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Age-adjusted U.S. breast cancer mortality rates
(per 100,000 women)

Mammography has
M R el = reduced breast

Lives saved
“‘\M cancer deaths in
Mammography

addition to the new

development in

breast cancer
treatment since
1989

1969 1979 1989 1939 2009 2019

Among women aged 40-84 years by year 1969-2019

Hendrick RE, Baker JA, and Helvie MA. Breast Cancer Deaths Averted Over 3 Decades. Cancer 2019:0:1-7.
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Current Mammogram Screening Guideline

ACR/SBI ACs ACOG AMA NCCN USPSTF
Agetostart 40 45 Offer at40,no 40 40 50
mammogram Option to later than 50
start at age
40
Age to stop No age limit; ~ When life Age75.then Notstated  Notstated 74 years
mammogram tailor to expectancyis shared
individual <10yrs decision
health status
Mammogram  Annual Annual 45-54; Everyior2  Annual Annual Every 2 years
interval Everylor2 years
yrs 55 and
older
View on Improve Improvement Notstated ~ Notstated  Improves Insufficient
Tomosynthesis ~ cancer in detection cancer evidence to
(3D) detection lower chance detection,  support
mammogram  reduced of recall reduces routine use:
recall rates recallrates  Grade “1)

Stapleton et al. Race/Ethnicity and

breast cancer in their

Reference:

JAMA Suurg. 2018. Black, Hispanic, and Asian women

age 40.
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Interval breast cancer
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= Definition of Interval cancers:

= Breast cancers that emerge after a non-suspicious mammogram, but before the

patient’s next scheduled screen (i.e. detected between mammographic
screenings with no previous evidence of abnormal findings).

IR

Mammographic screening detects indolent cancers but misses
more life-threatening breast cancers

Who Benefits
from Screening
7%

The percentage of Interval Breast
Cancers detected range between 12-26%
for annual screens, 17-33% for biennial
screens and 32-38% for triennial

Itis expected that the prevalence of
Interval Breast Cancers may decrease in
coming years due to the increased use of
supplemental MRI screening

It's sudden appearance identifies interval
breast cancer as uniquely aggressive &
rapidly progressing disease

Factors: tumor biology, masking, life styles
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Overview of Women'’s Health Initiative Study
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Searching for the ideal cohort to study interval breast cancer

« Largest women's health
prevention study ever

Represented US population
high response rate

Diverse in geography,
socioeconomic status,
race/ethnicity

7 Multiple time point of
WOMEN S mammogram results available
HEALTH for each participant and other
INITIATTVE

repeated interim measures

Long term follow up data
available with comprehensive,

standardized assessment of
WHI was designed to address risk factors for CVD, cancer and outcomes %)

osteoporosis — the most frequent causes of death, disability
and poor quality of life in postmenopausal women. BRSO

e in women's history. Join today.

This is one mystery any woman Postmenopausa
over 60 can help solve. |5 \(I)m?r;en aged
-79 at
enroliment

« Initial study period:
1993-2005

* WHI Extension |
2005-2010

* WHI Extension II:
2010-2020

« Recruitment

efforts:

> Local level at the
clinical centers

> National level at
NIH




WHI Study Organization

WHI Clinical Centers Women's Health nitiative Research Centers
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The WHI consisted of 40 Clinical Centers, During the WHI Extension Studies, the Clinical
several with additional satellite locations, Centers were consolidated into 10 Regional
during the recruitment and active intervention Centers in 2010

1o Phase of WHI (1993-2005).
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WHIl is:

WHI Components and Outcomes

al r— Hormone Therapy Trials
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« Secondary: Hip Fracture
« Safety: Breast Cancer
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5 « primary: Hip fractures
g \ « Secondary: Colorectal Cancer
= " Dietary Modification Trial
£ DM: 48,835 N
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Published Results
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Definition of Interval breast cancer

'WHI Study eligibilty mammogram

Excluded rom thestids | Earolledtosudy
First on study mammogram

ormal

Symptomitic [
Cancer

Screen-detected
Breast Cancer

Screendetected
Breast Concer

Normal

S ercal Breast
Cancer

Subscquent mammogram

Overview of Case Selection Analyses

Earoment

Wormen in the WHI Clinical Trials
(=68.132)

Women diagnosed with Breast Cancer during WHI follow-up years
(n=5455)

‘ Breast Cancer (+=1.967)

= Identified interval breast cancers were sub-divided
into those occurring <1 year or 1-2.5 years after last
routine negative mammogram
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Survival Analyses: Fine Gray's Cumulative Incidence probability for breast cancer-specific mortality
stratified by breast cancer status

!

