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Cancer Continuum

Prevention & Risk Profiles/

: : Diagnosis Treatment Survivorshi End of Life
Risk Reduction Screening 9 P
/ \ ( i : ( Biopsy \ / Systemic \ ( CIPN \ ( Advanced \
. T¢_Jbacco Use Rl.Sk/i;f eeenlng « Pathology Ther_’ap_y COVID-19 care
» Diet - . Race - Staging Radiation Surveillance Hospice care
) Phy_5|cal Activity . Gend * Biomarkers Surgery Screening for Bereavement
« Environmental ender . Molecular d
° Smoking i secon care
* Alcohol Use * Family Hx Treatments cancers
«  Immunization - COPD Tob U
« Genetic Testing obacco Use
Physical
Activity
\ / \ / Mental Health

Psychosocial Support
Family and Caregiver Support

Care Planning
Palliative Care

Prevention and Management of Long Term and Late Effects

Crosscutting Areas

Health Communication, Epidemiology, HEALTH DISPARITIES, Surveillance,
Implementation Science, Healthcare Delivery

NCI Comprehensive
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A Cancer Center Designated by the
National Cancer Institute
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Lung Cancer Statistics _

Estimated number of new cases annually 228,000
Estimated deaths annually 136,000
% surviving 5 years 19%
% of lung cancer cases who are ever smokers ~80%
Stage at Diagnosis 5-Yr Survival %
60
50
M Local 38
W Regional 20
_ 10
w Distant 0 | —oem N
® Unstaged sz} | (\rz} ,b(\& Qo@b
\/0 @O Q\‘:}' (9’0
NCI ) ST < O
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Lung cancer incidence and mortality rates in metro Detroit and nationally, by race

African Americans, as

v = Nationalwhies compared to whites, tend to
 National African Americans have:
 Fewer pack-years of
g cigarette exposure
8 » Higher risk associated
with family history (Cote et
20 - al, JAMA 2005)
* Lower risk associated with

COPD

Incidence Mortality

NCI Comprehensive
Cancer Center
A Cancer Center Designated by the 6
National Cancer Institute
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factor for lung cancer T
African
White American
OR* (95% CI) OR* (95% ClI)
COPD 1.9 (1.2-2.8) 1.1 (0.5-2.5)
Emphysema 3.8 (1.7-8.3) 1.9 (0.4-8.2)
Chronic Bronchitis 1.8 (1.1-2.9) 1.4 (0.6-3.4)

* Adjusted for pack-years, age, race, sex, family history of lung cancer, education,
BMI and regular aspirin use

Schwartz et al, J Thoracic Oncol, 2009

/8% of African Americans with lung cancer self-reported NO history of

COPD, but had spirometry or CT evidence of COPD suggesting severe

under-reporting or under-diagnosing of COPD in African Americans.
Mina et al, Clin Lung Cancer, 2012
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Pack-years J’ Genetics

flammatioc
ROS

|

/ Gene activation/silencing \
Chronic inflammation, matrix degradation,

DNA damage/cell cycle apoptosis, airway remodelling

Genome instability < Epigenetics p mmune response
Clonal expansion, invasion, Inflammation
angiogenesis Na rg

Comprehensive
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Adcock et al, Respiration, 2011
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Define the role of specific COPD phenotypes and inflammatory/immune pathway genes in
the development of lung cancer by race.

1,560 Hospital-based lung cancer cases: 30% African American, 9.5% never smokers
1,760 Volunteer controls without lung cancer: 41% African American, 13% never smokers

Interview to collect smoking history, family cancer history and other risk factor data
Blood draw/saliva collection for germline DNA

Spirometry to measure lung function, COPD diagnosis

Low Dose Chest CT for quantitative imaging studies

Tumor and adjacent normal tissue collection to measure tumor characteristics and
gene expression

Schwartz, RO1CA141769
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% gas trappmg 1.04 (1.03, 1.06) <0.001

Spirometry (FEV,/FVC < 0.70) 1.64 (1.13, 2.37) 0.009

Backward regression model predicted probabilities

1.0 —

* Quantitative image analysis measured: P ——
% emphysema as % total lung voxels < -950 e
HU in inspiration across both lungs
* % air trapping quantified as % voxels < -856
HU on expiratory scans
« Spirometry measured FEV,/FVC

©
®

©
o
|

Predicted probability of lung cancer
N
i
|

» Models adjusted for age, race, gender, pack years, 0s |
scanner and total lung volume (inspiratory and
expiratory) R . . . .

