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Burden of Morbidity in Childhood Cancer Survivors

Severe/ Life-threatening
Chronic Health Conditions
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Cumulative Cause-specific Mortality among 5-year Childhood Cancer Survivors
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Clearly-defined association between therapeutic
exposures and specific chronic health conditions
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“TRADITIONAL EPIDEMIOLOGY”

Therapeutic Adverse
Exposure | 3 » Outcome

“MOLECULAR EPIDEMIOLOGY”
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Case-control study of key adverse events after childhood cancer
COG ALTEO3N1

Leukemia/ Lymphoma Society
National Cancer Institute (RO1 CA139633)

National Cancer Institute (R35 CA220502)
The V Foundation



Children’s Oncology Group Study — ALTEO3N1

Study Design

Eligibility - Cases Eligibility - Controls
1.Individuals diagnosed with 1. Individuals diagnosed with
a primary cancer at age 21 Matching Criteria a primary cancer at age 21
years or younger Primary cancer diagnosis years or younger
2.Subsequent development Year of diagnosis (+5y) 2. No evidence of key adverse
of a key adverse event Race/ethnicity events
Time since primary cancer
Collect DNA from Self-report of
Cases and controls comorbidities Source documentation (Cases only)

Osteonecrosis (diagnostic radiology)

Subsequent neoplasms (pathology report)
E—— Congestive Heart Failure (echocardiogram report)

E = [F Stroke (diagnostic radiology)

cases and controls



Cardiac Toxicity in Cancer Survivors

Cardiomyopathy - congestive heart failure ®

30 - 27.59
Risk factors 25 1 Adjusted for age at
Anthracycline chemotherapy ,0 | diagnosis, sex and 23.47
. . chest radiation
Risk modifiers 15 |
Chest radiation 9 J Clin Oncol, 2012
® 10
Young age at exposure o
V) 3.69 7.23
Female sex S 5 65 3.85
@)
. ] 0 | I I
~60% of children exposed to high-dose 1100  101-150  151-200  201-250 251300 300+

anthracyclines develop cardiotoxicity Anthracycline dose

Circulation, 2013

5-year survival rates of less than 50% after CHF diagnosis
N Engl J Med, 2000



Inter-individual variability in risk of anthracycline-related cardiomyopathy
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Role for genetic
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1 Anthracycline

Drug
Transport/metabolism

v v

Dox-quinone Dox-ol

NAD(P)H
NAD(P)H |

' ' Aconitase/IRP1
oxidase multi- Dox- conlta*se/

VARl l2 | semiquinone* Loss of Fe
Homeostasis

0,*/H,0,
I

!

TROS

Pathogenesis of 4
. Mitochondrial dysfunction
cardiomyopathy

Myocyte apoptosis

Funding: l

62771-11LLSTRP Maladaptive LV Remodeling

R35 CA220502
The V Foundation )
Heart Failure




Drug
Transport/metabolism

NAD(P)H
NAD(P)H

oxidase multi-
enzyme complex

Pathogenesis of
cardiomyopathy

1 Anthracycline

i

v

Dox-quinone

Dox-
semiquinone*

0,*/H,0,
I

v

Dox-ol

Aconitase/IRP1

v
Loss of Fe

Homeostasis

!

TROS

U

Mitochondrial dysfunction

Myocyte apoptosis

|

. Candidate gene approach
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Drug Transport/metabolism 1 Anthracycline
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Risk prediction models for anthracycline-related cardiomyopathy

1.00 -
Final Model (AUC=0.88)
0.75
Clinical + Genetic Model (AUC=0.86) [ P <0.0001
:‘f; Clinical Model (AUC=0.80)
® 050 - .
T
“ 18
16.9
0.25 16
14
12
] | 10
0.00 0.25 0.50 0.75 1.00 3
1 - Specificit - 77
- Specificity o 6
e 5.1
. e 4 3.6
Prediction model was successfully replicated in CCSS ” 26 '
* Final Model performed significantly better than the § 2 1.4
0

Clinical Model, P=0.02.
Intermediate Risk High risk
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Subsequent Neoplasms

Case-control study of key adverse events after childhood cancer
COG ALTEO3N1

Leukemia/ Lymphoma Society
National Cancer Institute RO1 CA139633
National Cancer Institute R35 CA220502




Background

e Childhood cancer survivors are at a 10-fold increased risk for developing histologically
distinct subsequent CNS tumors c/w general population

e High-grade gliomas and meningiomas are most common types of subsequent CNS tumors

e significant morbidity and mortality
e Five-year survival is <20% for gliomas

 Meningiomas are often accompanied by significant morbidity

JNCI. 2010
Lancet Oncol. 2013



Risk factors The risk for subsequent CNS tumors demonstrates a linear
relation with radiation dose

 Exposure to
cranial
radiation is
the major risk
factor

e Therisk is
especially
increased
after
exposure to
radiation at a
very young
age



Risk factors 1200 . Therisk for subsequent CNS tumors

1000 - . . . .

soo .| demonstrates a linear relation with radiation

600 -

400 - dose

200 .

