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• Nothing to disclose



Objectives

• Explore the Patient Data Journey in Digital Pathology
• Highlight the Impact of Standardized Digital Pathology Data Practices 

on Patient Outcomes
• Promote Patient-Centered Approaches in Digital Pathology



A Patient’s Journey



Patient Centered Digital Pathology

Prelab Lab

AccessUnderstanding

Patient Pathologist



Patient Centered Digital Pathology

Prelab Lab

AccessUnderstanding

Patient Pathologist

• 47-year-old male 
presents for routine 
healthcare.

• Has increased 
family risk for 
cancer.

• Undergoes PSA 
screening = 
elevated

• Repeat PSA = 
elevated

• MRI = PI-RADS 3



Work-up for Prostate Cancer
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Work-up for Prostate Cancer



AUA Risk Groups for Prostate Cancer

Eastham JA, et al. J Urol. 2022 Jul;208(1):10-18



NCCN Risk Groups for Prostate Cancer



Prostate Biopsy

van Leenders GJLH, et al. Am J Surg Pathol. 2020 Aug;44(8):e87-e99



Assess Our Current Practice Prelab 
Prostate Biopsies

• We recommend packaging no more than two cores in each jar based 
on our assessment of the literature1. 

• Single-core site specific labeled submission is ideal, but 2 core 
submission is also acceptable2. 

1. Optimal Techniques of Prostate Biopsy and Specimen Handling - American Urological Association (auanet.org)

2. Prostate.Needle.Case.Bx_1.0.0.1.REL_CAPCP.pdf

https://www.auanet.org/guidelines/guidelines/prostate-biopsy-and-specimen-handling
https://documents.cap.org/protocols/Prostate.Needle.Case.Bx_1.0.0.1.REL_CAPCP.pdf


Assess Our Current Practice Prelab 
Prostate Biopsies

• 40.8% received cores in separate containers 

Varma M, et al. J Clin Pathol. 2013 Feb;66(2):120-3



2

1

Assess Our Current Practice Prelab 
Prostate Biopsies

57%43% Number of 
cores/jar

Nussbaum D, et al. Optimizing Prostate Cancer Risk Stratification: Single-Core Biopsy and the Lumea BxBoard Collection Device Enhance NCCN Risk Group Placement. Pre-publication



Assess Our Current Practice Prelab 
Prostate Biopsies

18% of Patients could not be place into an NCCN Risk Group
Two-Sample Independent t Test = P <0.05 

Nussbaum D, et al. Optimizing Prostate Cancer Risk Stratification: Single-Core Biopsy and the Lumea BxBoard Collection Device Enhance NCCN Risk Group Placement. Pre-publication



Why?

Murugan P, et al.  Am J Clin Pathol 2019;152:757-765



Why?

Murugan P, et al.  Am J Clin Pathol 2019;152:757-765



Why?

Murugan P, et al.  Am J Clin Pathol 2019;152:757-765



Assess Our Current Practice Prelab 
Prostate Biopsies

• Conventional PNB methods using 2 core submission/jar significantly 
limits the ability to place the patient into an NCCN risk group as 
compared to 1 core/jar. 

• Therefore, the current guidelines may need to be updated.
• We need to go to single core submission for our HealthSystem. 

Nussbaum D, et al. Optimizing Prostate Cancer Risk Stratification: Single-Core Biopsy and the Lumea BxBoard Collection Device Enhance NCCN Risk Group Placement. Pre-publication



Assess Our Current Practice Prelab 
Prostate Biopsies

Nussbaum D, et al. Optimizing Prostate Cancer Risk Stratification: Single-Core Biopsy and the Lumea BxBoard Collection Device Enhance NCCN Risk Group Placement. Pre-publication



Prostate Biopsy:
Alternative collection methods

Rogatsch H, et al. Hum Pathol. 2000 Sep;31(9):1102-7

Benign HGPIN ASAP Cancer Total core 
length

Total 
cancer 
length

Cores 
involved by 

cancer

Free 
floating in 
formalin

66% 5.6% 4.8% 23.6% 93.9 mm 8.6 mm 2.4

Oriented in-
between 
two meshes 
in a 
cassette

61.6% 6.4% 1.2% 30.8% 126.5 mm 14.1 mm 2.9



Assess Our Current Practice Prelab 
Prostate Biopsies

Nussbaum D, et al. Optimizing Prostate Cancer Risk Stratification: Single-Core Biopsy and the Lumea BxBoard Collection Device Enhance NCCN Risk Group Placement. Pre-publication



