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» Moving from risk to risk reduction

* Two models for research and clinical care
of post radiation sequelae

— Breast cancer (younger age at exposure)
— Coronary artery disease (any age at exposure)

» Future directions

“ Remember: radiation is critically important
in curing the primary cancer

Cumulative incidence of chronic physical health conditions
among 10,397 young adult survivors of childhood cancer

Childhood Cancer Survivor Study
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Cumulative incidence of chronic physical health conditions
among 10,397 young adult survivors of childhood cancer

Childhood Cancer Survivor Study
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Morbidity following Adult Cancer

« To date, some studies looking at specific

outcomes (SMN, cardiac) in specific cancer
populations (Hodgkin lymphoma, testicular
cancer)

¢ No overall estimates of morbidity

¢ U-shaped curve by age?
— Younger age: developing organs
— Mid-age: interaction of therapy with comorbid

health conditions
— Older age: senescent organs

Breast Cancer After Treatment of

Hodgkin’s Disease
Steven L. Hancock, Margaret A. Tucker, Richard T. Hoppe*

Journal of the National Cancer Institute, Vol. 85, No. 1, January 6, 1993
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Mantle Field

Hodgkin’s lymphoma S
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Image courtesy of Suzanne Wolden, MD

Involved Field, Mediastinum

« Hodgkin’s lymphoma

« Non-Hodgkin
« Neuroblastoma

1500 — 3500 cGy

Image courtesy of Suzanne Wolden, MD

Cumulative incidence of breast cancer among women treated for a
childhood cancer with chest radiation and BRCA mutation carriers

Childhood Cancer Survivor Study and WECARE Study
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Breast cancer risk, dose and volume
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Younger age at radiation exposure is associated

with increased risk of breast cancer

32,591 HL patients in 16 population-based registries

Age at HL RR AER
< 21yrs 14.2 18.6
21-30 3.7 12.9
31-40 1.2 2.6

Dores GM, et al. J Clin Oncol, 2002
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Characteristics of Breast Tumors

- Median age is young

« Interval from radiation to breast cancer is
often short (10-20 yrs)

- Upper outer quadrant (inner quadrant)
- Updated CCSS data

e 26% bilateral: 12% synchronous, 14% asynchronous
* 55% w/ bilateral mastectomy at time of 1t diagnosis

Outcomes of Breast Cancer

« 5-yr survival strongly associated with stage

at diagnosis (women with early stage
disease have good outcomes)

- Limitations in therapy
 Further radiation?

» Anthracyclines (doxorubicin)

REVIEW Annals of Internal Medicine

Systematic Review: Surveillance for Breast Cancer in Women Treated

With Chest Radiation for Childhood, Adolescent, or Young Adult
Cancer

Tara . Henerpon, MD. MPH: Alson Amsterdam, MO; Smita Bhatia, MD, MPH: Melisa M. Hudson, MD: Asna T. Mssdows. MD:

Juseph P Neglla, MD, MPH: Lisa R, Difler, MD: Lowls 5. Comtine. MO: Robert A Smith, FO; Martn C. Mahoney, MO, FhO;

Eltzabeth A. Morsis, MD; Leslie L. Monigomery, MD: Wendy Landies, MSN, CPMP; Stephanie M. Smith. MPH; Leshe L Robisan, PhO: and
Kevin € Deffingsr, MD A Islirrs Mt 2010152484455

1. Incidence and excess risk of breast cancer
following chest radiation

2. Clinical characteristics and the outcomes
following breast cancer

3. Harms and benefits associated with breast
cancer surveillance
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Children’s Oncology Group

www.survivorshipguidelines.org

American Cancer Society

Annual mammogram and breast MRI

Starting at the age of 25 or 8 yrs after the RT

Long-Term Follow-Up Guidelines

for Survivors of Childhood, Adolescent,
and Young Adult Cancers

CureSearch

Children's Oncology Group

www.survivorshipguidelines.org

Copyright 2008 © Children's Oncology Troug
A rights reserved worldwide

International Harmonization of Guidelines

Long-Term Follow-Up Guidelines
» Aot

© 2013 Memorial Sloan-Kettering Cancer Center, All Rights Reserved.



