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2017 Estimated New Cases

Breast cancer epidemiology

Female
Breast 252,710
Lung & bronchus 105,510
Colon & rectum 64,010
Uterine corpus 61,380
Thyroid 42,470
Melanoma of the skin 34,940
Non-Hodgkin lymphoma 32,160
Leukemia 25,840
Pancreas 25,700
Kidney & renal pelvis 23,380
All sites 852,630
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2017 Estimated Deaths

Female

Lung & bronchus

Breast

Colon & rectum

Pancreas

Ovary

Uterine corpus

Leukemia

Liver & intrahepatic bile duct
Non-Hodgkin lymphoma
Brain & other nervous system
All sites

71.280
40,610
23,110
20,790
14,080
10,920
10,200

9,310
8,690
7,080
282,500
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ACS; SEER
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Breast cancer epidemiology
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Fibrosis is an understudied risk factor in breast cancer, and
unexplored in the context of anti-tumor immunity
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Fibrosis is an understudied risk factor in breast cancer, and
unexplored in the context of anti-tumor immunity

The Association of Measured Breast Tissue Characteristics

with Mammographic Density and Other Risk Factors
for Breast Cancer
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Statistical Analysis
TCGA / TCC
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TCGA, Breast Cancer, female; Stage [IB—-1IIC;
neoadjuvant chemotherapy N=501
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TCGA, Breast Cancer, female; Stage [IB—-1IIC;
neoadjuvant chemotherapy N=501

100
80 T T
& 60
40
“| HIGH Low
0
1 1
| StromaoW 09 1 TILHEH
(o)
So077 S o071
g 06 T C 061 TILLOW
P 051 ﬂ P 05 (< 0.99%)
© 044 HIGH T 044
5 04 Stroma L 04
30371 (>50% ) 30371
021 02 1
011 p=0.023 0l
0 —t ]t 1 — 0 } } } } } } } } } }
01 23 45 6 7 8 9 10 012 3 45 6 7 8 9 10

Years since therapy Years since therapy



Kaplan-

I Gene Expression Analysis

kmplot.com

* Select genes
e Split patients: median
* Relapse-free survival
* Analyze subsets (N)
— ER-/HER2-/PR- (255)
— HER2+ (252)
— Adjuvant chemotherapy (594) COL1A1  Collagen Creation

— Neoadjuvant chemotherapy (111) Egg T Cells
— Tp53 mutations (188)

e p<0.01

ACTA2 (AN)
ALDH1A3 (V)
CCLS ()
CXCL12
NANOG (N
PDGFA (M)
SOX2 (N
TGFB1 (M)

Gyorffy et al. Breast Cancer Res Treatment (2010)
Busch et al. Molecular Cancer (2017)



10-Year Relapse Free Survival
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Gene expressions associated with
stromal activation potentially predict
patient outcomes

GENES

ACTA2 ALDH1A3 CCL5 COL1A1 CXCL12 NANOG PDGFA SOX2 TGFB1 VEGFA

CD3 CD8

AL ol - | |
HER2+ o x
ER+HER2+

Endocrine Tx

* %k
Adj.Chemo. x x o m
tp53 Mut. m =

Neoadj.Chemo.

*  Guide treatment decision
 Potential targets for novel therapeutics



% Baseline
Proliferation Index

Experimental data
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Activation versus Homeostatic Proliferation in T-cells

Post-thymic Naive T-cells:
Low affinity for self-peptide-MHC
High affinity for foreign-peptide-

MHC




"

I

i
)
/

i

ficial
collagen matr

Bioarti

4

.08
y, %
2

"%

IX

Stimulate with
homeostatic

cytokines

)
[ R AN
- "

PRY I
SRS

aﬁx

V 4

<
x
=
(0]
+—
0
-]
£
e
(Vs

https://www.ptglab.com/Products/Pictures/COL1A2-Antibody-14695-1-AP-IHC-70256.jpg

C
RS,
-

©
=
-

O

©
o
o
T

ProteinTech



Count

Lipophilic Dye
Dilution Assay

0 1‘02 103 104 lﬂs

Comp-Alexa Fluor 405-A:: Cell Tracker Violet

Fourth
generation

Third
generation

‘\"‘ Second

generatmn
i First
-— generation
- X
o
*F.