Assess Our Current Practice Prelab 
Prostate Biopsies

Nussbaum D, et al. Optimizing Prostate Cancer Risk Stratification: Single-Core Biopsy and the Lumea BxBoard Collection Device Enhance NCCN Risk Group Placement. Pre-publication

Urologists Urology Medical Assistants



Data Flow

Patient 

• Demographics

Prelab

• Clinical 
laboratory

• Radiology 
imaging

• Gross imaging

Lab Pathologist Access Understanding



Patient Centered Digital Pathology

Prelab Lab

AccessUnderstanding

Patient Pathologist

• 47-year-old male 
presents for routine 
healthcare.

• Has increased 
family risk for 
cancer.

• Undergoes PSA 
screening = 
elevated

• Repeat PSA = 
elevated

• MRI = PI-RADS 3



Eye 10 seconds 30 minutes



Eye 10 seconds 30 minutes



30 minutes Visible Light Infrared Light





Assess Our Current Practice Lab 
Histology

L'Imperio V, et al. J Pathol Inform. 2021 Sep 16;12:32



Assess Our Current Practice Lab 
Histology

70% 
Unfaced

23%
Change in diagnosis 

with deepers

Toelke RT, et al. Arch Pathol Lab Med. 2023;147(9):e150.  



Assess Our Current Practice Lab 
Histology

70% Unfaced  23% Change in diagnosis 14% Unfaced  0% Change in diagnosis 

New MethodOld Methods

Toelke R, et al. Laboratory Investigation. 2024;104(1):S2038-9



Assess Our Current Practice Lab 
Whole Slide Imaging Scanning

Thorstenson S, et al. J Pathol Inform 2014;5:14



Assess Our Current Practice Lab 
Artificial Intelligence

Baxi, V., et al. Mod Pathol 2022;35:23–32



Assess Our Current Practice Lab
Ex-vivo Slide free Alternatives

Reder NP, et al. Arch Pathol Lab Med. 2019;143:1069–1075
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Patient Centered Digital Pathology

Prelab Lab

AccessUnderstanding

Patient Pathologist

• 47-year-old male 
presents for routine 
healthcare.

• Has increased 
family risk for 
cancer.

• Undergoes PSA 
screening = 
elevated

• Repeat PSA = 
elevated

• MRI = PI-RADS 3



Question(s)?

5+5 = ?



Question(s)?

5+5 = 10



Question(s)?

5+5 = 10

5+5 = 10 = Grade Group 5 Prostate Adenocarcinoma



Question(s)?

5+5 = 10

5+5 = 10 = Grade Group 5 Prostate Adenocarcinoma = 



Question(s)?

5+5 = 10 = 



Assess Our Current Practice Pathologist
Narrative Reporting

• 60 negation phrases with just 7 of the 
phrases accounting for 90% of the negations

 
• Between 39% and 83% of all clinical 

observations were identified as absent

Chapman WW, et al. Proc AMIA Symp 2001:105-9



Assess Our Current Practice Pathologist
Narrative Reporting

Chapman WW, et al. Proc AMIA Symp 2001:105-9



Assess Our Current Practice Pathologist
Narrative Reporting

Renshaw MA, et al. Arch Pathol Lab Med 2010;134:1250–1252



Assess Our Current Practice Pathologist
Structured Reporting

Ellis DW, et al. Virchows Arch 2016;468:51–59



Assess Our Current Practice Pathologist
Structured Reporting Barriers vs Facilitators

Swillens JEM, et al. Virchows Arch 2019;475:551–561



Assess Our Current Practice Pathologist
Beyond SP Report (Molecular, etc.)

Li MM, et al. . J Mol Diagn 2017;19(1):4-23.



Patient Results
FINAL DIAGNOSIS:
      
A)  Prostate gland, right lateral base, needle core biopsy:
• Benign prostate tissue.

B)  Prostate gland, right base, needle core biopsy:
• Benign prostate tissue.

C)  Prostate gland, right lateral mid, needle core biopsy:
• Benign prostate tissue.

D)  Prostate gland, right mid, needle core biopsy:
• Benign prostate tissue.

E)  Prostate gland, right lateral apex, needle core biopsy:
• Adenocarcinoma, acinar type, Gleason score: (3 + 3 = 6), Grade group 1.
• Tumor involves 1/1 core, 25 % (3 mm).

