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Total
ALL
AML

328,652
49,271
6,355

Hodgkin
NHL
CNS

,
31,598
18,668
51 650CNS

Neuroblastoma
Renal

51,650
16,141
20,411

Osteosarcoma
Ewing sarcoma

Soft tissue sarcoma

8,145
3,947

27,544,

* Source: NCI Office of Cancer Survivorship, Mariotto et al, CEBP, 2009



Selected Health-Related Outcomes of 
Childhood Cancer Survivors

Cardiac/vascular     Neurocognitive
Cytogenetic Ophthalmologicy g p g
Dental Orthopedic
Endocrinologic Psychosocial
Ed ti l P lEducational Pulmonary
Gastrointestinal Renal
Hearing ReproductionHearing Reproduction
Hepatic Second Cancers
Neurologic Skeletalg



Issues in Survivorship Research
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Host Factors
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M. Hudson, Cancer, 2005



Assessment of Risk for Late EffectsAssessment of Risk for Late Effects  
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Childhood Cancer Survivor Study  (U24 CA 55727)

Participating CentersParticipating Centers

Coordinating Center

Contributing Institutions
Resource CenterResource Center



Childhood Cancer Survivor Study (U24 CA55727)

• Funded in 1994 20,720      Eligible
Lost (n=3017)

• Retrospective Cohort, 
diagnosed 1970-1986

26 Contributing Centers

Lost (n=3017)

17,703      Contacted
R f l ( 3189)• 26 Contributing Centers

• 5-Year Survival (median 
age=23yrs, range 5-45)

Refusal (n=3189)

14,372      Participantsage 23yrs, range 5 45)

• Leukemia, Lymphoma, CNS, 
Bone, Wilms, NBL, Soft-
i

p

5796 Stored DNAtissue sarcoma

• Detailed Treatment Data, 
Wide Range of Outcomes

5796       Stored DNA

Cohort Expansion:Wide Range of Outcomes

• 100+ Publications since 2001
1987-1999
n=20,729



Role of Radiation Exposure Among g
Selected Outcomes

• Knowledge of RT Exposure
• Health Status
• Late Mortality
• Second Neoplasmsp
• Obesity
• Pulmonary FunctionPulmonary Function
• Thyroid Function
• Chronic Health Conditions• Chronic Health Conditions



Adult Survivors’ Knowledge of the Cancer 
Diagnosis and Radiation Therapy Exposure

• Survivors generally 
knew the type of cancer

Accurate Dx Inaccurate Dx

Diagnosis and Radiation Therapy Exposure

knew the type of cancer 
they had.

• 89% accurately recalled ns
e

72%

whether they were 
treated with RT

• 10% of those noty 
of

 R
es

po
n

• 10% of those not 
exposed thought they 
wereFr

eq
ue

nc
y

20%

• >10% of Wilms, ALL, 
and Neuroblastoma did 
not know if they hadCorrect, 

S ifi
Correct, 

N
“Cancer” Incorrect Don’t 

K

2% 3% 3%

not know if they had 
been treated with RT

Specific Non-
Specific

or
“Tumor”

Know

Kadan-Lottick, et al,  JAMA, 2002



Health Status Among 5+ Year SurvivorsHealth Status Among 5+ Year Survivors

Health Domain Survivors
General health 10 6%General health 10.6%
Functional status 11.8%
Activity limitation 13 4%Activity limitation 13.4%
Mental health 12.6%
Pain 10.2%Pain 10.2%
Anxiety/fears 13.2%
Any health domain 41.3%y