All Interval Cancer vs.

el P=<0.0001 Screen-detected
P=0.0003

o
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Interval breast cancer 1-2.

Breast Cancer Specific Mortalitv

) 0 2
Number at Risk Years after Diagnos

Tnterval breast Cancer <lyr 324 284 23 u
Tnterval breast Cancer >1-2.5yr 726 on 553 253 2
Sereen-detected cancer 1969 1821 ! 837 @

Interval breast cancer diagnosed within 1 year after last normal mammogram had significantly worse

breast-cancer-mortality compared to screen-detected breast cancer

Survival Analysis
Breast Cancer Type ©
Model Scrccning-detectod | Tterval breastcancer <1y | nteval breat cancer 1-25 37
(052D HR (9
Model I© 100 reference) ITRISE 117 (088-L5¢
Model 2 100 (reference) FINTERTN 112 (08415 64:95% C
Model 3 100 rference) MINESXST L17(086L6
Model 4° 100 reference) |10 (100237 LI7(05616
Model 5° 100 reference) [ 146 (| 02200 LI2(082153)
Model 6 100 (eference) 00 113 (083155
Node! 759 100 rference) z @151 The elevated risk of death
" This table reports a series of sequential multvariate models where 3 new variable is added to each for IBC,,, was dependent on
odel. Numbers in cell Raos and 95% increased tumor size and
follow-up. br lymph node involvement, as
, PR malle ser 3 et differences were no longer
adjusting for molecular subtype as the covariate ? f statistically significant after
* Model 2 includes. ! 2 further controlling for these
+ Model 3 ncludes n
clinical sl arm and dietary moification il arm tumor phenotypes
& Model S includesal variablesin model 4 with addiionl adjustment for tumor size
S ¢ o
& Model 7 ncludes o factors for
breast cancer ag iy comorbidiy, ttal
number of ms befo age at menarche, age at st binth, ncome, cducaion,
smoking satus,alobol intake and BMI )
o it sk factors in Model
e, (OSACT)-164 (1.14-234) yrand 116
(0841.59)for intevalbreast cancer 1-2.5 yr.
oHsU
Clinical Tumor Characteristic Analyses
croaning- | Alntorval LSS » [ervareca 0
Characteristics | detected BCa BCa <ty 125 yr
oo | (n=1052) (N=326) (N=728)
Viean (50] | Wean 5 Tiean (50} Tiean (50)
Tumor size, cm Te2025 | 16504 <5007 | 197 (1.61) <wT | 181 0
e S| ORGSR CT e Rl W[ ORWEHOT
Stage <0001 5w =
n'Situ su@izs) | 1781725 100 38 (11.84) 1,00 P o
Localized 1167 (60.93) 616 (5669) | 121 (098-1.48) 180 (s607) | 165 (1.15:239) A5 |l
Regional 3% (1725 | 2212141 | 153 (120-195) 92839 | 295 (197-442) o) |
11.056) 17(165) | 350 (1657.82) 12(374) | 1180 (4522878) 14 (pAna st
3 T =
Wel aif am@asy | 210 @83 100 58 (21.25) 100 e -
Moderataly diff 715(i203) | 394 (5289 | 109 (088139 134139) | 114 (081160) 261 (330) | 108 (0561.36)
Poorly difl 431(2534) | 207 (2685) | 1.4 (091.1.43) 85119 | 142(099203) 163.2542) | 103 (0801.34)
‘Ansplastic 138 (.11) 69(7.50) | 099 (071-1.39) 17628 | 089 050-157) 52801 | 103(072-150)
TN involvement 01 <oa0 %0
No 1503 (8301) | 802 (79.17) 100 223 (80.04) 100 579 (81.90) 100
Yos 326 (1699) | 2112089 | 129 (1.06-156) 100 s036) | 182 (138:240) 128 (18.40) | 108 (086-1.35)
Tiofecurar Type 750 ot &
ERVHER2. 767302) | 417 (704 100 116 (66.29) 100 301 7218) 100
ERVHER2" 145 (1382) | 85(1436) | 110 (082-147) 20(1371) | 1.10(068176) 61(1463) | 110(079-152)
ERJHER2Y 54(515) 30(607) | 107 (068170) 100 | 171(092318) 16389 | 082 (047-1.43)
riple Negative 8 ©01) 60(10.14) | 131 (092-187) 21 (1200 | 165(099277) 39(935) | 118 (079-177)
Histology Type 008 007 =
ctal 1566 (1965) | 7927572) 10 232 (7208 100 560 (17.35)
bular 19808 | 101(266) | 126 057-164) w2(130 | 178 (126257) 59(015) | 104(076:142)
Ductal + Lobular 227 (1159 | 137(13.10) [ 119 095150) sz | 122085175 96 (13.26) | 118 (091-1.83)
Others 1471 16(159) | 226 (1.10465) 7@ | 33 (135845 90129 | 180 ©77-418)
Interval breast cancers diagnosed < 1 year had significantly larger tumor size, more LN
involvement, higher clinical stage and more lobular histology OHsU