 Exposure to 2 |
cranial 90 -
radiation is 80 _
the majorrisk | &
factor ; Meningioma
> 60 /
..c_sa L]
e Theriskis < 50 - /
especially 40 - )
increased 30 | /
y Glioma
after 20 - T 4 _
= N
exposure to 10
radiation at a 0 — I [ | | |
very young 0 10 20 30 40 50 60
age .
Dose in (Gy)

JNCI. 2010



Cranial radiation dose and subsequent CNS tumors

- inter-individual variability in risk
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Role for Genetic Susceptibility?

Candidate gene approach

 Examined genetic variants associated with de novo brain tumors




Replication of Candidate SNPs — Results

rs15869 Chr13 0.32 0.19 BRCA2 DNA repair
rs1805389 Chri3 0.09 0.04 LIG4 DNA repair
rs1673041 Ch19 0.29 0.24 POLD1 DNA repair
rs8079544 Ch17 0.2 0.07 TP53 DNA damage response
rs25489 Ch19 0.2 0.07 XRCC1 DNArepair
rs11615 Ch19 0.29 0.24 ERCC1 DNArepair




Mutational
burden

Mutational
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v Specific
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Subsequent
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Proposed Pathogenesis of Subsequent CNS tumors
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Risk prediction models for subsequent CNS tumors

Sensitivity
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Final Model
AUC=0.81
P=0.002

Clinical Model rs15869 [BRCAZ2]
AUC=0.73 rs8079544[TP53]

, rs498872 [PHLB 1]
Genetic Model
AUC=0.71 rs1673041[POLD1]

rs25489 [XRCC1]

Base Model rs11615 [ERCC1]
AUC=0.59 rs828699 [XRCC5]

Replication case-control set
e AUC,, 73%
 AUC, 89%

0.75 1.00

J Clin Oncol, 2017;35:3688-96
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Odds ratio

Radiation increases the risk of breast ca

Breast Cancer Risk by Radiation Dose

40

J Clin Oncol, 2009

30+

20+

Dose to breast (Gy)

Radiation-induced Breast Cancer

Increased risk similar to BRCA mutation

50% -

40% A

30% A

20% A

10% A

0%

NEJM, 1996
19% at 45y
agein yrs
10 20 30 40 50 60



Radiation-induced Breast Cancer

Endogenous estrogen modifies breast ~ The only FDA-approved
— — chemopreventive option in both
] re- and post-menopausal
16 J Clin Oncol, 2009 P P P

14 - women is tamoxifen

12 -

0 Estrogen-blocking interventionis

expected to prevent radiation-induced
breast cancer in survivors

~ (o))
! !




Low Dose Tamoxifen for Radiation-Induced Breast Cancer Risk Reduction

Q Endpoints
Survivors of N | Tamoxifen 5 mg x 2y 1° MBD
childhood or AYA E ettt
cancertreated . O Sl
with chest _g 2°Circulating
radiation © Placebo x 2y Markers
* Female, 225 yr old =
e 212 Gyatage<40y
* NED for 2+y
e Has at risk tissue

T E A Mammogram Mammogram

Funding: .
RO1 CA140245 RPFNA/ Blood/ Urine  Blood/ Urine RPENA/ Blood/ Urine



Low Dose Tamoxifen for Radiation-Induced Breast Cancer Risk Reduction
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CHILDREN'S
ONCOLOGY
GROUP

The world's childhood
cdincer experls

Long-'['erm COG Long-term
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g : Guidelines for
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] Childhood,
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Version 5.0 - October 2018
Young Adult Cancers

www.survivirshipguidelines.org

Website: www.survivorshipguidelines.org

Copyright 2018 @ Children’s Oncology Group
All rights rezerved worldwide
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Modification of Therapeutic Exposures

e Elimination of cranial radiation therapy for children with standard/ low risk
acute lymphoblastic leukemia

e Reduction in risk of secondary brain tumors and cognitive impairment

e Reduction in dose of radiation and field of chest radiation

e Reduction in risk of secondary breast cancer, pulmonary toxicity, coronary artery disease

e Reduction in anthracycline dose

e Reduction in risk of cardiomyopathy

e Reduction of dose and type of alkylators

e Reduction in risk of secondary leukemia



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Reduction 1n Late Mortality among 5-Year

Survivors of Childhood Cancer

A Death from Any Cause
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Estimated number of cancer survivors in the US (1975 to 2016)
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Burden of Morbidity in Adults with Acute Myeloid Leukemia
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