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Background
* Human epidermal growth factor receptor 2 (HER2) immunohistochemistry
(IHC) testing, and the corresponding ASCO/CAP (American Society of Clinical
Oncology/College of American Pathologists) guidelines, are routinely used to
identify breast cancer patients that benefit from HER2-targeting therapies [1].
- These tests, however, are not optimized for identifying patients who might
be eligible for novel HER2 targeted antibody-drug conjugates (ADC)
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* Trastuzumab deruxtecan (T-DXd) [2], a novel HER2-target antibody

conjugate (ADC), demonstrated clinical benefit in HER2-positive (IHC 3+, HC

2+/ISH+) and a portion of HER2-negative/HER2low (IHC 2+/ISH-, IHC 1+)

advanced stage breast cancer patients as part of the DS8201-A-J101 phase

1, two-part, i pen-label trial.

- Patients were enrolled based on local HER2 results and HER2 status was
centrally confirmed based on an FDA approved test using 2013 ASCO/CAP

This HER2 Low
negative according to ASCO/CAP gmdehnes
* To develop a more quantitative and reproducible assay for HER2 positivity,
and clinical benefit for T-DXd, we applied a machine learning (ML) approach
trained on expertly labeled breast cancer (BC) histopathology images.

- ML approach enables capture of orthogonal histopathologic features such
as quantification of tumor infiltrating immune cells and their spatial
localization, which may further inform the likelihood of patient response to
T-DXd.

* Here we evaluate the utility of our approach versus manual scoring for
predicting patient and i iati

interpretable ML derived features and clinical parameters including manual

HER2 scores.

* Whole slide digital HER2 and H&E images were available for analysis from 154
enrolled BC patients from the DS8201-A-J101 trial.

- Samples were digitized using the Aperio AT2 scanner and uploaded to the
PathAl research platform (PathAl; Boston, MA; not intended for diagnostic
purposes).

* 87 board certified pathologists were selected to annotate tissue regions and
cellular foci on the PathAl research platform yielding 91,247 annotations
[Table 1].

* ML models based on convolutional neural networks were trained to recognize
partial and complete HER2 membranous positivity in BC cells, immune cells,
and tissue compartments within the HER2 stained BC samples.

- Once trained, models were evaluated on a held out set of BC samples.

* We features by 0 i
the entire whole sllde \mage producing 1,719 patient
= ML derived patient-level features were clustered and selected, with false

discovery rate control, for predicting patient outcomes and HER? status
[Table 2].

- Thresholds for feature-based patient selection were identified using 10-fold
cross validation optimizing for hazard ratio (HR) between patients with
feature values above and below the threshold.

utilizing both significant features, the immune cell

membranous with increased non-membranous features (4" column).
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* Images and clinical data were available from 149 of the BC patients * Manual HER2 scoring, selecting 122 patients (81.8%), was not found to — <A ite biomark
treated with T-DXd for inclusion in this study. be significantly associated with PFS (HR 0.64 [95% CI 0.339, 1.198], density ratio in the tumor stroma vs. the tumor epithelium and the feature
p=0.162), as well as not significantly associated with ORR (52.5% vs. measuring complete ic HER2
. ) 40.7% (p=0.29)) [Figure 3] 0 ity i staining, selecting 92 patients (61. 7%) was found to be significantly
Table 1. Summary of Pathologist Annotations Immune cell density in the stromal 9, g 92 p: g y
= compartment vs. epithelium associated with PFS (HR 0.389 [95% CI 0.225, 0.644], p<0.001) and ORR
Region Type Count Cell Type Count e (59% vs. 37%), p=0.011) [Figure 5]
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lymphocyte) density ratio in the tumor stroma vs. the tumor epithelium, 5 : ; oAl compe
selecting 96 patients (64.4%), was found to be significantly associated %2 : !
with PFS (HR 0.415 [95% Cl 0.25, 0.687], p<0.001) and ORR (57.3% vs. i : M
37.7% (p=0.027)) [Figure 4] m i |
. aML feature complete 0 H o 5 B EY s * ML models identify tissue immune cells, and
metne HER2 positivity in BC cells within the T-DXd patient sample cohort.
HER? positive BC cells vith increased Peri-nuclear/cytoplasmic HER2 ™ positivity B 2
taining, selecting 128 patients (85.9%), was found to be significantly Pttt H 4 i H H H H X "
s . ith PFS (HR 0.404 [95% Gl 0.21, 0.78], p=0.007) and ORR * ML generated features measuring complete membranous HER2 positive
e P 0(09 - § # 21, 0.78), p=0.007) an oo BC cells with increased peri-nuclear/cytoplasmic HER2 staining selects
(55% vs. 24% (p=0.009)) [Figure 4] Ceet ey more patients (85.9% vs 81.8%), while maintaining a comparable HR
staiing ntensiy (below). (0.404 vs 0.637) and ORR (54.7% vs 52.5%) to manual HER2 scoring.
Table 2. Results of Association Between PathAl Derived Features, Manual HER2 Scoring and Patient Survival and Response * These results highlight the potential of ML models to select patients for
anti-HER2 therapy above and beyond conventional HER2 scoring in an
IR Complets Posttive Cols c automated fashion.
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