F)  Prostate gland, right apex, needle core biopsy:
• Adenocarcinoma, acinar type, Gleason score: (3 + 3 = 6), Grade group 1.
• Tumor involves 1/1 cores, 60% of involved core (6 mm).

G)  Prostate gland, left lateral base, needle core biopsy:
• Adenocarcinoma, acinar type, Gleason score: (3 + 3 = 6), Grade group 1.
• Tumor involves 1/1 core, <5 % (0.3 mm).

H)  Prostate gland, left base, needle core biopsy:
• Benign prostate tissue.

I)  Prostate gland, left lateral mid, needle core biopsy:
• Adenocarcinoma, acinar type, Gleason score: (3 + 3 = 6), Grade group 1.
• Tumor involves 1/1 core, 5 % (1 mm).

J)  Prostate gland, left mid, needle core biopsy:
• Benign prostate tissue.

K)  Prostate gland, left lateral apex, needle core biopsy:
• Benign prostate tissue.

L)  Prostate gland, left apex, needle core biopsy:
• Benign prostate tissue.

M)  Prostate gland, roi, needle core biopsy:
• Benign prostate tissue.
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Patient Centered Digital Pathology

Prelab Lab

AccessUnderstanding

Patient Pathologist

• 47-year-old male 
presents for routine 
healthcare.

• Has increased 
family risk for 
cancer.

• Undergoes PSA 
screening = 
elevated

• Repeat PSA = 
elevated

• MRI = PI-RADS 3
• Low-risk Prostate 

cancer
• PRS elevated



Assess Our Current Practice for Patient Access

Federal Register :: 21st Century Cures Act: 
Interoperability, Information Blocking, and the ONC 
Health IT Certification Program

https://www.federalregister.gov/documents/2020/05/01/2020-07419/21st-century-cures-act-interoperability-information-blocking-and-the-onc-health-it-certification
https://www.federalregister.gov/documents/2020/05/01/2020-07419/21st-century-cures-act-interoperability-information-blocking-and-the-onc-health-it-certification
https://www.federalregister.gov/documents/2020/05/01/2020-07419/21st-century-cures-act-interoperability-information-blocking-and-the-onc-health-it-certification


Assess Our Current Practice for Patient Access
Radiology Images

Choi HH, et al. J Digit Imaging. 2022 Apr;35(2):320-326



Assess Our Current Practice for Patient Access
Digital Pathology Images

Rakovic K, et al. Diagnostics (Basel) 2022;12(5):1225



Assess Our Current Practice for Patient Access

Digital Imaging Adoption Model (DIAM) | HIMSS

https://www.himss.org/maturity-models/diam/


Assess Our Current Practice for Patient 
Understanding

Bergholtz SE, et al. Am J Clin Pathol 2023;159:437-447



Examine the Current State of Communication 
Between Pathologists and Patients

Yanovsky RL, et al. JAMA Dermatol. 2020 Mar 1;156(3):341-342

• 12% circled the correct diagnosis
• 35.1% circled the incorrect diagnosis
• 47.6% did not circle any diagnosis
• 61.6% felt that the report was somewhat 

easy or very easy to understand 
• 92.4% were somewhat or very worried 

after reading the pathology report, although 
the pathologic diagnosis was benign

• 7.6% felt somewhat or very reassured by 
the result



Examine the Current State of Communication 
Between Pathologists and Patients

Google receives more than 1 billion health questions every day 
(beckershospitalreview.com)

https://www.beckershospitalreview.com/healthcare-information-technology/google-receives-more-than-1-billion-health-questions-every-day.html
https://www.beckershospitalreview.com/healthcare-information-technology/google-receives-more-than-1-billion-health-questions-every-day.html


Examine the Current State of Communication 
Between Pathologists and Patients

Prabhu AV, et al. Human Pathol. 2017;65:15-20



Examine the Current State of Communication 
Between Pathologists and Treating Clinicians

Gibson BA, et al. Arch Pathol Lab Med. 2022;146:886-893



Examine the Current State of Communication 
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Examine the Current State of Communication 
Between Pathologists and Treating Clinicians
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Examine the Current State of Communication 
Between Pathologists and Treating Clinicians

Gibson BA, et al. Arch Pathol Lab Med. 2022;146:886-893



Examine the Current State of Communication 
Between Pathologists and Treating Clinicians

Powsner SM, et al. Arch Pathol Lab Med. 2000;124(7):1040-6



Examine the Current State of Communication 
Between Pathologists and Patients & Treating 
Clinicians

Bergholtz SE, et al. Am J Clin Pathol 2023;159:437-447



Pathology Clinics:
Are Patient’s Interested?