(0] 20 40 60 80

% gas trapping

Schwartz et al., CEBP 2016 10
Lusk et al, CEBP. 2019




Defining a “Lung Health™ Profile

NCI

A Cancer Center Designated by the
. h -

Na

Comprehensive
Cancer Center

tional Cancer Institute

B ARBARA

A N N

¥ _ Karmanos

CANCER INSTITUTE

Wayne State University

I N N ™ I

Variable

Pack years
Quit years

FEV,/FVC

% predicted FEV,

dCT % emphysema?
qCT % air trapping®

qgCT MLD ratio©

1
64
47.5 (24.1)
2.6 (4.9)
0.53 (0.11)
53.9 (18.6)

16.3 (7.3)

51.3 (13.6)
0.94 (0.04)

2
232
38.4 (31.4)
1.1(3.1)
0.69 (0.10)
67.0 (16.6)

2.6 (2.4)

30.6 (16.9)
0.95 (0.05)

aPercent lung voxels < -950 HU on inspiration across both lungs.
bPercent lung voxels < -856 HU on expiration across both lungs.
¢Mean lung density (MLD) ratio = expiratory MLD / inspiratory MLD

3

73
26.0 (18.7)
6.2 (10.1)
0.47 (0.11)
49.1 (16.2)

1.5 (1.6)

11.2 (9.6)
0.86 (0.06)

4
609
34.2 (20.9)
1.8 (3.6)
0.77 (0.07)
83.5 (16.9)

1.2 (1.4)

7.1(6.7)
0.84 (0.05)

5
201
22.5 (19.6)
25.9 (9.9)
0.77 (0.07)
86.5 (17.6)

2.4 (2.5)

14.9 (13.5)
0.86 (0.06)

Lusk et al., CEBP, 2019

Hierarchical clustering of INHALE current/former smoking-controls with gqCT and spirometry (N=1179)

11
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Lung Health

Most detrimental Least detrimental
>
Cluster 1 2 3 4 5
Pack years B 9 N/ - N/
Smoking history
Quit years J J - v N
FEV1/FVC % N N2 () ()
Spirometry
% predicted FEV1 2% N N2 () ()
% emphysema *M -- NP N7 --
qCT % air trapping O » J J -
MLD ratio h ™~ - N/ N

Figure 1. Mean trends are shown for variables used in clustering. Arrows indicate standardized group means for
: particular variables, relative to the overall mean (n = 1), as follows: 1*/{ = 0.2-1 SD above/below overall mean,
NCI Rasiidividny M/ L =1-1.9 SDs above/below overall mean, MM/ L > 2 SDs above/below overall mean, -- = within 0.1 SDs
i) Corr metate” above/below mean. Red indicates negative mean trend; blue indicates beneficial mean trend.

12
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o

w
(0]

* ORs comparing odds of lung
cancer in each cluster to odds

w

of lung cancer in cluster 5,

adjusted for age, race, sex,
and BMI
« (Odds of lung cancer are
significantly (p<0.05) elevated
in each cluster except in ' I

cluster 4 in total sample and

for Whites, but only cluster 2 is Lung Health White African

significantly associated with | ,
the odds of lung cancer in Cluster American

African Americans m1 m2 w3 m4

Odds Ratio

o

Comprehensive
NCI Cancer Center

13
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 African Americans were significantly more likely to fall into a risk “cluster” characterized

by younger age, lower smoking exposure, poorer FEV,/FVC, but lower quantitative CT
measures of emphysema and air trapping.

« Measures of lung function, and subsequent lung cancer risk, vary considerably among
smokers and are not fully explained by smoking intensity.

« Combining spirometry and radiologic measures of COPD aid in defining a spectrum of
lung disease that predicts lung cancer risk differentially among patient clusters.

