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“The death of [histology] has been grossly exaggerated”



• Many prostate cancers will remain clinically occult 
for the life of a patient

• Controversy persists regarding screening, need for 
any treatment, optimal methods of treatment… 

Background



• “No treatment” is now acceptable 
– Active surveillance
– Watchful waiting 

Background

• Who needs treatment?
– Reproducibility of clinical recommendations?
– Reproducibility of pathologic assessment?



Variables in Risk Stratification   

• What can we use to predict the risk for aggressive 
behavior in prostate cancer?

– Tissue biomarkers? 
» Molecular classifiers?

– Serum biomarkers?
– Tumor volume estimates in biopsy?
– Imaging characteristics?
– Architectural patterns by histologic evaluation?

» modified Gleason grading





Histologic Grading: A Definition

1. The identification and grouping of histologic attributes 
along a scale that conveys a range of aggressiveness to a 
malignant neoplasm 

2. Outcome prediction model based on histologic attributes 
of a neoplasm



Origins of Grading  

David Paul von Hansemann

Hansemann D. Studien uber die 
Spezi-ficitat, den Altruismus und die 
Anaplasie der Zellen. Berlin: Verlag 
von August Hirschwald; 1893.

Cellular Anaplasia and Malignancy



Origins of Grading  

Dr. A.C. Broders, M.D.

• Since Broders’ initial work in 1920’s
– 40 separate grading systems have been 

proposed for prostate cancer



• Prostatic adenocarcinoma
– Wide range of biologic aggressiveness
– Morbidity within a patient’s lifespan?
– Risk stratification 

• Pancreatic ductal adenocarcinoma
– Uniformly lethal
– Early detection and intervention?
– Prevention?

Utility of Grading in Different Tumors



Gleason Grading History  

• VA Cooperative Urological Research Group 1960-1975
– 14 hospitals
– 5000 patients
– Survival as study end-point

• Problem with the study: 
– Histologic evaluation not standardized between hospitals



Donald F. Gleason, M.D.
1920-2008

• Veterans Administration Cooperative 
Urological Research Group 1960-1975
– 14 hospitals
– 5000 patients
– Survival as study end-point 



• 9 distinct “patterns”
• But only 5 groups with separate prognosis

Cancer Chemother Rep 1966; 50(3):129-36. 



1977



Well-formed Glands Solid Sheets

BADGOOD



Gleason Summation Method

• Some cancers have different patterns
• The presence of separate patterns was “prognostic”
• Devised the summation method

• 4+3=7
• 3+3=6

Major Problem for Current 
Clinical Management!



Gleason Grading History  

• Changes over time
– Smaller and smaller prostate needle cores
– More radical prostatectomies

• Cancer no longer commonly diagnosed by symptoms
– PSA screening era (FDA approval in 1994 as diagnostic tool)
– Not as uniformly aggressive
– Patient cohort changed!!



Most cancers 
aggressive

Most cancers 
indolent

Good news…
Bad news

RP/XRT 
vs 

Waiting/AS



If there is a major change in how a 
specific “neoplasm” is screened and 
diagnosed and/or clinically managed, 

the prior classification may not be 
optimized for the new clinical scenario 

Objective Reality Bias in Medicine

Model?

Current Hypothesis?



Objective Reality: Grade NOT an Entity   

• Thresholds for grades are “fluid” and depend on:
– Population studied

• PSA screen detected?
– Outcome measure used

• BCR?
• Metastasis free survival?
• Death from disease?

– Which stratification is most clinically relevant… decision to be made?
– Analogy to clinical lab test: sensitivity and specificity? 





1977

Am J Surg Pathol 2005 29:1228-42 Am J Surg Pathol 2016 40:244-52

Gradual Grading Changes Over Time

1966



Conservative!

2014/2016

Glomerulations
Cribriform



1966 1973 2005

2014

2022

Over-grading of pattern 4 by current standards
Under-grading of cribriform

Ask yourself… 
where is your grading threshold?



My Story with Grading and 
Prostate Cancer



• Practice habits
• Anecdotal experience
• Consensus recommendations
• Reproducibility

Cancer Chemother Rep 1966;50(3):129 

Mellinger GT, Gleason D, Bailar J 3rd. The 
histology and prognosis of prostatic cancer. J Urol 

1967;97(2):331-7

Original data on individual patterns





1. Retrospective TMA RP cohort
2. Prospective Active Surveillance Study 

Canary Prostate Cancer Group



Prior Studies Suggest All Pattern 4 is NOT Equal



Iczkowski et al. American Journal Clinical Pathology 2011; 136:98-107.



