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Chronic Disease Working Group

The Childhood Cancer Survivor Study

• Next 10 yrs of CCSS may be more 
significant than the previous 10 yrs

• CCSS (and the CDWG) is a team sport
• CCSS is a unique resource for chronic 

disease research
• Early Career Investigators can (still) thrive 

in CCSS



Chronic Disease Working Group

The Childhood Cancer Survivor Study

• AOI / Concept Proposals (pages 43-47)
• Organ systems / exposures / outcomes
• CTCAE update
• Selected publications since last meeting
• Career Development Awards
• Selected current analyses
• Intervention studies (w/ Cancer Control WG)
• Future directions



Chronic condition 
categories

Therapeutic
exposures

Cancer groups

Vision Radiation ALL
Hearing Body areas AML
Speech Dosimetry Other leukemia
Endocrine Chemotherapy Medulloblastoma
Respiratory Yes/no Other CNS
Cardiac Cumulative dose Hodgkin lymphoma
Gastrointestinal CED NHL
Renal Doxo-equivalent Neuroblastoma
Musculoskeletal Combinations Wilms tumor
Neurologic Surgery Soft tissue sarcoma
Other hematologic Osteosarcoma
Infection Ewing sarcoma



Common Terminology Criteria for Adverse Events

The Childhood Cancer Survivor Study

• Original NEJM analysis: 114 conditions
• Aging / expansion cohort: exponential 

increase in the number of conditions
• Universal need for standardized grading 

that is generalizable, transparent, and can 
be refined

• CTCAE task force: Sklar, Hudson, Nathan, 
Armstrong, Chow, Tonorezos, Mostoufi-Moab, Wells, 
Gibson, Smith, Barnea, Stratton, Leisenring



Selected Publications
2013-2015



• NCI / SEER and CCSS
• Innovative strategy to estimate burden of 

morbidity in United States
• Representativeness of the CCSS cohort
• Potential for economic and policy evaluations



Aging and Risk of Chronic Conditions

Armstrong GT, et al. J Clin Oncol, 2013

Innovation

• Age as a time scale
• Conditional cumulative 

incidence curves
• Concept of aging



Risk of Grade 3-5 Cardiac Events

Armstrong G, et al. J Clin Oncol, 2013

Coronary Artery Disease

Valvular Disease

Arrhythmia

Heart Failure
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Interaction between treatment 
exposure * comorbidities

Opportunity with longitudinal design to 
begin to investigate time sequence of 

comorbidities leading to outcome

Armstrong G, et al. J Clin Oncol, 2013



Lifestyle*Exposure
(adjusting for chronic morbidity)



International Collaboration
Childhood Cancer Survivor Study

Emma Children’s Hospital
National Wilms Tumor Study

St. Jude Lifetime Cohort





https://ccss.stjude.org/your‐resource/calculators‐and‐other‐tools/ccss‐chf‐risk‐calculator.html







• For many / most screening tests in cancer 
survivors, we will not be able to conduct RCT 
to assess for a reduction in mortality

• Will need to rely upon micro-simulation / cost-
effectiveness models to inform us regarding 
the trade-offs of different decisions



Doxorubicin-Equivalent Dose

The Childhood Cancer Survivor Study

Historical doxorubicin equivalence ratios 
(based on hematologic toxicity) 

Group(s) using 
referenced ratio Doxorubicin Daunorubicin Idarubicin Epirubicin
Children’s Oncology Group 
(v4.0) 1 1 5 0.67
Childhood Cancer Survivor 
Study 1 1 3
Dutch Childhood Oncology 
Group LATER 1 1 0.67



Doxorubicin-Equivalent Dose

The Childhood Cancer Survivor Study

Historical doxorubicin equivalence ratios 
(based on hematologic toxicity) 

Group(s) using 
referenced ratio Doxorubicin Daunorubicin Idarubicin Epirubicin
Children’s Oncology Group 
(v4.0) 1 1 5 0.67
Childhood Cancer Survivor 
Study 1 1 3
Dutch Childhood Oncology 
Group LATER 1 1 0.67