14
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National Lung Cancer Screening Trial (NLST) CANCER INSTITUTE
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 Prospective randomized trial comparing o Rat Sancs
low dose helical computed tomography § 1% Low-dose CT
(CT) to chest radiograph (X-ray), annual S 8001 Chest radiography
700+
scan, 3 years 3 oo
= o
£ 3004
E 200
 Eligibility: ages 55-74, current or former i . | | | | | . |
smoker (quit within 15 years), 230 pack ° ' s D0 PO ’ ’
years of smoking, 41% female I ————
500+
= Chest radiography
g 400 —
* Results: a relative reduction in the rate 2 SR
. L
of death from lung cancer with low-dose £
CT screening of 20.0% (95% CI, 6.8 to S 200-
26.7; P=0.004) £ 100
£
a 0 T T T T T T T 1
0 1 2 3 4 5 5] 7 8
Years since Randomization

NCI RS  The National Lung Screening Trial Research Team.
remczcome oeanrve N Engl J Med 2011:365:395-409

National Cance
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NCCN group 2

NLST/NCCN group 1 |USPSTF 2013 USPSTF 2021 PLCOmM2012
Age 55 - 74 years Age 55 -80 years Age 2 50 years Age 2 50 years Age
Race
2 30 pack-year 2 30 pack-year = 20 pack-year smoking history |= 20 pack-year smoking [Education
smoking history smoking history history BMI
1 additional risk factor (other COPD

Smoking cessation <
15 years.

Smoking cessation
< 15 years.

than secondhand smoke).
--cancer history

--family history of lung cancer
--radon exposure
--occupational exposure to
silica, cadmium, asbestos,
arsenic, beryllium, chromium
(VI), diesel fumes, and nickel.
--chronic obstructive pulmonary
disease (COPD)

--pulmonary fibrosis

Smoking cessation < 15
years

Personal history of
cancer

Family history of cancer
Smoking status
Smoking intensity
Duration of smoking
Smoking quit time

Risk = 1.51% is used as
cut off for screening
eligibility




B ARBARA A N N

Sensitivity of lung cancer screening ¥ _ Karmanos
eligibility criteria in INHALE CANCER INSTITUTE

Wayne State University

false negatives true negatives

All lung cancer cases ® o

fTalse e atives

Cases included by criteria

Sensitivity— _

All lung cancer cases

Pu et al., JAMA Oncol, 2022 17
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INHALE lung cancer cases

. . . White vs African American
Screening African American
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Eligibility
Guidelines

n=287
RR (95% Cl)

p-value
NLST 47.7% 39.7% 1.2 (1.0,1.4) 0.03
USPSTF 2013 51.8% 42.2% 1.2(1.1,1.4) <0.01
NCCN group 2 66.7% 50.9% 1.3(1.2,1.4) <0.01
USPSTF 2021 65.3% 63.4% 1.0(0.9,1.1) 0.6

PLCOmM2012 2 1.51% 68.4% 66.9% 1.0(0.9,1.1) 0.7

18
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« African American lung cancer patients are significantly under-
represented under USPSTF 2013 and NCCN grp 2 criteria

« USPSTF 2021 and PLCOmM2012 guidelines improve on
earlier, fixed screening criteria for lung cancer, broadening
eligibility and reducing the racial disparity in access to
screening

* There are still barriers to screening uptake, with heightened
need to increase awareness among primary care physicians
and the community

19
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Signatures in Lung Tumor Tissue

RE AET”%JE Is overall survival related to differential gene expression of
s i immune pathways genes? Are there differences by race?
e - ’é O r_‘-"'_\Q&o' -

T ok wﬁxﬂ"}“ 48 Immune-centric Pathways including 8 Major Pathways:
- Adaptive Immunity

Innate Immunity

Cytokine Signaling

Adhesion-Extravasation-Migration

Programmed Cell Death

Reactive Oxygen/Nitrogen Generation

INNATE IMMUNITY

gytoklne Rel.ease Granulocyte

Mail
N

L AP Macrophage
Cytokine Rale.ase

. I °°° ] . - Immune Signaling
: BT "
Antibody .
= ~2,253 immune related genes
=
%( Effector
< NG - 2 Affymetrix Whole-Transcriptome 2.1 Human Gene Array
H IFNy . -
A e >Ya" — with 1.3 million probes on 280 lung cancer cases
specific immun mmun

N CI Comprehensive
Cancer Center . .
A Cancer Center Designated by the Fabregat et al. The Reactome Pathway Knowledgebase. 2018. Nucleic Acids Research

National Cancer Institute
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Gene Expression in Lung Tumors