New Analysis Submitted/Unpublished Yet
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Inflammatory Diet and Breast Cancer Development Hypothesis

Chronic
Inflammation

Inflammatory
signals
o000 —

? Breast
Cancer
Anti-inflammatory
jet

Nutriional
Compounds
Probiotics

Dietary Pattern

The quantities, proportions, variety , or combination of different foods,
drinks, and nutrients in diets, and the frequency with which they are

habitually consumed.
Empirical hypothesis-oriented patterns
= Empirical Dietary Inflammatory Pattern (EDIP) score
= Empirical Dietary Index for Hyperinsulinemia (EDIH) score
= Empirical hypothesis-oriented dietary patterns combine advantages of a priori and a
posteriori methods




Development of the Empirical Dietary Pattern (EDIP) Score

= Sample of 5,230 women in the NHS who donated blood sample in

1989/1990

= Intakes of 39 previously defined food groups as predictors of 3 inflammatory
markers in the reduced rank regression model (Hu et al., Jnutri 1999)

= Reduced rank regression (RRR) models to derive a dietary pattern
predictive of 3 inflammation markers: CRP, IL6, and TNFaR2

= Stepwise linear regression applied to RRR pattern to identify important

components

= Components weighted and summed to constitute the EDIP score for each

individual

Tabung et al., JNutri (2016)
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Food groups for Empirical Dietary Inflammatory Pattern (EDIP) score calculation

Food Groups

Specific Food Intakes

Processed meat

Sausages, salami

Red mea Beef, lamb, hamburger paty
Organ meat Beef / chicken lver, other organ meats of lamb and beef
Other fish Canned tuna, fish ofher than dark-meatfish

Other vegetables

Celery, mushroom, green pepper, corn, eggplant, zucchini, cucumber

Refined grains

White bread, mufin, bagel or roll breads, white rice, pasta, biscuits, noodie

High energy beverages

Soft drinks, other carbonated beverages with sugar or fruit punch drinks

omatoes Fresh Tomato, tomato sauce
Anti-inflammatos
ea Dark tea
eer Beer
ine Wine
Coffee Coffee

Dark yellow vegetables

Carrots, winter squash

Leafy green vegetables

Spinach, lettuce, mixed vegetables

Snacks Potato chips, corn chips, pufak (extruded corn snack), popcorn, cracker
Fruft Juice Apple, orange,
Pizza Pizza

Tabung et al., JNutri (2016)

