treatment-related risk 
factors for not breastfeeding were assessed. 

Results: 1103 (64%) CCSs and 818 (48%) controls completed the questionnaire, and 317 and 337, respectively, reported at least one live-
birth. 58% of CCSs and 83% of controls breastfed their first live-born (p<0.0001) and among women who breastfed the median duration of 
breastfeeding was significantly shorter in CCSs (3.0 [0.1-22] versus 5.0 [0.1-37] months (p=0.002)). After adjusting for age at first live-birth, 
birth era of the child, age at questionnaire, BMI and educational level, CCSs were more likely to not breastfeed their first live-born compared 
to controls (OR 3.6 95% CI (2.6-5.5)). CCSs who received cranial RT were less likely to breastfeed compared to CCSs who received other 
forms of RT (OR 2.5 95% CI (1.06-5.9)) and the chances of breastfeeding decreased with increasing dose (1.03 95% CI (1.0-1.01)).

Conclusion: CCSs are less likely to breastfeed their first live-born compared to controls and CCSs who breastfeed do so for a significantly 
shorter period of time. Radiotherapy, in particular cranial radiotherapy, negatively affects the likelihood of breastfeeding a first live-born and 
the probability of not breastfeeding increases with increasing dose. 
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126. MALE INFERTILITY IN LONG TERM SURVIVORS AFTER CANCER TREATMENT IN CHILDHOOD- SINGLE INSTITUTION EXPERIENCE 
J. Kruseová1, P. Keslová1, J. Černíková2, S. Koloušková3, M. Ganevová1, M. Čepelová1, E. Kabíčková1, A. Makovská1, P. Sedláček1, J. Starý1 
1Department of Paediatric Haematology and Oncology Charles University, 2nd School of Medicine, Prague, Czech Republic; 2Centre for 
Reproductive Genetics Charles University, 2nd School of Medicine, Prague, Czech Republic; 3Department of Paediatric Endocrinology Charles 
University, 2nd School of Medicine, Prague, Czech Republic

Background: Today more than 80% of children with cancer can be cured. However, many cancer survivors are infertile due to gonadal 
failure following therapy. The purpose of this study was to look at the fertility status of our cured, male patients. 

Procedures: We compare results of spermiograms in three study groups: 101 spermiograms in male after solid tumor treatment , 23 in 
male after leukemia treatment with allogeneic transplantation and 201 in male, who had not had a cancer and who had a spermiogram 
in the department of reproductive medicine. The analysis at both treatment group focussed also on spermiograms results correlating with 
FSH,LH,testosterone level during follow up (number of measurements N=421), treatment and age at diagnosis.

Results: Cancer survivors had significantly higher sperm abnormalities than the control group. After allogeneic transplantation 87% 
male had azospermia or oligospermia, 71% after solid tumour treatment, compared to 22% in the control group (p< 0,001). Abnormal 
spermiograms in survivors with solid tumours were associated with elevated FSH (p< 0,001), treatment with Cyclophosphamide and 
Procarbazine (p=0,006) and younger age at diagnosis (p=0,003). Survivors after leukemia with allogeneic transplantation had correlation 
↑FSH and abnormal spermiograms (p=0,041). 

Conclusions: There is a significantly higher incidence of sperm abnormalities in cancer survivors. There is positive correlation between 
↑FSH and abnormal spermiograms in both treatment group and age at diagnosis after solid tumour. All males with reproductive potential 
should be made aware of the possible treatment–related infertility and be offered appropriate fertility options before cancer treatment starts. 
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