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INTRODUCTION

Our project aims at integrating in vivo imaging information on breast cancer to correlate to the
underlying molecular alterations in the tissue in order to improve characterization and
prognostication of detected lesions and subsequent management of the disease. Our data
come from breast cancers diagnosed from the Tomosynthesis Mammographic Imaging
Screening Trial (TMIST) Lead-In component. Existing breast cancers are being analyzed
retrospectively. Tissue blocks are retrieved for molecular analysis including targeted mutational
sequencing and expression profiling. Mammographic images from the same cases are being
studied to identify potentially informative radiomic imaging patterns. In addition to analyzing the
existing specimens, we will also prospectively recruit newly diagnosed breast cancer patients
from the TMIST Lead-In for whole-mount (WM) histopathological processing of their surgical
specimens. Since the spatial context of tumor and surrounding stromal tissue are preserved
with WM processing, we can coarsely co-register the findings from our molecular examinations
to imaging data to identify radiomic features that would potentially be useful for predicting the
aggressiveness of cancer.

KEYWORDS

Breast cancer characterization, imaging, tomosynthesis, radiomics, molecular analysis,
biomarker, radio-histo-genomics

ACCOMPLISHMENTS

To date, we have identified 57 cancer cases from the TMIST Lead-In trial. Of these cases we
excluded a total of 13 cases for molecular studies due to insufficient amount of DNA/RNA or
other limitations (e.g. patients received neo-adjuvant treatment). 42 cases have been
sequenced, analyzed and annotated, and 3 prospective whole-mount surgical cases
completed to-date. There have been no new cases added during this reporting period.

DNA and RNA were harvested from 42 invasive screen-detected cancers and analysed with
NGS targeted sequencing with the Oncomine Comprehensive Assay v3, RNA transcriptomic
profiling, as well as the Nanostring 200-gene assay developed by our collaborators Drs. Bayani
and Bartlett at OICR. Prognostication of the screen-detected tumors was conducted based on
results from the Nanostring 200-gene assay, which provided estimated scores of Prosigna Risk
of Recurrence, Mammaprint, OncotypeDx multi-parametric assays, as well as PAM50 intrinsic
molecular subtype and Mammatyper subtype classifications. Our analysis indicated that over
70% (31/42) of the analyzed tumors were classified as Luminal A subtype based on PAM50.
However, 11 out of 31 of these PAM50-defined Luminal A cancers were classified as LumBL
(Luminal B-like, HER2-negative) or HER2+ with Mammatyper. Moreover, although PAMS0-
defined Luminal A cases usually have favorable prognosis and exhibit low recurrence risk, a
large fraction (12/31) of these cases appeared to exhibit intermediate to high recurrence risk in
the OncotypeDx assay. These data suggest that there could be underlying latent elements that
could drive non-invasive cancer cells to become aggressive, or switch them from dormancy to
active proliferation later on. PAM50-defined Luminal A cases which were either classified as
LumBL or HER2+ subtypes by Mammatyper, or that demonstrated an intermediate/high risk
OncotypeDx scores, are collectively referred to as high-risk Luminal A (Luminal A HR), while the



concordant PAM50 and Mammatyper Luminal A cases, or the ones that exhibited low risk in
OncotypeDx, are referred as low-risk Luminal A (Luminal A LR).
We attempt, by means of differential
gene expression analysis to identify
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Figure 1: Volcano plot of differentially expressed genes Eﬁgﬁg;ﬁééﬁfﬁﬁta?d Anillin actin

between HR and LR Luminal A cancers. Red, genes that
are up-regulatedin HR Luminal A cancers compared to
LR. Green, genes that are down-regulated. A few of
the candidate genes were indicated on the plot.
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Interestingly, these genes have been
shown to be part of cell cycle
machinery and involved in cell cycle
progression or proliferation
(Magnusson et al. 2016; Hou et al. 2018; Santarella et al. 2007). Genes that were down-
regulated in HR cancers include Fc Gamma Binding Protein (FCGBP) and Wnt family member
11 (WNT11). Some of these potential targets have already been reported to be responsible for
increased invasiveness and poor prognosis in cancer (Chen et al. 2014; Das et al.

2021). Contrary to our findings, both FCGBP and WNT11 were reported to promote
aggressiveness in breast cancer and colorectal cancer respectively (Menck et al. 2021; Yan et
al. 2022; Zhuang et al. 2021).

Our upcoming activities on protein multiplexing will focus on assessing the various cellular
components in the tumor microenvironment (Tumor infiltrating lymphocytes TILs and
macrophages, and cancer-associated fibroblasts) and how their composition and spatial
arrangement with regards to the cancer epithelium could be correlated to radiomic signatures.
We will also evaluate the protein markers of some of the differentially expressing genes
between Luminal A LR and HR cases.

The radiomic team completed the development of a semi-automated pipeline for the registration
of imaging-pathology-genomic 3D visualization. This pipeline will be applied in our some of our
whole-mount processed breast specimens which would allow us to identify imaging/radiomic
features which could be associated with particular molecular signatures from genomics and
proteomics analysis.



IMPACT

Our analysis of a small sample size suggests that a majority of the screen-detected breast
cancers are of the Luminal A intrinsic subtype, which usually have the most favorable prognosis.
However, within Luminal A cancers there appears to be a subset of cancers that mimic the more
aggressive Luminal B cancers, and exhibit moderate to high prognostic risk scores. This finding
implicates that there is a need to further characterize Luminal A cancers, and identify the
elements that drive aggressive changes in the long run. This will be one of the objectives of our
application to the DoD BCRP FY22 Expansion Award.

CHANGES/PROBLEMS

We submitted a second no-cost extension (NCE) request for this project. Our project was
delayed due to Covid-19 implications (reduced access to pathology samples and number of
patient interaction/visits) and a disruption in the completion of the multiplexing studies due to
failure of the older protein multiplexer. We have successfully replaced our old system with a new
model (CellDIVE, Leica Microsystems). It was installed and tested in May and June of this year.
We have replenished our supply of conjugated antibodies of interest. Due to improved image
quality and throughput capacity of the new system we have some ability to catch up and we
plan to complete biomarker multiplexing on select samples by the beginning of 2023.

PRODUCTS

Nothing to Report.
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