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Trends in Survival Rates after Childhood Cancer
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Burden of Morbidity in Childhood Cancer Survivors

Severe/ Life-threatening
Chronic Health Conditions

0.6 -
S
W N Engl J Med, 2006
- 41% at 30y
,8 0.4 -
O
£
)
=
© 0.2 -
35
£
-
O
0.0 | | |
0 10 20 30

Years from diagnosis



Cumulative Cause-specific Mortality among 5-year Childhood Cancer Survivors

* 6-fold higher risk of dying

184 JAMA 304:172-179, 2010 All causes except

recurrence
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Clearly-defined association between therapeutic

exposures and chronic health conditions




Steroids .
— | Osteonecrosis

Radiation

Anthracyclines —_— > Heart failure

Chest Radiation

Radiation

Alkylating agents —> Second cancers

Topoisomerase Il inhibitors
Anthracyclines

Radiation % Stroke




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 a primary cancer at age 21

Matching Criteria
Primary cancer diagnosis
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

years or younger years or younger

Collect DNA from
Cases and controls

Source documentation (Cases only)
Osteonecrosis (diagnostic radiology)
Congestive Heart Failure (echocardiogram report)

Subsequent neoplasms (pathology report)

Summarize therapeutic -
exposures for
cases and controls

Stroke (diagnostic radiology)



Cardiomyopathy in Cancer Survivors

Risk factors
Anthracycline chemotherapy

Risk modifiers
Chest radiation
Young age at exposure
Female sex
Cardiovascular risk factors




Cardiomyopathy

Odds Ratio
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Dose-response relation 27.59
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Inter-individual variability in risk of anthracycline-related cardiomyopathy
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Demographic characteristics of case-control set

Age at primary cancer diagnosis in years

Median (range) 7.3 (0-20.7) 7.6 (0-21.1)
Age at study participation in years

Median (range) 16.6 (0.4-41) 18.5 (2-49)
Race/ethnicity, n (%)

Non-Hispanic whites 124 (73%) 252 (79%)
Hispanics 16 (9%) 29 (9%)
Blacks 12 (7%) 14 (5%)

Other 18 (11%) 22 (7%)

0.7

<0.001

Matched



Clinical Characteristics of Case-control set

HL, 11%

NHL, 11% Cases Controls
(n=170) | (n=317)

Cumulative anthracyclines in mg/m?

Bone
AML, 11% tumors, Median 300 140 <0.001
LA Chest radiation, n (%)
Yes 25% 14% <0.001
ALL, 14%

Soft tissue
sarcoma,
7%

44%

Median EF (cases):
I Cases (n=170) I Controls (n=317) I —_—— =




Cardiac Dysfunction
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Pharmacogenomic Prediction of Anthracycline-Induced Cardiotoxicity

Multiple variants combined into single-
prediction model that included clinical and
genetic risk factors

100

80 -

Classification of
604 patients into 3 risk
groups

40

True-Positive Rate (sensitivity)

20 H AUC  95%Cl P
= SMPs and clinical 0-87 082to00.91 2.1 =108
SMNPs only 0.81 076to0.86 2.2 x10M"
=== Clinical only 0.68 0.61t00.74 3.1=10%
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False-Positive Rate (100% — specificity)

In high-risk group, 75% of patients accurately
predicted to develop cardiomyopathy

In low-risk group, 96% of patients accurately
predicted not to develop cardiomyopathy.