Hudson et al,  JAMA, 2004



Health Status Among 5+ Year SurvivorsHealth Status Among 5+ Year Survivors

RT Exposed
Health Domain Survivors
General health 10 6%

RT-Exposed
Survivors

11 4%General health 10.6%
Functional status 11.8%
Activity limitation 13 4%

11.4%
12.6%
11 9%Activity limitation 13.4%

Mental health 12.6%
Pain 10.2%

11.9%
17.8%
9.5%Pain 10.2%

Anxiety/fears 13.2%
Any health domain 41.3%

9.5%
13.9%
44.0%y

Hudson et al,  JAMA, 2004



Risk* of Adverse Health Status by RT 

H d Ch t B i

y
Exposure Among 5+ Year Survivors

Health Domain 
General health

Head
Brain

Chest
Mantle

Brain
Chest Other

1 5 1 4 1 4 1 4General health
Functional status
Activity limitation

1.5
2.1
1 3

1.4
1.1
1 3

1.4
3.6
2 0

1.4
1.4
1 2Activity limitation

Mental health
Pain

1.3
1.0
1.5

1.3
1.1
1.4

2.0
1.1
3.4

1.2
1.1
1.5Pain

Anxiety/fears
Any health domain

1.5
1.1
1.4

1.4
1.2
1.2

3.4
1.2
2.1

1.5
1.2
1.2y

Hudson et al,  JAMA, 2004

* Odds Ratio Adjusted for Age, Sex, Race, Surgery, and Chemotherapy



Late Mortality Among 5+ Year Survivors
All cause Mortality

US Female1.
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All-cause Mortality

All Cause Mortality
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Cardiac 7 0 5 9 8 2

SMR         95% CI

All Cause Mortality
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0.
85

Cardiac  7.0       5.9  – 8.2
Pulmonary  8.8       6.8  – 11.2

RT Associated Risk of Death20%
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75 SMN  2.9       2.1  – 4.2 

RR*         95% CICause of Death

RT-Associated Risk of Death20%

Male

0.
70

0

5 15 25 35

Cardiac  3.3       2.0  – 5.5
Pulmonary  1.4       0.7  – 2.9
Other causes 2.0       1.3  – 3.1

25%

5 15 25 35

Years since diagnosis

Mertens, et al, JNCI, 2008

* Adjusted for age, sex, year of dx, follow-up, anthracycline 
dose, epidodophyllotoxin dose, Bleomycin dose



Second Neoplasms Occurring 5+ years (n=1039)
Including Nonmelanoma Skin Cancer

25%
Original Diagnoses (n=14,131)
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Second Neoplasms Occurring 5+ years (n=1039)
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Second Malignancies Occurring 5+ years (n=1039)
Including Nonmelanoma Skin Cancer
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Second Malignancies Occurring 5+ years (n=1039)
Including Nonmelanoma Skin Cancer
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Subsequent Neoplasm Among Long-term 
Survivors of Childhood CancerSurvivors of Childhood Cancer
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Radiation-Associated Risk of Second 
Malignancies in Childhood Cancer Survivors

Neglia J, et al.
J Natl Cancer Inst, 98:1528-37, 2006
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Sigurdson A, et al.
Lancet, 365:2014-23, 2005

Malignancies in Childhood Cancer Survivors

200
400

1000

600
800

1200

30

35

70

80

90

Meningioma

e 
R

is
k

20

25

30

40

60

50

R
el

at
iv

e

10

15

10

20

30

0

Glioma

0

5

Thyroid -
Linear 
Exponential 

0 10 20 30 40 50 600 10 20 30 40 50 60
0

Dose in Gy
0 10 20 30 40 50 60

0

Dose in Gy



Cumulative Incidence of Breast Cancer in Adult 
Female 5+ Year Survivors of Childhood CancerFemale 5+ Year Survivors of Childhood Cancer 
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Kinney et al.  Ann Intern Med 2004: 141:590-97



Radiation-Associated Risk of Breast Cancer 
in Childhood Cancer Survivorsin Childhood Cancer Survivors
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Inskip, et al, J Clin Oncol, in press



Radiation-Associated Risk of Breast Cancer 
in Childhood Cancer Survivorsin Childhood Cancer Survivors
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Obesity During ChildhoodObesity During Childhood

• Obesity in childhood adolescence and young adulthood• Obesity in childhood, adolescence, and young adulthood 
is an important predictor of Type 2 Diabetes, 
Hypertension, dyslipidemia, and ultimately CVD

• Risk of death from all causes, CVD, and cancer 
increases throughout the ranges of being overweight and 
bobese 



Risk of Obesity Among Adults Survivors of 
Childhood ALL Cranial RT >20 Gy (n=841)Childhood ALL Cranial RT >20 Gy (n=841) 

• Obesity in childhood adolescence and young adulthood• Obesity in childhood, adolescence, and young adulthood 
is an important predictor of Type 2 Diabetes, 
Hypertension, dyslipidemia, and ultimately CVD

• Risk of death from all causes, CVD, and cancer 
increases throughout the ranges of being overweight and 
b

