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• Consultant for Bayer Inc., and Canel Therapeutics

This presentation and/or comments will be free of any bias toward or promotion of the above referenced companies or their 
product(s) and/or other business interests.

This presentation and/or comments will provide a balanced, non-promotional, and evidence-based approach to all diagnostic, 
therapeutic and/or research related content.

This presentation has been peer-reviewed and no conflicts were noted. 

The off-label/investigational use of  68Ga-FAPI-46, 18F-FAPI-74 will be addressed. 



Cultural Linguistic Competency (CLC) & Implicit Bias (IB)

STATE LAW:

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must
include a cultural diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a
physician and surgeon must contain curriculum that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care 
component. 

This presentation is dedicated solely to research or other issues that do not contain a direct patient care component. 
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https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241


PDAC has dire prognosis 



PDAC has dire prognosis 

• Top cause of cancer-related 
deaths

• Almost uniformly fatal: 

• deaths =  incidence

• Substantial differences

• Stage I : 26-months 

• Stage IV: 4·8-months

• Urgent need to improve 
outcomes 

*NCI SEER Program: https://seer.cancer.gov/statfacts/html/pancreas.html 

https://seer.cancer.gov/statfacts/html/pancreas.html


PDAC has dire prognosis 

• Top cause of cancer-related 
deaths

• Almost uniformly fatal: 

• deaths =  incidence

• Substantial differences

• Stage I : 26-months 

• Stage IV: 4·8-months

• Urgent need to improve 
outcomes 

*NCI SEER Program: https://seer.cancer.gov/statfacts/html/pancreas.html 

https://seer.cancer.gov/statfacts/html/pancreas.html


Early Detection: Highest potential to improve outcomes*

Opportunity Challenges

*Goenka AH, Chari ST, et al. Pancreatology. 2020 Oct;20(7):1495-1501 

• Survival benefit beyond lead time

• Tumors are smaller in volume & 
more likely to be resectable

• Increases prospect of surgical 
resection prior to cancer-induced 
cachexia

• Nonspecific early symptoms

• Rapid progression to death after 
symptoms: Small window of 
opportunity

• Imaging cannot detect early PDAC

• Lower incidence: ~38 per 100,000



The D (define) E (enrich) F (find) approach

*Kenner B, Chari ST, et al. Pancreas. 2021 Mar; 50(3): 251–279



Imaging: The Final Frontier 

~40% of PDAC< 2-cm can be missed on imaging 

Even in later stages, sensitivity of CT/MR: 76-92% 

Critical need to augment our imaging capabilities 



Can we use AI to detect 
Visually Occult Pre-invasive PDAC? 



Volumetric Pancreas Segmentation: Fully automated

A Two-Stage AI Model for Fully Automated Volumetric Pancreas Segmentation on CT
Goenka AH, et al. Med Phys. 2021 May;48(5):2468-2481



Pre-Invasive PDAC: Visually Occult at 3-to-36-months prior to clinical diagnosis* 

* Chari ST, et al. Pancreatology. 2020 Oct;20(7):1495-1501; Goenka AH et al. Med Phys. 2021 May;48(5):2468-2481  

Pancreas tends to be normal on pre-diagnostic CTs



Subclinical changes can be detected with radiomics



Radiomics feature extraction & selection ML Classifiers

Testing ML Classifiers Radiologists vs. ML Classifier Validation of ML Classifier’s 
Specificity

Prediagnostic cohort

(n=155)

Control cohort

(n=265) 

*Goenka AH, et al. Gastroenterology. 2022 Nov;163(5):1435-1446.e3.

Radiomics-based Machine-learning Models Can Detect Pancreatic Cancer on Prediagnostic 
CT at a Substantial Lead Time Before Clinical Diagnosis



Detection at a substantial lead time [386 (97-1092) days] prior to clinical diagnosis



Support Vector Machine (R1) outperformed Radiologists (R2 & R3)

Which one is pre-diagnostic CT? 



Robustness to common variations*

 To further assess clinical translation potential, evaluate 
model’s robustness through image perturbations
 Noise
 Segmentation variability
 Image rotation
 Image pre-processing parameters

• Bin-width
• Voxel resampling

    *Goenka AH, et al. Abdominal Radiology (accepted, in press)



Noise

Original Noisy

Pancreas



Image Rotation: Variability in patient positioning

Original Rotation by 10º

Pancreas
segmentation



Segmentation variability: Erosion & Dilatation

Original Segmentation erosion: 8 pixels
Pancreas
segmentation



SVM model’s performance

BW: Bin-width
N: Noise
R: Rotation
E: Erosion
RS: Voxel resampling

SVM model is robust to common image variations, likely due to the well-curated, 
diverse training dataset. 





Pre-diagnostic datasets are scarce; Radiomics is not automated



Largest & most diverse dataset ever reported in literature



Fully Automated Model: Requires no manual segmentations



Evaluation on both diagnostic & pre-diagnostic CTs

Majority (~70%) CTs from other institutions 



Intramural vs. Multi-Institutional Dataset

• Correctly classified 236/274 CTs

• 170/194 PDA CTs
• 66/ 80 control CTs

• Accuracy: 0·86 (0·82-0·90)

• AUROC: 0·90 (0·86-0·95)

• Sensitivity: 0·88 (0·83-0·92)

• Specificity: 0·83 (0·74-0·90)

Generalizable performance



Stage-wise (Intramural & Public datasets)

Comparable performance for all tumor stages



Simulated High-Risk Cohort

• Random sampling of test 
subset to simulate high-risk 
cohort 

• Glycemically-defined NOD 
& high ENDPAC score

• Risk of PDA: 2-5% 

• Accuracy: 0·95 (0·94-0·95) 

• AUROC: 0·97 (0·94-0·99)



Pre-diagnostic Cohort: Visually Occult Cancer

• Correctly classified: 76/102 

• Accuracy 0·84 

• AUROC 0·90

• Sensitivity 0·75 

• Specificity 0·90

Median: 475 days (93-1082 days) before clinical diagnosis



Black-box AI is not Clinically Translatable AI



Can we do it for my favorite GI 
cancer?



Without large curated & annotated datasets, there can be no AI



Problem Data AI Technology Intrinsic & Extrinsic Safe AI is successful AI

Clinical Question Ground Truth Engineering Metrics Safety

Relevant

Clarity in definition

Detailed

Target population

Allocation of resources

Curation 

Minimizing bias

Reader variability

Modality

Relevant image format 

Archival & storage

Segmentation

Classification

Regression

Accurate yet flexible

External validation

Dice score

Jaccard coefficient

Hausdorff distance

Correlation coefficients

Comparison to reader 

performance 

Autonomy

Safety is not absolute

Risk increases with 

complexity

Healthcare AI Development Pipeline

Engineering with domain expertiseDeep domain expertise coupled with engineering experience

Physicians are the drivers for meaningful AI development



Efficacy & Safety of Imaging AI

• Medical AI: Peak of inflated expectations 

• Silicon Valley: Move fast & break things
• Healthcare: first, do no harm

*Oakden-Rayner, L, & Palmer, LJ. AI in Medicine: Validation & study Design. 2020



Move fast & break things: But to what end? 

AI is a mirror of the society



Summary



Imaging: The Final Frontier For Early Detection 

• AI developed on large, well-curated, & diverse datasets 

• Visually occult cancer prior to clinical diagnosis 

• Generalizability & address biases to avoid health disparities

• Prospective evaluation with emerging fluid-based biomarkers for 

sporadic PDAC detection in high-risk cohorts 



Acknowledgements: Team & Support 
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Thanks for your attention

goenka.ajit@mayo.edu
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