Prior Studies Suggest All Pattern 4 is NOT Equal

Adv Anat Pathol 2018; 25: 31-37

Over 50 confirmatory peer-reviewed studies

T Van der Kwast, MD
GJLH van Leenders, MD



1. We are miscalculating risk of prostate cancer in a significant 
subset of patients, particularly for 3+4=7/GG2
- The summation method is severely flawed
- Subset of pattern 4 is very aggressive

- Most cribriform
- Other patterns?

2. This could easily be resolved without extra costs to the health 
care system

Prostate Cancer Classification/Grading: 
The Premise 



Histology Study 1: Highlighting the Problem

Reproducibility



• Reproducibility of classic Gleason patterns is high
• 3+3 vs 3+4 due to “poorly formed glands” is POOR
• Should this be a decision-management threshold in AS?

• Reproducibility in diagnosis and treatment 
• Clinical outcome? Does it even matter?

J Urol 2011;186:465-469



Virchows Archive 2011; 459: 175-182.



Canary Phase 2: Deconstruction
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Am J Surg Pathol 2016; 40: 1439-56

Proof-of-Principle



Results: Correlation with Outcome
Statistically generated decision tree analysis 

Am J Surg Pathol 2016; 40: 1439-56



Results: Correlation with Outcome

Az

Crib and S3

Manually generated decision tree analysis 

Bw, Cw, Dw

Am J Surg Pathol 2016; 40: 1439-56



Modified Grade Groups 
From Canary 2018

Current Grade Groups 
From ISUP 2016

Unpublished



Canary Phase 3: Cribriform Definition 



Cribriform?



Mod Pathol 2019;32:139-146 

Definition of “large cribriform”?
• 12 luminal spaces
• Exceeding size of average benign gland
• At least twice size of average benign gland

Summation 
Problem!



If cribriform size is so important…

What is the optimal method to define “large” cribriform?



Training Cohort for Cribriform Size



Measuring 
Cribriform Size





Strongest predictor of outcome after RP
Correlates with biologic markers of aggressiveness



>0.25 mm



Validation Cohort for Cribriform Size

• Cleveland Clinic RP cohort with long term follow-up
– BCR: mean F/U 6.4 years (n=419) 
– Metastatic Disease: mean F/U 12.3 years
– Prostate Cancer Death: mean F/U 14.6 years



• Group A: 
– YES

• No cribriform
• Small cribriform (<0.25 mm)

– NO
• Large cribriform
• Conventional pattern 5 

• Group B: 
– YES

• Any large cribriform
– NO

• Conventional pattern 5 

• Group C: 
– YES

• Any conventional pattern 5 

Biochemical Recurrence Free Survival

No + small crib

Any 5

Large crib/ No 5



Metastasis Free Survival 

No + small crib

Any 5

Large crib/ No 5

Small 
group 
with 

mets?



Prostate Cancer Survival
No + small crib

Any 5

Large crib/ No 5



Canary Phase 4: Final Model (New Unpublished Data)



Final Histologic Model After 15 Yrs of Canary?

• The aggregate data suggest a dichotomous classification for 
predicting metastatic potential

• Practical utility with current grading? 
• Could get complicated 
• Controversial

• Follow the original simplified Wilms tumor classification 
nomenclature proposed by Bruce Beckwith? 

• Favorable Histology vs. Unfavorable Histology?
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Unfavorable Histology
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Unfavorable Histology



Unfavorable Favorable Grade Group

0 (0%)13 (100%)1

69 (33%)142 (67%)2

98 (94%)6 (6%)3

18 (100%)0 (0%)4

73 (100%)0 (0%)5

Unfavorable Favorable Pathologic T-stage

72 (28%)114 (71%)T2

117 (45%)46 (29%)T3a

69 (27%)1 (0.6%)T3b

Unfavorable Favorable Total

258161
n 419



Favorable

Unfavorable

Metastasis Free Survival 



Organ confined 

Extraprostatic extension

Favorable

Unfavorable

Favorable

Unfavorable

Metastasis Free Survival 



Grade Group 2

Grade Group 3

Gleason score 3+4=7

Gleason score 4+3=7

Favorable

Unfavorable

Favorable

Unfavorable

Metastasis Free Survival 



Biochemical Recurrence Free SurvivalProstate Cancer Survival 

Other Outcome Endpoints



MetsNo MetsPercent
Unfavorable 

11 (20%)45 (80%)<10 %

17 (39%)27 (61%)10-24 %

31 (39%)48 (60%)25-49 %

43 (54%)36 (46%)>50 %

Percent Unfavorable Histology by Metastasis





• We have collected >250 patients post radical prostatectomy 
with pathologically proven metastatic disease
– All have unequivocable “unfavorable histology”

