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Role of Al and Computational Imaging in developing Better
Diagnostic, Prognostic, and Predictive Tools

Diagnostic: /dentifying presence of disease
Prognostic: Predicting Disease Outcome, progression

Predictive: Predicting Response to treatment

Precision Medicine: Using Prognostic and Predictive Tools for Tailoring Therapy
for a given patient based off specific risk profile
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Artificial intelligenceis a
black box that thinks in ways
we don’t understand. That’s
thrilling and scary. p. 54

: Analytics Insight

What is Inside the BLACK BOX
of Artificial Intelligence?
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The individual in the photo is Anant Madabhushi, a renowned expert in the field of medical imaging
and artificial intelligence. His work is highly recognized, particularly in developing Al algorithms for
medical image analysis to predict disease progression and treatment outcomes. He has received

numerous awards and honors for his contribu"\b 1s to the field. This headshot was taken at Emory

University, as indicated by the background.
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Single-cell Identification







Which breast cancer patients will receive added benefit from
chemotherapy?

Oncotype DX molecular assay (Genomic Health, Inc.)
— For early stage (LN-), ER+ patients

— Recurrence Score (RS) between 0-100
— Predicts:
* Likelihood for 10-year distant recurrence
* Expected benefit from adjuvant chemotherapy
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Recurrence Score= + (.47 x HER2 Group Score
- 0.34 xER Group Score
+1.04 «x proliferation group Score

<+ ﬂ . 1 u ¥ Invasion Group Score

PROLIFERATIOMN

ESTROGEN OTHER +ﬂ lu5 - cpes
-0.08 xestM1
- ﬂ .D? ¥ BAG1

Paik et al., N EnglJ Med 2004 351: 2817-2826



Collagen fiber detection
Epithelium seigmentation

Collagen vectors in tumor-associated stroma

Low degree of disorder Collagen fiber orientation disorder calculation High degree of disorder

long term survival

Li et al, npj Breast Cancer, 2021



Disorder of collagen fiber orientation associated with risk of recurrence in ER+
breast cancers in ECOG-ACRIN E2197 & TCGA

Unmet Clinical Need

+ Early stage ER+ breast cancer (BC) is the most common type of
breast cancer in the United States

» Predicting the likelihood of recurrence for patients helps physicians
plan more tailored treatment strategy to improve survival rate.

Results:

Collagen Fiber Orientation Disorder in Tumor associated Stroma (CFOD-TS)
was independently prognostic for ER+ BCs in E2197 and TCGA.
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Take away:

Over-expression of CFOD-TS independently associated with lower
likelihood of recurrence and could potentially serve as a prognostic
marker of outcome for ER+ invasive breast cancer.

Li et al, npj Breast Cancer, 2021




Survival Probability

IbRiS adds prognostic value to Oncotype DX Risk Categories in in Estrogen

Receptor Positive (ER+) Breast Cancer
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Computer extracted features of immune architecture from H&E Whole slide images are associated with

disease-free survival and benefit of radiotherapy in Ductal Carcinoma in situ (DCIS)

DCIS with the Associated
Micro-environment Extracted
AR el TR T ]

Example DCIS and corresponding TIL density map
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Li et al, Lancet Dig Health, 2024
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A predictive biomarker of docetaxel benefit in metastatic castration-sensitive prostate cancer (mCSPC)

Validation in the CHAARTED phase lll randomized controlled trial

* Docetaxel has proven survival benefit in metastatic disease, however benefit is heterogeneous
* Clinical trials show variable benefit when combined with ADT or ARPIs, especially in low volume metastasis

Prostate biopsy There are no established biomarkers to identify patients who will benefit from docetaxel
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Al Virtual Staining for Identifying Tumor-Associated Macrophages from H&E: Prognosis of
Head and Neck Cancer

VISTA framework for H&E to IHC image translation
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Qualitative results on H&E to CD163+ IHC image translation

Ground truth Ground truth
(CD163+ IHC) VISTA  Pyramid Pix2Pix

o

Difference in cell
nuclei boundaries|

Difference in
IHC+ regions

Difference in
overall quality

Methods

. Analysis on 968 HPV+ OPSCC patients - Train -> 102 co-registered H&E & CD163+ IHC
. Validate -> 50 co-registered H&E & CD163+ IHC - Validate -> 816 H&E WSIs with OS available

Reference: Aggarwal, A. Artificial Intelligence-Based Virtual Staining Platform for Identifying Tumor-Associated Macrophages from Hematoxylin and Eosin-Stained Images. Eur J Cancer (2025).




Virtual Al Staining for CD8+ Immune Cells on H&E Predicts Survival in Lung Cancer Patients
Treated with Immunotherapy

IF (S08-8134) - CD8/CD4

Barrera et al., (Under review)
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Predicting immunotherapy response using biology inspired Al biomarkers
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Prospective Observational Validation: Preliminary Findings in INSIGNA/EA5163

( INSIGNA/EA5163 )

Ongoing Prospective Randomized Phase Ill Trial
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Al-Informed Retinal Biomarkers Predict 10-Year Risk of Onset of Hematological Malignancies

3 cancer types
P Patients with Existing

Leukemia (N=440) Cardiovascular event

_ ‘e
A %
| °

\_

Lymphoma

Inflammatory
mediators

( Study design )
p | y desig J S
T d f d . Pathogenesis Hypotrlesis
1237 Patients O reduce contounaers: - A ~ - .

I= N "4

Patient matched for ‘We teukemia e ¢
10-year follow-u 4 ; ,
v P Age, Sex, HTN, Diabetes L} Patient Ad
‘. e mmune
-‘,5 MY a:terations

@
Mye|oma (N = 314) removed Reti:alvessel
changes
Lymphoma (N=483) ¢
\ J
. . )
-~ Results (Quantitative) ] ™\
0 RetHemo,,, on D2, -
[—: | — Hionisk meaL e ® % Patient B2
Cluster 1 09 SLAMFT L ] L |
/_{ EO.B CD4 b4 L .
Cluster 2 E
L‘ g, PROX1 @ ® &
T o ﬂR?%% [95% CI: 1.27 - 4.75] M @ ¢ o
THRAPZ @ @ &
i i 0 20 40 ﬁmeG(OMunths) 80 100 120
« r:xsto;es%h r;lsg 12 o4 % & & 51 coXea1 @ . ®
Events 0 3 11 17 27 34 36
Cluster 4 Low Risk
o 5 %% % % % B oa leukemia  Myeloma Lymphoma
Events 0 1 3 8 13 17 19 Cohort
Retinal features based Risk stratification upto Retina based High risk
clusters have difference 10 years prior to onset of patients had elevated
in risk of developing cancer levels of inflammatory
N cancer proteins (proteomics) PAS

[ Results (Qualitative)

—

Low risk for Leukemia

High risk for Leukemia

Patient B

Singh et al., (Under review)



Take Away

Al is not magic — Need to be thoughtful and intentional in developing
algorithms.

Computational Analytics with routine imaging and data could help
address questions in precision medicine, specifically prognosis and
predicting response to therapy

Low cost computational diagnostics, need to be intentional in addressing
equity. Global impact, especially low and middle income countries.

Critical need to validate on completed and prospective clinical trials to
establish predictive validity and establish higher levels of evidence.
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