OHsU
TABLE 1 Components of the EDIl and their correlations with plasma inflammatory markers in the
Nurses’ Health Study (n = 5230, 1986-1990)"
AR dictary
patiem? eon o %) TNFaR2  Weights
AR dietary paten 100 056 on 019 015 A
e 10 o o o5 A
ED1 componens’
o assocstions
Procesed meat 02 02 008 009 oo 16503
e mest 0z I o 05 om 1019
Orgon moat o0 o0 006 00 oo 11
Oter fish 006 006 005 o o0 2525
Other vegetabies o o0 o oo ooz 1314
Ffined gains ¥ s o om o 6121
Hihenery beverages o oz o0 005 oo 15685
Loweneryybeerages o 019 o 05 oo r
Tomatoes 015 016 005 oo oo 15
e ssaciaions
e s 018 om om o 1599
Wine 03 03 on o1 015 2870
Teo o o oo om oor- 225
Cafee 0 o5t o o o w18
Dark yellow vegetables o on 006 o 16537
Lealy groon vgtables: 0z 02 oo 00 006 1029
Snacks o 0 oo omr o 5w
Fuit oo 003 o0 o o0 o0 5%
i o a0e 03 oo 005 nmat
* P >0.05, Tabung et al., JNutri (2016) OHsU




The EDIP score significantly predicted
concentrations of biomarkers in the NHS

Relative concentration of blomarkers

EDIP quintiles

L8 (P- -=-crP TNFaR2

Values are ratio relative concentrations, comparing biomarker
concentrations in higher EDIP quintiles to the lowest quintile
Tabung et al, JNutri (2016)
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Empirical Dietary Index for Hyperinsulinemia (EDIH) score Food Group

- Sy 1990

* P >0.05, Tabung et al., JBrNutr (2016) OHsU

Overall EDIP and EDIH score interpretation

= More negative scores of EDIP represent anti-inflammatory diets whereas
more positive scores represent pro-inflammatory diets

= Higher (more positive) EDIH scores indicate more highly insulinemic diets or
lifestyles (hyperinsulinemia or insulin resistance), while lower (more
negative) scores indicate low insulinemic or insulin sensitive diets or
lifestyles.




Overview of Case Selection Analyses

Enrollment

‘Women in the WHI Clinical Trials
(r=68.132)

Cancer dusing WHI follow-up years

Women dingnosed with Breast

Excluded (=2, 415)
* Dingaosed afier

ears from last

‘ogram (1-2236)

* Non-compliance (+=107)

+ Contradictory recording (a=11)
Missing (a=72)

Included in Analyses
(:=3.019)

= A | ]

|
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Statistical Considerations

Demographic and clinical variables comparisons between interval breast
cancer vs. screen-detected breast cancer using
= Test

Chi-square test
Logistic regression

Covariates were selected for inclusion in logistic regression models based on univariate
analyses as well as common risk factors for breast cancer.

Odds ratios (95% Confidence Intervals) of interval breast cancer associated with tertiles of dietary
inflammatory potential (EDIP) and empirical dietary index for hyperinsulinemia (EDIH) scores

EDIPT EDIHZ
Variable Tortle 1 Terlle 2 Terlle 3 (most Terlle 1 Tertle 2 Tortle 3 (most
(least inflammatory) (least insulinaemic)
inflammatory) insulinaemic)

Number of participants 748 749 748 748 749 748
Person-Years of Folow-up 1719 (5.68) 77.08 (5.85) 1638 (5.67) 1714 (5.68) 6.93 (578) 76.58 (5.95)
(Mean, SD)

WMean (SD) 13 (078) 011 (023) .07 (055) 082(0.70) 015 (021) 123073

WMedian 083 012 082 073 015 08

WMin, Max 752,032 032,049 049,528 584,022 022,052 052,505

Unadjusted OR 7,00 (Reforence) | 0.90(0.67. 1.21) | 099(0.74, 1.32) | 1.00 (Referonce) | 096 (0.72, 1.27) | 082061, 1.10)
"Adjusted OR ModeF 7,00 (Reforence) | 097 (0.71,1.32) | 1.07 (0.78, 148) | 1.00 (Reference) | 100(0.74, 1.34) | 092 (0567, 1.26]
T EDIP scores were adjusied for ofal snergy nlake Using the residual method 27 Figher Scores indicate & E Whie Tower

