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CITY OF HOPE

Objectives

Liquid Biopsy for Early Detection:

Review selected liquid biopsy tests 
for colorectal cancer or multi-
cancer detection.

1

Immunology & AI:

Recognize prognostic and 
predictive potential of immune 
measures in colorectal cancer and 
advances in computing and AI.

2

High Risk Management:

Apply advances in identifying and 
managing individuals & 
populations with genetic risk.

3
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What do you do with a positive Guardant SHIELD test?

• Colonoscopy

What do you do with a negative Guardant SHIELD test?

• Reassure
• Repeat every 3 years
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Liquid Biopsy - Early Detection

• Commercially available – Guardant SHIELD
• Blood-based colorectal cancer
• FDA-approved in 2024
• Covered by Medicare

• Commercially available – GRAIL Galleri
• Blood-based Multi-cancer early detection test
• Cash pay – not covered by insurance
• $949

• Clinical Trials at City of Hope
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Ongoing Studies of GRAIL Galleri Test

• United Kingdom
• United Kingdom - NHS study of 140,000 people
• Goal – Does Galleri test lead to a reduction in diagnosis of Stage IV cancers?
• Results expected 2025-2026

• United States
• Medicare demonstration project 50,000 people
• “REACH” study – 1st pt enrolled July 2024)

• Usual care + annual Galleri test vs. Usual care alone
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What do you do with a positive GRAIL Galleri test?

• See your doctor
• Additional testing

• CT, MRI, PET scan
• Blood tests
• Biopsy

What do you do with a negative Grail Galleri test?

• Continue to screen with approved screening
• Mammogram
• Colonoscopy
• PSA
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Objectives – Epidemiology of Immune Responses

Access:

Explore potential impact of 
universal germline genetic testing 
for all cancer patients.

1

Immunology & AI:

Recognize prognostic and 
predictive potential of immune 
measures in colorectal cancer and 
advances in computing and AI.

2

High Risk Management:

Apply advances in identifying and 
managing individuals & 
populations with genetic risk.

3



Epidemiology of Immune Responses
in Colorectal Cancer

R01 CA197350 



Microsatellite Instability

Rozek, Schmit et al, JNCI, 2016



Tumor Infiltrating Lymphocytes

R01 CA197350-01 Rozek, Schmit et al, JNCI, 2016



Artificial Intelligence

• Deep Learning especially useful for image recognition

• Predicting dichotomous biomarkers – transformer based

• Predicting continuous biomarkers – regression based



Figure 1: Scientific context of our proposed project. Selected relevant articles of deep 

learning histopathology arranged by level of evidence (single center, multicentric, or FDA/EMA 

approved). AI = artificial intelligence, NSCLC = non-small-cell lung cancer, WSI = whole slide 

image, ER = estrogen receptor, MSI = microsatellite instability, GI = gastrointestinal, HNSCC 

= head and neck squamous cell carcinoma, CCA = cholangiocarcinoma, FDA = Food and 

Drug Administration, EMA = European Medicines Agency.

Digital pathology has potential to improve:
• Tumor detection/diagnosis
• Mutation profiles
• Treatment Response
• Survival  

Deep Learning – AI Approaches to Precision Medicine 



• “Our overarching goal is to shift the paradigm of how CRC is 
diagnosed and molecularly characterized through histologic, genomic, 
and immune features derived from routinely collected images.”

EPICO
Epidemiology, Pathology, Immunology, 

and Colorectal Cancer Outcomes
R01 CA263318



Pathologic Predictors of Microsatellite Instability

Greenson et al, Am J Surg Path, 2009
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Tumor detection and MSI prediction in H&E histology. a) High resolution scanned image from FFPE recut H&E stained slide from MECC case 10248, an MSI-

H tumor shown at low power magnification. b) Spatial patterns of predicted MSI score from MSIDetect network algorithm, applied to MECC 10248. c) Receiver-

operator curve predicting MSI among 279 MECC cases, yielding AUC = 0.80, (95% confidence interval, 0.74 - 0.89)
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Predicting Microsatellite Instability from H&E Slides



13,000 patients

16 CRC cohorts

• MSI prediction

• BRAF

• KRAS





Wagner et al, Cancer Cell 2023

Workflow



Attention allows 
interpretability

What are the 
relevant features 
and how they 
relate among 
each other

Wagner et al, Cancer Cell 2023



Predicting MSI status from histologic images: transformer-based

Wagner et al, Cancer Cell 2023

Predicting MSI from surgical 
resection specimens is 
highly accurate (AUC = 0.96)

Clinical-grade performance 
on biopsy specimens from 
two external cohorts
(AUC = 0.92 and AUC = 0.86)



Envisioned clinical workflow from MSI analysis of biopsies

Wagner et al, Cancer Cell 2023



Predicting TILs/hpf with Regression-based AI

Gruber et al, AACR 2024

Pathologist-counted TILs/hpf = 10.0

AI-Predicted TILs/hpf = 8.41

El Nahhas et al, AACR 2024



5-Year Colorectal Cancer Specific Survival - HopeSTIL

Gruber et al, AACR 2024

TM



20-Year Overall Survival - HopeSTIL

Gruber et al, AACR 2024

TM



Gruber et al, AACR 2024

Multivariate Cox Proportional Hazards Model
5-Year Cancer-Specific Survival

Variable Hazard Ratio 95% Confidence Interval p-value

AI-Predicted TILS 0.70 (0.52 – 0.94) 0.018

Age (continuous) 1.01 (1.00 – 1.02) 0.058

Sex (M vs. F) 1.00 (0.80 – 1.25) 0.990

Stage (III/IV vs. I/II) 6.69 (5.24 – 8.53) <0.001

Microsatellite Instability (MSI-H vs MSS) 0.83 (0.60 – 1.16) 0.278
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Objectives – High Risk Management

Access:

Explore potential impact of 
universal germline genetic testing 
for all cancer patients..

1

Immunology & AI:

Recognize prognostic and 
predictive potential of immune 
measures in colorectal cancer and 
advances in computing and AI.

2

High Risk Management:

Apply advances in identifying and 
managing individuals & 
populations with genetic risk.

3



Models for Managing Individuals

https://hereditarycancer.dfci.harvard.edu/mylynch/



MyLynch

• Case Example - hypothetical

• 35 yo Black woman, non-
Hispanic, with MLH1 and no 
prior history of cancer

• 5’4”  160lbs (BMI 27.5)

https://hereditarycancer.dfci.harvard.edu/mylynch/



Hypothetical Case – MyLynch

• Case Example

• 35 yo Black woman, non-
Hispanic, with MLH1 and 
no prior history of cancer

• 5’4”  160lbs (BMI 27.5)

• No screening or 
chemoprevention…risk of 
CRC at age 75 is 69%

• Colonoscopy, but NO 
aspirin… risk of CRC at 
age 75 is 30%.

• Colonoscopy WITH 
aspirin…risk of CRC at 
age 75 is 18%.
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Summary

Precision Medicine Integrating Germline Genetics: Lessons from Colorectal Cancer

▪ Liquid biopsy holds promise as technologies continue to emerge with improved performance

▪ Artificial Intelligence identifies features from digital pathology to predict clinically relevant outcomes

▪ Quantitative tools point patients towards preventive management of colorectal cancer risk

36
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