• Anecdotal experience:
– To date… our group has never seen a metastatic prostate cancer 

with only “favorable histology” in the prostate
– n > 20,000 RPs

Separate Metastasis Study



Conclusions From Modeling Studies

• “Unfavorable histology” at RP is associated with potential for 
metastatic disease 
– Majority are large cribriform (>0.25 mm) and/or conventional pattern 5
– Sensitivity (100%) and Specificity (51%)  
– Outperforms Grade Group and AJCC stage

• Largest impact in GG2 
– Any amount of unfavorable denotes risk
– Gleason summation method misclassifies some cases

• “Favorable” does not dilute the effect of “unfavorable”



Inherited immune regulation
Random chance

Local stromal interactions



Phase 5: Future?



• Our data is based on RP specimens
– We have assessed the entire tumor
– Most decision making is done on biopsy specimens

• Sampling “error”?
• Progression over time if untreated?

The Biopsy Problem



The Biopsy Problem

– Ericson KJ, Wu SS, Lundy SD, Thomas LJ, Klein EA, McKenney JK. 
Diagnostic Accuracy of Prostate Biopsy for Detecting Cribriform Gleason 
Pattern 4 Carcinoma and Intraductal Carcinoma in Paired Radical 
Prostatectomy Specimens: Implications for Active Surveillance. J Urol 2020 
;203:311

– Masoomian M, Downes MR, Sweet J, Cheung C, Evans AJ, Fleshner N, 
Maganti M, Van der Kwast T. Concordance of biopsy and prostatectomy 
diagnosis of intraductal and cribriform carcinoma in a prospectively collected 
data set. Histopathology 2019;74:474

– Hollemans E, Verhoef EI, Bangma CH, Schoots I, Rietbergen J, Helleman J, 
Roobol MJ, van Leenders GJLH. Concordance of cribriform architecture in 
matched prostate cancer biopsy and radical prostatectomy specimens. 
Histopathology 2019;75:338

Cleveland Clinic, USA
Sensitivity: 56.5%

UHN, Toronto, Canada
Sensitivity: 47.2%

Erasmus MC, Netherlands
Sensitivity: 60%

• Needle core biopsy has poor sensitivity for detecting cribriform 
cancer (unfavorable histology) in RP



What other adjuncts might improve the detection of unsampled 
unfavorable histology in the prostate at the time of biopsy? 

• MRI
• Alternative biopsy strategies 
• Genomic classifiers
• Borderline histologic patterns
• PSA
• isoPSA

• Other serum biomarkers
• Other tissue biomarkers



Can we improve reproducibility and 
increase throughput for additional studies?

• Machine learning 



Biopsy Studies in Process

“Favorable Histology”Biopsy
• Genomic classifier
• Tumor volume
• isoPSA
• MRI
• “ ”

• Radical Prostatectomy
• Favorable
• Unfavorable





Future Treatment Algorithms?

“Favorable Histology”

“Unfavorable Histology”

Definitive Treatment 

Predictive Adjunct 
for Unsampled 
“Unfavorable”?

Biopsy

Definitive Treatment
vs

Re-biopsy
vs

Active surveillance 



“Favorable Histology”

“Unfavorable Histology”

Definitive Treatment 

Biopsy
MRI

High-Risk Lesion
YES NO

Targeted
Biopsies

Active 
Surveillance

Future Treatment Algorithms?



“Favorable Histology”

“Unfavorable Histology”

Definitive Treatment 

Targeted
Biopsies

MRI

High-Risk Lesion
NO YES

No 
Treatment 

PSA

Future Treatment Algorithms?



Summary
• Histologic classification

– Strong prognostic factor in prostatic adenocarcinoma
– Can be studied in a methodologically sound way

– Specific histologic patterns grouped as “unfavorable” represent a 
very sensitive test for metastatic potential 

• Outperforms AJCC stage and current Grade Groups
• Suggests that “unfavorable” may be the best marker for “adverse pathology”



Summary

• This classification is still in the “experimental phase”
• Validation studies by other groups will be critical

– Reproducibility
– MRI detection of “unfavorable”
– Biopsy studies

• Comparison of other adjunctive markers to detect “unfavorable”
• Active surveillance cohort 

– Canary Prostate Active Surveillance Study (PASS)
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