Cardiotixici
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Subsequent Neoplasms




Background

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

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

e Subsequent CNS tumors are associated with significant morbidity and mortality
* Five-year survival is <20% for gliomas
* Meningiomas are often accompanied by significant morbidity

JNCI. 2010;102:1083-95
Lancet Oncol. 2013;14:e321-8



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

* Exposure to
cranial
radiation is
the major risk
factor

* The risk is
especially
increased
after
exposure to
radiation at a
very young
age



Risk factors oo . The risk for subsequent CNS tumors
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Cranial radiation dose and subsequent CNS tumors
- inter-individual variability in risk

19000 Cases Controls
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Role for Genetic Susceptibility?

Candidate gene approach

* Examined genetic variants associated with de novo brain tumors



Results

All Subsequent CNS tumors — Replication of Candidate SNPs

adjusted for age at diagnosis, sex, race/ethnicity and
exposure to cranial radiation l
6

P=0.008
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DNA Damage Response or Repair Genes




Risk prediction models for subsequent CNS tumors

Sensitivity

1.00

0.75

0.50

0.25

0.00

0.00

0.25

0.50
1 - Specificity

0.75

1.00

Final Model
AUC=0.81
P=0.002
Clinical Model rs15869 [BRCAZ]
AUC=0.73 rs8079544 [TP53]

rs498872 [PHLB1]
rs1673041 [POLD1]

Genetic Model

AUC=0.71

rs25489 [XRCC1]
Base Model rs11615 [ERCC1]
AUC=0.59 rs828699 [XRCCS5]

Replication case-control set
* AUC, 73%
* AUC. 89%



Low Dose Tamoxifen for Radiation-Induced Breast Cancer Risk Reduction

Endpoints
1° MBD

Survivors of
childhood or AYA
cancer treated
with chest
radiation

Tamoxifen 5 mg x 2y

2°Histologic

2°Circulating
\EILES

Placebo x 2y I

Randomize

e 212 Gyatage<40y

 NED for 2+y

e Has at risk tissue

Mammogram

Mammogram Mammogram

RPFNA/ Blood/ Urine |l Blood/ Urine RPENA/ Blood/ Urine




Low-dose tamoxifen and risk of radiation-related CLINICAL CANCER

breast cancer
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Mammographic dense area

43

Placebo

P=0.03

IGF1
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RESEARCH

Clin Cancer Res. 2021;27:967-974.

P <0.0001

M P =0.008
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Modification of Therapeutic Exposures

* Elimination of prophylactic therapy for children with standard/
low risk acute lymphoblastic leukemia

* Reduction in risk of secondary brain tumors and cognitive impairment

* Reduction in dose and field of for Hodgkin lymphoma

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

e Reduction in

e Reduction in risk of cardiomyopathy

e Reduction of

e Reduction in risk of secondary leukemia



The NEW ENGLAND JOURNAL of MEDICINE
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Reduction in Late Mortality among 5-Year
Survivors of Childhood Cancer

A Death from Any Cause
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Statement of the problem

Trends in female breast cancer death rates by race and ethnicity, US, 1975-2020

5 ® White @ American Indian/Alaska Native @ Hispanic
Black Asian/Pacific Islander

40 | —

35

% U N—\

s 5 Disproportionate burden of |
:, breast cancer mortality
. ——
I among Black women in the
0‘|9|75I — Il%u US perSiStS. L — IIZ{)|‘|5I | I20|ZZO

Year

Note: Rates are per 100,000 and age adjusted to the 2000 US standard population. Race is exclusive of Hispanic origin, except for 1975-1989 for Black and White women.
Rates for American Indian/Alaska Native are 3-year moving averages and are adjusted for racial misclassification (see Sources of Statistics, page 34).

Source: NCHS, 2022.

©2022, American Cancer Society, Inc., Surveillance and Health Equity Science

Figure Source: Breast Cancer Facts & Figures 2022-2024, American Cancer Society

A2 COLUMBIA | MAMAN scHooL EPIDEMIOLOGY




Aggressive tumor clinicopathology?
Distribution of tumor subtype by race and ethnicity

Distribution of breast cancer subtypes by race and
ethnicity, ages 20 and older, US, 2015-2019

® HR+/HER2- HR-/HER2+ @ Unknown
HR+/HER2+ @ HR-/HER2-
100

-
#
80 | 4 e 6
5 5
5

60

Percent

40

20

0
All Races White Black Asian/  American Indian/  Hispanic
Pacific Islander Alaska Native

HR = hormone receptor; HER2 = human epidermal growth factor receptor 2.
Note: Except for all races, race is exclusive of Hispanic origin. Data for American
Indians/Alaska Natives are based on Purchased/Referred Care Delivery Area
(PRCDA) counties.