Lapedis CJ, et al. Arch Pathol Lab Med. 2020;144:490-496



Pathology Clinics:
Are Treating Clinicians Interested?

Bergholtz SE, et al. Am J Clin Pathol 2023;159:437-447



Pathology Clinics:
Are Pathologists Interested?

Lapedis CJ, et al. Arch Pathol Lab Med. 2020;144:490-496



Pathology Clinics:
Are these Clinics Helpful?

Booth A, et al. Arch Pathol Lab Med. 2019;143:852-858



Pathology Clinics:
Are these Clinics Helpful?

Shachar E, et al. JCO Oncol Pract. 2021;17(10):e1559-e1566



Pathology Clinics:
Are these Clinics Happening?



Pathology Clinics:
Are these Clinics Happening?



Pathology Clinics:
Are these Clinics Happening?



Patient Centered Pathology Report (PCPR)

1. Recurrent themes in proposed 
improvements in reports included content 
standardization, variation in terminology, 
clarity of communication, and quality 
improvement.

2. No articles discussed patients as their target 
audience. 

3. No study evaluated the health literacy level 
required of patients to comprehend 
pathology reports.

4. Potential impact of PCPRs

Mossanen M, et al. Hum Pathol. 2014 Nov;45(11):2192-201



Patient Centered Pathology Report (PCPR)

Mossanen M, et al. Hum Pathol. 2014 Nov;45(11):2192-201



Patient Centered Pathology Report (PCPR)

Mossanen M, et al. Hum Pathol. 2014 Nov;45(11):2192-201



Patient Centered Pathology Report (PCPR) 
Prostate

Nayak JG, et al. Prostate Cancer and Prostatic Diseases:2020;23:144–150



Patient Centered Pathology Report (PCPR)
Prostate 

Nayak JG, et al. Prostate Cancer and Prostatic Diseases:2020;23:144–150



Patient Centered Pathology Report (PCPR)
Barriers 

RE-AIM Definition for 
PCPR context

Experiences Recommendations

Reach Feasibility Bladder, breast, prostate, 
GI polyps

Expansion

Effectiveness Impact Improved patient 
knowledge, acceptability

Improve usability

Adoption Uptake Limited pathologist buy-in Address barriers

Implementation Barriers/
Facilitators 

Barriers related to clinical 
complexity and logistics

Need for more 
sophisticated tools, 
such as AI

Maintenance Barriers/
Facilitators 

Barriers related to IT and 
EHR technology and 
continuously changing 
guidelines

Need to align with 
policy making. 
Advocate for 
organizational 
incentives resources

Austin EJ, et al. Cancer Causes Control. 2023;34(4):399-406.





Patient Centered Pathology Report (PCPR)
Prostate AI Generated

Proctor E, et al. Bridging the Gap: Evaluating ChatGPT-Generated Personalized Patient-Centered Prostate Biopsy Reports. In-press



Patient Centered Pathology Report (PCPR)
Prostate AI Generated

Introduction
Hi there! It seems like you've just gotten your prostate biopsy results, and you probably have a bunch of questions. That's totally understandable! Let's break down what all these 
medical words mean for you.

1. Why do we do biopsies?
Biopsies are done to check for cancer cells in your prostate. This information helps your doctors decide the best way to treat you.
 
2. What  did it show?
Your biopsy found:
Cancer in all six areas: All the cores have cancer cells, with different grades.
Variety of scores: Most cores have a Grade group 1 (less severe), but one core is Grade group 3 (more severe).

3. How much cancer is there?
Cancer was found in every area looked at. The amount of cancer in these areas varies from less than 5% to up to 90%.

4. How bad is it?
Most cores have a Gleason score of 6 (Grade group 1), which is less severe. But one core has a Gleason score of 7, with 90% of it being a more aggressive type. This one is a bit more 
serious.

5. What is the overall risk to my life?
The majority of your cancer is low-grade (Grade group 1). However, one core with Grade group 3 does make your situation a bit more serious. You'll want to talk to your doctor about 
this.