Odds Ratio* 95% CI

obese 

Females 2.59 1.88 - 3.55
Males 1.86 1.33 - 2.57 

Oeffinger et al, J Clin Oncol, 2003

* Age and Race Adjusted Compared to Sibling Cohort



Risk of Obesity Among Female Adults 
Survivors of Childhood ALL

Females: Cranial RT > 20 Gy

Survivors of Childhood ALL

Age at Dx OR* 95% CI

Females:  Cranial RT > 20 Gy

0-4 3.81 2.34 - 5.99

5-9 2.30 1.39 - 3.59

10-14 2 16 1 11 - 3 6110-14 2.16 1.11 - 3.61

15-21 0.88 0.00 - 2.63

Oeffinger et al, J Clin Oncol, 2003

* Age and Race Adjusted



Mean Body Mass Index Among 706 Long-term 
Survivors of Childhood ALL with >20 Gy Cranial RT
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p=0.39 p=0.02

24

Baseline Follow-up Baseline Follow-upAssessment

25.9 yrs.Mean Age 33.7 yrs. 26.2 yrs. 34.0 yrs.

Garmey et al. , J Clin Oncol, 2008
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Mean from Dx 19.0 yrs.

y
26.8 yrs.

y
19.0 yrs.

y
26.9 yrs.



Pulmonary Complications Among Childhood 
C S i

• Five year survivors were6.
0 Lung Fibrosis

Cancer Survivors

Five year survivors were 
3.5-times more likely to be 
diagnosed with lung 
fibrosis, 5-times more likely [%

]

0
6

Both

Chest XRT only

Lung Fibrosis

, y
to experience recurrent 
pneumonia, and 3-times 
more likely to require e 
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4.
0

y q
supplemental oxygen.

• Survivors treated with lung 
irradiation were 4 3 times
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2.
0 Pulmonary-toxic

chemotherapy

Neither irradiation were 4.3-times 
more likely to have lung 
fibrosis.5.0 10.0 15.0 20.0 25.0

0.
0

Neither

Years since diagnosis

Mertens et al., Cancer, 2002



Thyroid Dysfunction Among Survivors of 
Hodgkin’s Disease

• Among 1791 five year survivors 

Hodgkin’s Disease

g y
of Hodgkin Disease, 34% were 
diagnosed with at least one 
thyroid abnormality.

• Hypothyroidism was the most 
common abnormality with a 
relative risk of 17.1 (p<0.001).relative risk of 17.1 (p 0.001).

• Increasing dose of radiation to 
the thyroid, older age at 
diagnosis of Hodgkin diseasediagnosis of Hodgkin disease, 
and female sex were all 
independently predictive of 
hypothyroidismhypothyroidism.

Sklar et al., J Clin Endocrinol Metab, 2000



Chronic Health Conditions Among 5+ Year 
Survivors of Childhood Cancer

• 10,397 survivors, diagnosed 1970-1986

Survivors of Childhood Cancer

• 3,034 siblings

Grading of conditions: CTCAE v3 0Grading of conditions: CTCAE v3.0 

Common Terminology Criteria for Adverse Events 

• Grade 1 Mild
• Grade 2 Moderate 
• Grade 3 Severe
• Grade 4 Life-threatening or disabling
• Grade 5 Death• Grade 5 Death

Oeffinger KC, et al. N Engl J Med, 2006



Cumulative Incidence of Chronic Health 
Conditions in Survivors by Grade
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Relative Risk* of Chronic Health Conditions 
i S i C d ith Sibli
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Relative Risk* of Chronic Health Conditions 
i S i C d ith Sibliin Survivors Compared with Siblings
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OTHER OUTCOMESOTHER OUTCOMES
ASSOCIATED WITH
RADIATIONRADIATION
EXPOSURE

• Neurocognitive
• Fertility/Gonadal
• Cardiac/Stroke/VascularCardiac/Stroke/Vascular
• Growth
• Dental
• Vision• Vision
• Auditory
• Metabolic Syndrome
• Quality of Life



Childhood Cancer Survivor Study (U24 CA55727)y

• CCSS is an NCI-funded Resource

• Available to Researchers

• Analysis and Publication of Existing Data

U f Bi l i l S l• Use of Biological Samples

• Investigator Initiated Research - Grants

• Interventional Research

stj de org/ccss• www.stjude.org/ccss





www.stjude.org/ccss