Associated with Survival

FGF19 ] FGF19 I
FGF4 I FGF4 -_
. . . Dsgii— I Dsggi_ [
Gene Set Enrichment Analysis e ) g — ere v prusies
] il
(GSEA) used tp measure aggregate AR _— A -
gene effects within each immune - 11T ] IRER ]
D STHAA ] STHAAT 1
pathway > IFML2 - e IFML2 - e
= IL22RA e IL22RAT ]
E YEST [ YES1 T ]
Cox proportional hazards model, s "] s Femae —— -
i i P GRIN2E I GRINZB - ]
adjusted for stage and histology o] — =] o
FCB - e FGB - -_
. . . PEBP I PEBP
Interleukin Signaling pathway genes LIFR - ] LIFR - I
were significantly associated with ol e ]l
ival PELI - ] PELIT - I
surviva PIK3R - I PIK3R - I
4 -2 0 4 -2 0
F-zcore F-scoare
INHALE TCGA
NC1 sl . .
Watza et al., Carcinogenesis, 2018 21

A Cancer Center Designated by the
National Cancer Institute
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23 Gene Signature and Survival

D_ IL Signature Score —+ Low —+ High E IL Signature Score —+ Low =+ High

1.00 1 HR=1.59, p=3.0x10-8 1.00 1 HR=1.29, p=7.4x107
= 0.75 = 0757
el =
L] (4]
8 8
= 0.50 A a 0.50 -
£ g
5 =

'L‘ b pll
0.00 A 0.00 A
0 25 50 75 100 0 50 100 150 200 250

° Survival Time {months) Survival Time (months)
= @
3 3
S Lowq140 102 43 9 0 2 Low1503 106 24 7 1 0
T'é High+ 140 85 40 1 O *g' High 1498 69 18 4 2 a
B 0 25 50 75 100 5 0 50 100 150 200 250
= -

Survival Time (months) Survival Time (months)

» “Interleukin signaling” pathway shows prognostic value
« Leading edge 23-gene signature is a predictor of survival
NCI Z5eildviy

A Cancer Center Designated by the
National Cancer Institute
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Differential Gene Expression by Race-e-_

® White

#® African American

log2 Expression
(o))
|

———{moo ©)

IGHD IGHG4 IGLL5 IGHM IGLV3-25 IGKV2-29 CD20
p=0.0003 p=0.0003 p=0.0053 p=0.0087 p=0.0061 p=0.0019 p=0.9219

. The most differentially-expressed (by race) immune-related genes make antibodies
AP cancer center suggesting that B cell function might be distinct by race




Tertiary Lymphoid Structures

Are TLS related to response to
immunotherapy differentially by race?

What other biomarkers are related to
immunotherapy differentially by race?

NCI Comprehensive
Cancer Center
A Cancer Center Designated by the
National Cancer Institute

B ARBARA A N N

¥ _ Karmanos

CANCER INSTITUTE

Wayne State University

\._ S 2 -.' -

/ 3 r..‘

Taa sb .~ et
"ff'ﬂ'ﬁ‘r‘,aﬁ";\ A

P Sy .
;31' ‘-‘ !-~b Q’ - '\...\. - -\ \ ' ,F o - "

Figure 6. Putative TLS structure (red ci ncle) lde r med ina CI:B-sta imad
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Immunotherapy for Lung Cancer:l?g

* Immunotherapy in the form of immune checkpoint inhibitors (ICls) has
been a breakthrough for the treatment of lung cancer.

« ICl's, either as single agents or in combination with platinum-based
chemotherapy, are now front line therapy for metastatic non-small cell
lung cancer (NSCLC).

« Treatment response varies from 25% to 60%.

* Immunotherapeutic benefit is dictated in part by imperfect biomarkers
including PD-L1 expression and tumor mutational burden (TMB).

« Little data exist on racial disparities in biomarkers and response to ICls;
only 4% of clinical trials participants were African American

25
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Mediators of
immune
phenotypes

Ancestry Age, sex, pack-years

D. IL Signature Score —— Low —+ High E. " IL Signature Score —— Low —— High
. g 0.75 % 0.75
P20 SPORE Planning Grant Immune phenotypes as .
] ] it 1 H g 025 g 0.25
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Biomarkers of ICI| response

While INHALE participants were treated pre-

immunotherapy, we evaluated the tumor microenvironment
for biomarkers of ICl response:

e Tumor mutation burden

 PD-L1, CTLA4, immune pathway gene expression
 Immune cell infiltration

e Tertiary lymphoid structures (TLS)
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* Immune signatures in lung cancer differ by race
* IFN-related signaling

* B cell function

« Comprehensive analyses needed to tease out race-specific
biomarkers in relation to ICI response