Proportion of women with at least ONE
screening mammogram within the preceding TWO years

Childhood Cancer Survivor Study
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Oeffinger KC, et al. JAMA , 2009

Proportion of women with at least TWO
screening mammogram within the preceding FOUR years

Childhood Cancer Survivor Study
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ol e Research Team
Kevin Oeffinger

Discuss getting screened for breast
cancer with your health care provider. Greg Armstrong

Aaron McDonald
- Jennifer Ford

Take this card to your doctori
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University of Colorado
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Predicting Risk

Chaya Moskowitz, PhD

Breast Cancer Risk

Prediction Model

I Aim 1: Build Breast Cancer Risk Prediction Model

] Research Team

Chaya Moskowitz, PhD

1| original ccsS Conort =167, DX 1970-1588)

Dala Cobection
- Treatment relased and cthar tactors (complete]
- Traditional riak tactors (N=TES)

Kevin Oeffinger, MD
Suzanne Wolden, MD

Greg Armstrong, MD

| Aim 2: Extarnal Mods! Validation

Monica Morrow, MD
J Jonine Bernstein, PhD

Dutch LATER Cohort (R=600; DX 1570-1955)
Data Codection
Treatment.celated and cther factors (complete]
- Traditonal risk factors (N=250)

Colin Begg, PhD
Flora van Leeuwen, PhD
Cecile Ronckers, PhD

Expanded CCSS Cohort (Ne 225; D0 1987.1898)

Data Cofwetion

- Treatment-elated and other factors (in process)
Traditional risk factors (in process)

Consultants
Mitchell Gail, MD, PhD
Peter Inskip, PhD

Lois Travis, MD, ScD

I Aim 3: Develop Breast Cances Risk Calculator

] Michael Kattan, PhD

Robert Smith, PhD

Gene-Radiation Interaction

Identified two variants at

chromosome 6921 associated
with radiation-induced SMN in
Hodgkin's lymphoma survivors

p——

Best T, et al. Nature Med, 2011

Identified a genetic profile for
breast cancer following
Hodgkin's Lymphoma

Broeks A, et al. Int J Rad Onc Biol Phys, 2010

© 2013 Memorial Sloan-Kettering Cancer Center, All Rights Reserved.




Manthe IFRT INRT
- a -
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Hodgson DC, et al. Semin Radiat Oncol 2007

24 Gy Irradiation to 11 year-old with
Hodgkin lymphoma

Courtesy of Constine LS.

Mantle/Mediastinal RT

» 20 yrs post moderate dose RT (37.2 Gy),

actuarial risk of symptomatic CAD = 21.2%
Reinders JG, et al. Radiother Oncol, 1999

» By 30 yrs, incidence of Ml = 12.9%

Aleman BM, et al. Blood, 2007

« Standardized Mortality Ratio with Ml = 3.2
Swerdlow AJ, et al. JNCI, 2007
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Cumulative incidence of CVD in 1474 survivors of Hodgkin
lymphoma diagnosed prior to age 41 (1965-1995)*

&0

p—rT ) Y T
mad AT + anthes
mad AT anly

Cumlation Rcidoncs ()

v 18 20 2 £ 2
Time 3inoe degross (yess)

*Death from any cause as competing risk Aleman BM, et al. Blood 2007
L Third Report of the Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel Iil)

Risk Assessment Tool for Estimating 10-year Risk of Developing Hard CHD
(Myocardial Infarction and Coronary Death)

The risk assessment toal below uses recent data from the Framingham Heart Study
to estimate 10-year risk for “hard” coronary heart disease outcomes (myocardial
infarction and coronary death). This tool is designed to estimate risk in adults aged
20 and older who do not have heart disease or diabetes. Use the calculator below to
estimate 10-year risk.