6. Was there anything else?
All the areas tested have adenocarcinoma, which is a type of prostate cancer. One core shows a 'cribriform pattern,' which might mean that the cancer could be more aggressive.
Conclusion
Your biopsy found cancer in all areas checked, with most being low-grade but one area being more severe. What comes next is a chat with your healthcare team to figure out your 
treatment plan.
Note: This is a simplified summary of your results. For complete information and a tailored treatment plan, please talk to your healthcare team.

Proctor E, et al. Bridging the Gap: Evaluating ChatGPT-Generated Personalized Patient-Centered Prostate Biopsy Reports. In-press



ChatGPT and Generative AI in Pathology PCPR

Proctor E, et al. Bridging the Gap: Evaluating ChatGPT-Generated Personalized Patient-Centered Prostate Biopsy Reports. In-press



ChatGPT and Generative AI in Pathology PCPR

Steimetz E, et al. JAMA Netw Open 2024;7(5):e241276



PathChat and Generative AI in Pathology 
PCPR

Lu MY, et al. Nature. 2024 Jun 12. Epub ahead of print.
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Patient Centered Digital Pathology

Prelab Lab

AccessUnderstanding

Patient Pathologist

• 47-year-old male 
presents for routine 
healthcare.

• Has increased 
family risk for 
cancer

• Undergoes PSA 
screening = 
elevated

• Repeat PSA = 
elevated

• MRI = PI-RADS 3
• Low-risk Prostate 

cancer
• PRS elevated



Enterprise Imaging

• Definition: A set of strategies, initiatives and workflows implemented 
across a healthcare enterprise to consistently and optimally capture, 
index, manage, store, distribute, view, exchange, and analyze all 
clinical imaging and multimedia content to enhance the electronic 
health record.

Roth CJ, et al. J Digit Imaging 2016;29:530–538



Enterprise Imaging

Roth CJ, et al. J Digit Imaging 2016;29:530–538



Digital Imaging and Communications in 
Medicine (DICOM®)

Hermann MD, et al. J Pathol Inform 2018;1:37



Integrating the Health-care Enterprise Pathology 
and Laboratory Medicine (IHE PaLM)

Dash R, et al. J Pathol Inform 2021;1:16



Integrating the Health-care Enterprise Pathology 
and Laboratory Medicine (IHE PaLM)

Pathology and Laboratory Medicine (PaLM) - IHE Wiki

https://wiki.ihe.net/index.php/Pathology_and_Laboratory_Medicine_(PaLM)


Integrating the Health-care Enterprise Pathology 
and Laboratory Medicine (IHE PaLM)

Digital Pathology Image Acquisition (DPIA)

Dash R, et al. J Pathol Inform 2021;1:16



Anatomic Ontology Assessment
SNOMED CT

Cram D, et al. J Imaging Inform Med 2024 Jun 10



Ecosystem for Pathology Diagnostics with AI 
Assistance (EMPAIA)

Janson C, et al. Future Generation Computer Systems 2023;140:209–224



Patient 

Pathologist Radiologist 

Image Acquisition

Workstation
Medical image management and processing system

Created in part with BioRender.com

Scanning devices Scanning devices

Display DisplaySoftware AI

Digital Pathology in Enterprise Imaging



Multimodal Data Integration

Waqas A, et al. BJR|Artificial Intelligence 2024;1(1)



Multimodal Data Integration

Waqas A, et al. BJR|Artificial Intelligence 2024;1(1)



Multimodal Data Integration
Prostate

Zhou C, et al. Front Oncol 2024;14;14:1287995

Radiomics

Pathomics



Multimodal Data Integration
Prostate

Zhou C, et al. Front Oncol 2024;14;14:1287995

The integration of multimodal data effectively improves the prediction of risk for 
the progression of Prostate cancer to Castrate resistant prostate cancer



Multimodal Data Integration
Prostate

Shirk JD, et al. J Urol. 2022 Sep;208(3):618-625

Metric Control 
(%)

Intervention 
(%)

Margin 
positive rates

33 25

Detectable 
postoperative 
PSA

31 9

Nerve sparing 
surgery

78 92



• Explored the Patient Data Journey in Digital Pathology
• Highlighted the Impact of Standardized Digital Pathology Data 

Practices on Patient Outcomes
• Promote Patient-Centered Approaches in Digital Pathology

Summary



Thank you!

July 2024
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