* Immune functional analyses may shed light on pathways
regulating ICI response

* Potential biomarkers
* Potential new drug targets
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. Thel t £ hort of Afri Domains of Survivorship Survivorship
€ grges prospec 'V_e conort o ncan  synivor Influence Mediators Health Outcomes Health Outcomes
American cancer survivors: breast, SorvivorSelf. R
prostate, lung, colorectal, and hveceries ||| Mongumen neltedQultyof U
endometrial cancer dxed age 20-79, and | ““Nre | | e rerece Cancr Reltd oL
any cancer dxed age 20-49; metro e o Cancer; Emotona
. . . , Level Blas) \ Wellbeing)
Detroit residents at diagnosis | Interim Health Status !
e Ui | | e | [
_ _ (e.g., Race-Related progresson of ek, Fatige,
« 5,073 Survivors and 1074 Caregivers S, v pain)
enrolled Medical Mistrust) !
Healthcare Mental Health
I —. [Etgi.l,n:i:::s's, le.;,nD:pres:sion.
. n Anxiety
« Overarching goal to understand the " uences
multiplex causes of poorer outcomes in i reamert, '
this high-risk population ey '
9 pop Hom MODERATORS Fig. 1. Model
(e.g., Soclal Demographic

Characteristics, Social Support, and
Personal Strengths)

Comprehensive
Cancer Center

NCI U01 CA199240

A Cancer Center Designated by the
National Cancer Institute
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Moderate to Severe Anxiety

High Cholesterol

Hypertension

Diabetes

Depression
COPD/Emphysema

Family History of Lung Cancer
Overweight/Obese

No Physical Activity

Income < $20,000

Never Married

High School Education or less

o
[E
o
N
o

30 40 50 60 70

NCI Comprehensive Bl Percentage

Cancer Center

A Cancer Center Designated by the 30
National Cancer Institute
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FACT-G Total scores : e

Mean FACT-G scores in 8 A
cancer patients has

been reported to be

82.2 in a population that B -
is 80% white

We see lower scores at
baseline, i.e., poorer

FACT-G Score
60
|

. o _]
overall health scores in ~ : | |
African Americans with i —— i
lung cancer. S . o

|

Breast Colorectal Endometrial Lung Prostate Young Onset
NCI| RSsiidivosiy Cancer Site




The Detroit Research on Cancer Sur

(ROCS) Cohort
Debet

COVID-19 Supplement Sleep Supplement
U01CA199240-S3 U01CA199240-S4

Beebe-Dimmer et al, Cancer 2022
128(4):839-848.

ISI (continu
ESS (continuous,

The IMPACT of the COVID-19 Pandemic on
AA Cancer Survivors

100
80 75% W <150 min/week of physical activity B <150 min/week of physical activity
B >=150 min/week of physical activity B >=150 min/week of physical activity
p=0.002 p=0.30
. 60 9  57%
[=
©
<
e
41%
39%
- 70
40 37% 35%
= SI Health & HRQoL
eep Hea o
20
Health Behaviors 0.064
0 - Cancer Related 0.127
| have felt | have | have been | have | have | have | have | have .
anxious worried concerned  fearedhow experienced experienced experienced —experienced Demogra pthS 0.174
about about about a the changes in changes in difficulty feelings of T
getting possibly family COVID-19 my sleep my eating  concentrating social Comorbidities 0.230
‘ COVID-19 infecting member or pandemic isolation S|eep Health 0.295
others close friend will impact
getting or my cancer
dying from care or

COVID-19 recovery

PsQl (continuou

B <150 min/week of physical activity
B >=150 min/week of physical activity

p=0.001

Health Behaviors: exercise,
fruit/vegetables, alcohol, smoking

Cancer Related: age at diagnosis,
months since diagnosis, cancer site,
stage, treatment, treatment status

Demographics: sex, education,
marital status, income, poverty,
insurance

Comorbidities: arthritis,
COPD/emphysema, depression,
diabetes, heart condition, hepatitis,
high cholesterol, hypertension,
stroke, thyroid, obesity

Sleep Health: ISS, ESS, PSQl
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CIDR funding
X01 HG12908

Germline Whole Exome Sequencing
of ~2,400 African American Cancer
Survivors

» Use bioinformatics, family
structure, gene expression and
somatic alterations to
characterize VUS.

« Characterize germline genetic
variants associated with multiple
primary cancers.

* Develop an online educational
intervention to increase risk-
appropriate genetic testing in
African Americans.
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