International Collaboration (2)
Childhood Cancer Survivor Study

Emma Children’s Hospital
National Wilms Tumor Study

St. Jude Lifetime Cohort



Average ratio 
daunorubicin : doxorubicin

0.5 (0.3-0.7)

Dose in mg/m² 
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Feijen L, et al. J Clin Oncol, in press



Validated outcomes:
• Cardiomyopathy (10%) 
• Global hypokinesia with normal EF (4%)
• Diastolic dysfunction  (8%)
• Pulmonary hypertension (4%)
• Left ventricular hypertrophy (4%)



• Develop method for 
quantifying alkylating 
agent exposure that 
does not depend on 
study dose distribution 
and normalizes for 
individual agent 
exposure.

• Dose equivalents based 
on published 
hematological toxicity 
data when available.

Drug Dose (mg/m2)

Cyclophosphamide 100
Ifosfamide 409
Procarbazine 117
Chlorambucil 7
BCNU 6.7
CCNU 6.3
Nitrogen mustard 1
Busulfan 11.3
Thio-TEPA 2

Green DM, et al., Pediatr Blood Cancer 2014;61:53-67

Cyclophosphamide-Equivalent Dose



Number of Participants         31     36      35                     3       27     29                      1      19      33
Normospermia              Oligospermia               Azoospermia

CED
■ ≤ 4000 mg/m2

■ > 4000 to ≤ 8000 mg/m2

■ > 8000 mg/m2

Green DM, et al., Lancet Oncol 2014;15:1215-1223

Sperm Concentration Groups by CED



Can we predict outcomes for standard risk ALL 
survivors treated with contemporary therapy?
• CCSS 1970-1986, age 1.0-9.9 yrs with ALL
• Model based upon contemporary ALL therapy
• Mortality, chronic conditions, health status





What are some of our 
current concepts?



Career Development Award

The Childhood Cancer Survivor Study

• Sogol (Goli) Mostoufi-Moab (2013)
Overall risk of Chronic Endocrine Disorders in Adult Survivors of 
Childhood Cancer

• Danielle Novetsky Friedman (2015)
Impact of radiation dose to the pancreas on subsequent risk of 
diabetes mellitus

• Adam Esbenshade (2015)
Using the Cumulative Illness Rating Scale to characterize the burden 
of chronic conditions

• Miranda Fidler (2015)
Comparison of risks for mortality and subsequent cancers in the 
CCSS and the BCCSS



The Childhood Cancer Survivor Study

• Determine if more contemporary chemotherapy agents and 
treatment combinations, specifically those that include 
ifosfamide and platinum-containing agents, are associated 
with a differential likelihood of male and female fertility 
compared with regimens that do not contain these agents 
among the entire CCSS population.

• Apply classification and regression tree (CART) methods to 
determine which chemotherapy agents and agent-dose 
combinations will be most strongly associated with a lower 
likelihood of fertility. 

Fertility following Contemporary Chemotherapy 
in Childhood Cancer Survivors 

Eric Chow



The Childhood Cancer Survivor Study

1. Estimate all-cause and cause-specific mortality for 5+ year 
survivors of Hodgkin lymphoma diagnosed 1970-1999 and 
compare by era of therapy and by major treatment groupings.

2. Determine the incidence of chronic health conditions and 
compare by era of therapy and by major treatment groupings.

3. Estimate risks of chronic health conditions (any condition, grade 
3-5 conditions, multiple grade 3-5 conditions) with contemporary
HL therapy - use data from CCSS to create groups with similar 
exposures to two contemporary Children’s Oncology Group 
(COG) protocols – AHOD 0031 and AHOD 0431. 

4. Merge data with Dutch HL cohort to look more closely at 
treatment exposures and trade-offs (combined data almost 5,500 
HL survivors).

Contemporary Risk-Adapted Therapy for 
Hodgkin Lymphoma: What are the Trade-Offs?