Source: NAACCR, 2022.

©2022, American Cancer Society, Inc., Surveillance and Health Equity Science

Figure Source: Breast Cancer Facts & Figures 2022-2024,

American Cancer Society

o HR+/HER2- subtype is associated with the
best survival rates

o HR-/HER2- subtype (triple-negative, TN) is
associated with the worst survival rates

* Incidence of the triple-negative (TN)
subtype is highest among Black women
and lowest among White and AAPI
women

Sung H, Cancer 2019; Mavaddat N, Cancer Epidemiol Biomarkers Prev 2012
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Aggressive tumor clinicopathology?
Breast cancer survival by subtype and race and ethnicity

5-year breast cancer-specific survival rates (%) by subtype and
race and ethnicity, US, 2010 - 2015

100

90

80

70

60

Black women have the
lowest 5-year survival
for every subtype.

HR+/HER2- HR+/HER2+ HR-/HER2+ HR-/HER2-

50

40

30

2

o

1

o

B All races and ethnicities B NHW B NHB AIAN Hispanic API
DeSantis CE, CA Cancer J Clin 2019
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What factors might explcun the
incidence or more aggressive
breast fumors and poorer

survivorship outcomes among
African American and Black
women?
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Neighborhood
disinvestment
Vs.
Neighborhood
investment

X

o

4 “.v'f', ’;

Plascak JJ...Llanos AAM, Cancer 2022



1930s Home Owners’ Loan Corporation (HOLC)
Mortgage Security Redlining Map of Essex County, NJ

HAGSTROMS

e wssemn. s | S s A
HOUSE NUMBER * ¥4 <=
ar.ok .
ESSEX COUNTY | .

NEW JERSEY.

Most
desirable
(Best)

\

Potential intergenerational effects of

the historical policy of redlining still

has an impact on health outcomes in
the present day.

Plascak JJ...Llanos AAM, JAMA Netw Open 2022

Hazardous
(Worst)

Image Source:
https://dsl.richmond.edu/panorama/redlining/#loc=11
/40.801/-74.486&city=essex-co.-nj
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Allostatic load scores are higher in Black women
(and men) and associated with breast cancer

Probability of having an allostatic load score 24, as predicted by race and Elevated allostatic load (23) by race and history of breast cancer (HoBC)

gender

' In NHANES, higher allostatic
load was associated with
breast cancer in Black women

(OR 2.08, 95% Cl: 1.02, 4.22)

but not White women

o= (OR 0.94, 95% Cl: 0.62, 1.42) r-samm o
e . P 50 B —————

Source: Geronimus AT, Am J Public Health 2006 Source: Parente V, Psycho-Oncol 2013

EPIDEMIOLOGY
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Associations between pre-diagnostic allostatic load
scores and breast tumor features

Adjusted associations of higher allostatic load score with more unfavorable
breast tumor clinicopathology

Lipid/metabolic : * . Tumor behavior: invasive vs. non-invasive
profile-based = . 'k
measure (23) = . = Tumor size: 22 cm vs. <2 cm
: ¢ = ER status: ER- vs. ER+
O : Tumor behavior: invasive vs. non-invasive

Inflammatory : ¢
profile-based : . - ' % Tumor size: 22 cm vs. <2 cm
measure (23) = L 2 = ER status: ER- vs. ER+

0.0 1.0 2.0 3.0 4.0

Odds Ratio

Xing CY...Llanos AAM, Cancer Epidemiol Biomarkers Prev 2020
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Associations between pre-diagnostic allostatic load
scores and HRQOL 2-years post-diagnosis