Age: [ lyears

Gender: © Female © Male
Total Cholesteral: mg/dL
HDL Cholesterol: mg/dL

Smoker. © No € Yes
Systalic Blood Pressure: mm/Hg

Currently on any medication to freat high blood

pressure. © No € Yes

Calculate 10-Year Risk |

40-year-old female Hodgkin lymphoma survivor
20 yrs from treatment with 30 Gy mediastinal RT
+ non-anthracycline chemotherapy

Risk Assessment Tool for Estimating 10-year Risk of Developing Hard CHD
[Myocardial Infarction and Coronary Death)

The fisk assessment 100l below uses recent data from the Framingham Heart Study
to estimate 10-year risk Tor "hard® coronary heart disease outcomes {myocardial
infarction and cotonary death), This tool is designed to estimate risk in adults aged
20 and older who do ot have heart disease or dabetes. Use the caltulator below to
estimate 10.year risk

Age 40| years
Gender # Female © Male
Tolal Cholesierol 232 | mgidL

HOLL Cholester MR
Smoker T No C Yes

Syt ot I 105 | mmvig
Cu.l‘.e.mt!' on any medication to reat ligh blood & Mo © Yes
pressure

© 2013 Memorial Sloan-Kettering Cancer Center, All Rights Reserved.
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40-year-old female Hodgkin lymphoma survivor
20 yrs from treatment with 30 Gy mediastinal RT
+ non-anthracycline chemotherapy
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Risk score results:
e 40
(Gender female
Total Cholesteral 232 mg'dL
HDL Cholesteral 38 moidl

Smuoker Na

Systobe Blood Pressure. 106 mmiHg

(On medication lor HBP.  No

Risk Score” Ls 1%
* The fisk scocn shawn was derved on the Basis of an equation. Other NCEP
matenals, such a3 ATP I8 pnnt products, use 3 point-baged system 1o calculats
tisk scors that appransenates the equation-based one

To irterpret the risk scone and for specific information about CHOD risk assessment as part of
detection, , and of high blood choles see ATP Il Executive Summary and
ATE ILAL-3-Glance

(*P oo e —
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Risk score results:

Age a0

Gender male

Total Ch 232 mogldl

HOL Cholesterol 38 mg/dl

Smokes No

Systolic Blood Pressure. 125 mmiHg
On medication for HBP
Risk Score”

sk score ahown waa denved on the basia of an equation. Other NCEP
b ich as ATP Bl print preducts. use a point-based systom ta calculate a
misk score that apprommales he equaticn-based one

To interprt the risk score and for specific information abowt CHD risk assessment as part of
detection, evaluation, and treatment of high bloed cholesteral, see ATP Il Exgcutive Sumimery and
ATP Il Ala-Glance

Risk of Coronary Artery Disease
Interaction between Chest RT and CVD Risk Factors
Childhood Cancer Survivor Study

OR=28.2

60
e ™
5
o
)
k-]
b1
S p4or=6s8

OR=6.3
0 T T T
CVRFC Chest RT Chest RT +
alone alone CVRFC

Armstrong G, et al. ASCO 2011
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CAD post Chest Radiation

» Risk is modified by traditional risk factors
e Tobacco avoidance/cessation
e Evaluation for HTN and insulin resistance

» Aggressive management of dyslipidemia with
LDL target < 100

e ASA 81 mg/day
= Physical activity, low fat diet
« Detection of pre-obstructive disease?

Screening for CAD in HL survivors
e Stress echo or radionucleotide perfusion
— 294 asymptomatic HL survivors!
— 21% with abnormal testing
— False negative rates:
* 41% - stress echo
* 35% - nuclear scintigraphy
* 62% - stress EKG
* CT coronary angiogram?
— Role? Radiation exposure?
1Heidenreich PA, et al. J Clin Oncol, 2007

2Rademaker J, et al. Am J Roentgenol, 2008
and Kupeli S, et al. J Clin Oncol, 2010

Novel Tools to Screen for CAD in HL

Many questions remain:
who to screen
with what test

initiating at what age

and how frequently

© 2013 Memorial Sloan-Kettering Cancer Center, All Rights Reserved.
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Future Directions

Risk estimates are established; being
refined as population ages

High risk groups (partially) identified
Early work showing genetic predictors and
potential pathways in small studies

No studies with ample power to investigate
the interaction of treatment, genetic factors,
lifestyle behaviors, and comorbid conditions

Era of large collaborations

Future Directions (2)

Study of harms / benefits of surveillance
with limitations of small samples
Development of risk prediction models
Use of models in assessing / determining
surveillance strategies

Testing of patient or clinician education aids
and knowledge translation/transfer
incorporating risk prediction
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