Kevin Oeffinger



• 24-month RCT comparing the effect of a web-
and telephone-based weight loss intervention 
(led by Healthways at Hopkins) to general 
information about weight loss and healthy living 
(control).

• Calculate the effect of the diet and physical 
activity intervention, compared to self- directed 
weight loss, on three key metabolic biomarkers:
– a. Fasting insulin
– b. Leptin:adiponectin ratio
– c. Small, dense LDL

Emily Tonorezos



1. Determine the prevalence of underdiagnosis and 
undertreatment of conventional CV risk factors (i.e., 
hypertension, dyslipidemia, and diabetes) among CCSS 
participants predicted to be either high (n=600) or low risk 
(n=200) for future serious CV disease (i.e., ischemic heart 
disease, cardiomyopathy/heart failure) on the basis of their 
original cancer treatment exposures (e.g., chest 
radiotherapy, anthracycline doses).

Improving treatment of cardiovascular risk factors 
in childhood cancer survivors

Eric Chow – R01 grant application in review



2. Among survivors found to be underdiagnosed or 
undertreated (Aim 1), in a randomized controlled design, 
compare changes in blood pressure, lipid, and blood 
glucose values from baseline to 1-year between those 
receiving the intervention (providing clinical results and 
survivorship care plans [SCPs] to participants and their 
healthcare providers, supplemented by clinician-led remote 
counseling sessions with participants to review SCP 
contents and teach CV risk factor self-management 
strategies) vs. control (providing clinical results to 
participants and their healthcare providers; can receive the 
full intervention on a delayed basis).

Improving treatment of cardiovascular risk factors 
in childhood cancer survivors

Eric Chow – R01 grant application in review



1. Develop a Childhood Cancer Survivorship 
Simulation Model

2. Estimate the lifelong magnitude and heterogeneity 
in disease burden associated with late effects 
among childhood cancer survivors

3. Assess the comparative effectiveness of 
secondary cancer screening strategies to improve 
long-term outcomes among at-risk survivors

Refining Risk-based Follow-up Guidelines 
To Improve Childhood Cancer Survivorship 

Jennifer Yeh – R01/ACS grant applications in review



Where are we going?



Collaboration is a Requirement

The Childhood Cancer Survivor Study

• Between CCSS Working Groups
• With other cohort studies / investigators
• Engaging non-CCSS specialists
• Collaboration enriches both the science and the 

impact of the results



Impactful / Practice Changing Research

The Childhood Cancer Survivor Study

• Treatment*Lifestyle*Comorbidity*Genetic Variant
• Newer chemotherapy combinations (or larger 

numbers) with and without radiation
• More contemporary radiation doses and fields
• Risk prediction / micro-simulation / cost-effective
• How chronic conditions predict psychosocial 

outcomes - how psychosocial outcomes predict 
future morbidity

• Innovative longitudinal analyses
• Interventions to reduce selected morbidities and 

overall burden of morbidity



Key Questions

The Childhood Cancer Survivor Study

• Do lifestyle changes influence the development of 
chronic diseases? (pathway analysis)

• What are the key factors explaining variance in 
hearing loss among childhood cancer survivors 
treated with cisplatin?

• What are the key chronic diseases that contribute 
to accelerated aging?

• Kevin, what about analyzing __ cancer group?
• Has reduction in whole brain / posterior fossa

radiation dose with concurrent chemotherapeutic 
intensification resulted in better long-term 
outcomes among medulloblastoma survivors?



What about case-control studies?

The Childhood Cancer Survivor Study

• Ancillary studies to gather more detailed 
information / international or large collaborations

• Neurologic sequelae associated with a 
meningioma

• Hypertension post radiation – kidney / renal artery 
dose, comorbidities (insulin resistance, obesity), 
and genetic variants

• Cardiovascular disease in long-term survivors 
who had established growth hormone deficiency 
during childhood



Thanks
(to the many, many investigators 

working on chronic disease projects)

Questions?