Adjusted associations of higher allostatic load using the inflammatory
profile-based measure with lower HRQOL
& ) PWB: Low (<23) vs. High (223)
. : SFWB: Low (<24) vs. High (>24)
* : EWB: Low (<22) vs. High (222)
* .«  FWB: Low (<22) vs. High (222)
4
¢ *
. : FACT B: Low (<117) vs. High (2117)
0.0 1.0 2.0 3.0
Odds Ratio

Xing CY...Llanos AAM, Breast Cancer Res Treat 2020
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Associations between adiposity and breast cancer

mortality

Greater adiposity —
especially central
adiposity —is associated
with higher all-cause and
oreast cancer-specific
mortality among Black
preast cancer survivors

Bandera EV, JAMA Oncol 2021

MAILMAN SCHOOL
OF PUBLIC HEALTH

@2 COLUMBIA

Figure. Kaplan-Meier Curves for All-Cause and Breast Cancer-Specific Survival by Body Mass Index (BMI) and Waist-to-Hip Ratio (WHR)

E BMI and overall survival
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Adipokine pathway
biomarkers — link
between adiposity
and breast cancer
survival inequities?
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Expression of adipokine receptors in the breast tumor
microenvironment

More aggressive tumor clinicopathologic

More aggressive tumor clinicopathologic \ . N010¢
features associated with lower adipokine and

features associated with lower adipokine

adipokine receptor in the

and adipokine receptor in ) :
breast tumor microenvironment

the breast tumor microenvironment

Higher tumor grade X Higher tumor grade v
Larger tumor size X Larger tumor size v
Positive lymph nodes X Positive lymph nodes X
Ki67+ status X Ki67+ status X
ER- status v ER- status v
HER2+ status X HER2+ status X

v v

Triple-negative subtype Triple-negative subtype

Llanos AAM, Breast Cancer Res, 2020
Llanos AAM, Breast Cancer Res Treat, 2020
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EDCs in hair products and possible mechanisms
associated with breast cancer and other outcomes

Epigenetic changes leading to predisposition
Promote hair : ;
Estrogens to tumorigenesis, altered mammary gland
development, and cell proliferation

growth

Induce growth of breast epithelial cells,
Parabens Preservative increase migratory and invasive properties of
breast cancer cells

1 Heikkinen et al. 2015, Llanos et al. 2017, Taylor et al. 2018, Brinton et al. 2018, Eberle et al. 2019, Parada et al. 2019;
2 James-Todd et al. 2011, McDonald et al. 2018; Cathey et al. 2020; 3 Shen et al. 2013; # Rao et al. 2022;
5> Papalou et al. 2019; 6 Rivera-Nufiez et al. 2022
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Associations between hair dye and relaxer use and
breast cancer

Prevalence of hair product use among . . .
WCHS participants o Use of dark hair dye shades was associated with

- iIncreased breast cancer risk

o Combination application (home kit + salon application)
of permanent hair dye was associated with increased

50 risk of more aggressive breast fumor characteristics
. including:

. * Larger tumor size

10 « Higher tumor grade

anes o Longer duration (>10 years) and earlier use (before age
12) of relaxers were associated with larger tfumor size

es ers
pair &Y ReleX Deep condi®

mBlackwomen @ White women

Llanos AAM et al., Carcinogenesis 2017
Rao R...Llanos AAM, Environ Res 2022
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Summary

Neighborhood Allostatic load, adiposity- Inferrelationships
context in breast related biomarkers, and between social and
cancer inequities - endocrine-disrupting structural factors and
considering “place,” chemical exposures from biological factors >
not just race hair product use are sociobiologic

imporfgnf mechanisms

biologic/molecular
contributors to breast
cancer inequities
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The factors and mechanisms that cause cancer inequities
act at multiple, intersecting levels of influence...

MACRO
Policies
Systems
Norms

CRO

Birthplace &

thnicity Nativity .
Biology

Inequities  Genetics
Epigenetic

Gender Socioeconomic
Identity Status

Multimorbidity
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