Scores inccate less inflammatory diets;
2 EDIH scores were adjusted for fotal energy intake using the residual method 27. Higher ( insulinemic diet (nyperinsulinemia
stance) whie lower (more negative) scores indicate low insulinemic or nsuiin sensitve diefs.
3. Adusted for age at enroliment, racelethnicty, total eneray intake, the Gail isk score, BMI, waist-to-hip ratio, comorbiy,tolal number of mammograms before.
diagnosis, income, education, smoking status, and alcohol ntake.
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Risk Factor Comparisons

Interval Breast Cancer |Breast cancer detected m
N=324) by screening (N=1,969)

Demographic characteristics

3/11/2021

Age at mean (SD). v 6307 (7.15) 63.24 (6.79) 068
BMI (kg/m?) at enroliment, mean (SD) 28.08 (5.35) 29.46 (5.74) <0.001
continuous variable
BMI (kg/m?) at enroliment, categorical variable <0.001

Underweight 2 (0.62) 8(0.41)
Normal weight 95 (29.32) 439 (22.30)
Overweight 126 (38.89) 675 (34.28)
Obese 101 (31.17) 847 (43.02)
Waist-to-hip ratio at enrollment, mean (SD)  0.81(0.07) 0.82 (0.08) 0.03
Height (cm) 161.8 (6.48) 162.2 (6.49) 025
Gail 5-yr risk score 2,00 (1.22) 1.86 (1.08) 0.03
Fanmily history of breast cancer, No. (%) 0.22
Yes 80 (25.9) 423 (22.7)
No 229 (74.1) 1441 (77.3)
Missing 15 105
Ever full-term birth, No. (%) 054
Yes 273 (96.5) 1732 (97.1)
No 10 (3.5) 51(2.9)
Interval breast cancers have lower BMI and Waist ip ratio
OHSU
0Odds Ratio
Model 1 Model 2 Model 3 Model 4 Model 5

BMI Categories
Underweight (BMI<18.5) |1.16 (0.24, 5.53) | 1.14 (0.24, 5.44) | 1.14 (0.24, 5.46) |1.12 (0.23, 5.39) |0.97 (0.20, 4.77)

Normal weight (BMI:18.5- | 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)
24.9)
Overweight (BMI: 524.9- |0.86 (0.64, 1.16) | 0.88 (0.65, 1.18) | 0.88 (0.65, 1.19) | 0.89 (0.66, 1.20) |0.93 (0.68, 1.26)
29.9
Obese (BMI > 20.9) 055 (041, 0.75) |0.57 (041, 0.80) | 0.58 (0.42, 0.81) [0.60 (0.43, 0.83) |0.64 (0.45, 0.91)
BMI Conti Variables
Per 1 unite increase 0.96 (0.94, 0.98) |0.96 (0.94,0.98) |0.96 (0.94,0.98) | 0.96 (0.94,0.99) |0.96 (0.94, 0.99)
WHR
Per 1 unite increase 0.58 (0.10, 3.32) |0.55(0.09, 3.18) |0.54 (0.09, 3.13) |0.53 (0.09, 3.14)
Gail 5-year risk
Per 1 unite increase 710 (1.00, 1.22) | 1.1 (1,00, 1.22) | 1.11 (1.00, 1.22)
T e v variabe e Tt ToToE e
modsl.
2 Model1: Unadjusted model
3 Model 2 Modal 1 + WHR
47 Model 3: Model 2+ Gal 5 year risk score
5 Model & y energy intake oy oxpe physical scivty
6 Model 5 Model 4+ oy cliical ral arm and cstary alcohol intake,breast feeding, number of
pregrancies, # ive biths,scucation and comorbidity
OHsU

Multivariate Logistic Regression for Insufficient (>2yr) Mammogram
Screening among women 50-75 years old among Probability Sample

Partcipant Charscierisics o555 73
v

o0
052,555
T
colege T 045,230 |
Marital Sttus T o5
Maried Living s red 000 T
Divorced widowed separaed | 176 (064 455
i L