Generation 0: 1062
Generation 1: 450
Generation 2: 925
Generation 3: 1571
Generation 4: 1885
Generation 5: 1629
Generation 6: 861
Generation 7: 284

Percent Divided: 60.18
Proliferation Index: 106.85
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Statistical Analysis
TCGA / TCC
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ABM rules

Collagen contact inhibits the cell division
Cells move by Brownian motion

Once a cell divides both parent and daughter cell become a
generation older

We track the generation distribution at the end of the simulation
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An example simulation
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Tweakable parameters

 How often cells move per generation?
 How fast the cells escape after collagen contact.
* Collagen density in the well.
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Best fit for 2.5 ug/mlL collagen
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10ng/ml IL-2

Count

Best fit for entire IL-2 assay
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Determine functional response of T cell
proliferation (R) to collagen density

dR
— = p(C)R
dt
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Statistical Analysis Experimental data
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Model evolution

Model B

Model C

Model evolution

Model H1

Model H2

‘ tumor cell

Col collagen
A positive influence

v~ negative influence

n) normal fibroblast

activated fibroblast

lLa) activated lymphocytes

not activated" lymphocyte



Final model

Model H2




__stimulation stimulation by
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Homeostasis — no tumor
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Tumor growth dynamics
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Sensitivity to parameters 1/2

tumor size after 1/2 year
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Sensitivity to parameters 2/2

tumor size after 1/2 year
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percent fibroblasts in tissue

Stroma and lymphocytes in patients

N=1097 breast cancer TCGA patients
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Treatment simulation

e ey 1 -1
vary initial Y% year run-in phase treatment 255055

collagen > » treatment
content effect



Radiotherapy simulation

5x5 doses of 2 Gy
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Chemotherapy simulation

Docetaxel, given every 3 wk

highest Chemo sensitivity
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Experimental data
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Central Hypothesis: Treatment response and ultimately outcome may be linked to the patient-
specific Tumor-Stroma-Immune Ecosystem (TSIE) prior to and its evolution during therapy

AIM 1. Determine treatment-induced shifts in Tumor-
Stroma-Immune Ecosystem composition.

1A) Assess TSIE composition (multiplex
immunohistochemistry, gene expression) in retrospecitve
TCC biopsy samples and correlate TSIE composition with
treatment outcome (pCR).

Yellow = CD3

1B) Calibrate & validate mathematical model dynamics
using TSIE and outcome data.

AIM 2. Predict optimal treatment for immune activation
and tumor control. Simulate if NCT can be escalated
where needed and de-escalated where possible.




Patient impact

* Personalization and stratification
* Add to Oncotype Dx 21 Gene Signature
* |dentify new therapeutic targets

e Diffusion Weighted MRI
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30371 (>50%)
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* Improve OS

0
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Budget

Aim 1A: 50 retrospective TCC samples
« Cytokine analysis S7.5K
* Multiplex IHC, S17.5K

» 7 markers per panel; S350 per panel

Aim 1B } Math Modeling postdoc, S20K
Aim 2 30% FTE

AACR presentation, $2.5K
— (registration, airfare, lodging)
Cancer Research publication, S2.5K

S50K



Thank You.
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Evolution of dynamic immune state 1/2
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Evolution of dynamic immune state 2/2
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PRCC value

This DOES include eta and Rho_R

Correlation Plot of ratio from IMO7LHS simulations, 250 samples
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t value
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Sensitivity Plot of ratio from IMO7LHS simulations, 250 samples
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Patient Data Analysis TCGA Population
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