Enployed
StodentRetired

The Understanding Cancer in
Oregon project aims to
understand the cancer-related
needs of Oregonians.

o
Undec ety weight
ight

S N R —
No o026 |

J——
T 7505 |
-
> e [EYGENED)
C

hitps:/www.ohsu eduknight-cancer- T —

insfitute/understanding-cancer-oregon S —— Y O —
o209 109 | 047

IO L) | 097

IR

11



Summary of Risk Factors and Interval Breast Cancer Risk

= Inflammatory Dietary Pattern or Hyperglycemic Index Dietary
Pattern are not associated with interval breast cancer risk

= Obesity is associated with lower breast cancer risk
= Gail risk score are positively associated with breast cancer risk

N

e |Jnique Biology

Interval Breast Cancer OHsU
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Diet, Microbiome and Interval Breast Cancer (DMIBC) Study----- Ongoing

Diet, Microbiome and Interval Breast Cancer (DMIBC) Study: Case-Control Study

Flyer for Cases Flyer for Controls

12



DMIBC Study Data Collection

[ Group 1

4 Non-screen-detected Breast Cancer | —.

including Interval Breast Cancer Patients
Group2
Screemngdﬂpeac‘(‘:‘greasl Cancer

Questionnaire Components Administration Mode
Demographic and Lifestyle REDCap or Paper

Currently enroll all
newly diagnosed
Breast Cancer
Patients before
Treatment

3/11/2021

Dietary History Questionnaire lll https://epi.grants.cancer.gov/dhq3/  ~Up to 30
Each participant will have a unique  mins
DHQIII Link or Paper
Arizona Food Frequency REDCap or Paper ~5 mins
Questionnaire
Stool Sample Collection Paper ~Up to 5 mins
Questionnaire
Total ~50 mins
9
OHsU
DMIBC Study Enrollment Status
Controls
(N=43)
Stool Sample Status
Complete 38 (72%) 42 (98%)
Waiting 6 (11%) 1(2%)
Not complete due to noncompliance and death 9 (17%) 0 (0%)
Age category
<50 years old 18 (34%) 9 (21%)
> 50 years old 35 (66%) 34 (79%)
Race/ethnicity
White 46 (87%) 40 (93%)
Other 7 (13%) 3 (%)
Education
Below college graduate 15 (31%) 4 (5%)
College graduate and above 34 (69%) 39 (95%)
oHsU

Breast Cancer Patients Characteristics

Breast Cancer Group N (Total=53)

General categorization
Interva Breast Cancer
Screen-detected Breast Cancer
Non-scroan-detected breast cancar other than iterval breast cancor
Yong omen braast cancer 20-540 years od
Invasivelin st
invasive
insitu
ER status
ERe
Er-
Waltngto be absiracted
PR status
PRe
PR
Not documented
Waltng o be abstracted
HERZ status
HER2+
HER2-

Not documenteditest not donelmissing

1 @1%)
30 (57%)
9 (15%)
3%

42(19%)
11 21%)

47 (89%)
5(0%)
1 2%)

42 (79%)
9(17%)
1(2%)

1.@%)

29 (55%)
13 (25%)

1 (21%) OHsU
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Next Steps

+ Examine gut microbiome in association with interval

breast cancer risk (new recruitment)

+ Examine tissue immune profiles in association with

interval breast cancer risk (new recruitment)

3/11/2021

OHSU/OsU
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» Jackie Shannon
« Sonali Jindal

Participants and
staff of WHI
cohort

Acknowledgement

WHI Writing Group
» Fred Tabung, Ohio State University
JoAnn E. Manson, Harvard University

Rowan Chlebowski, City of Hope National
Medical Center
Office of Research*  Jessica Krok-Schoen, Ohio State University

on Women'’s Health ) R
« Aladdin Shadyab, UC San Diego, School of
Medicine

m) Marcia Stefanick, Stanford University, School of
Medicine

National Heart, Lng,  \Michael Simon, Wayne State University

%S) Cancer Early Detection Advanced

Research Center

GHsU

&
OHSU

Thank You

IR

14



