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[bookmark: _Toc68888555]Supplementary Methods

The virtual microscopy system

[bookmark: _Hlk58429785]The virtual microscopy system was developed by Centre for Advanced Studies, Research and Development in Sardinia (CRS4, www.crs4.it) and it comprises two integrated components (Figure 1):

1. Ome_seadragon (https://github.com/crs4/ome_seadragon), a plugin for the Open Microscopy Environment Remote Objects (OMERO) platform,1 which enables viewing, handling and annotation of the 3DHistech images. The image management is based on the OMERO.server which supports over 140 different image formats and allows for storing of meta-information (e.g., classification TAGs or Regions of Interests (ROIs)). The ome_seadragon simplifies the integration of the images stored within OMERO into external web systems,2 adds Deep Zoom Image format (DZI) support to OMERO and, through OpenSlide libraries (https://openslide.org),3 increases the number of supported image formats. The user side of ome_seadragon is a specialized viewer based on the open source viewer OpenSeadragon (https://openseadragon.github.io). This viewer acts as a Virtual Microscope and can be easily embedded into external web services. Real time annotation tools which are based on Paper.js libraries (http://paperjs.org) enable navigation on a digital slide and annotation by drawing different 2D shapes, as well as taking precise measures (e.g., ROI length or area).
2. [bookmark: _Hlk56174945]The ProMort Image Management System (https://github.com/crs4/ProMort), a web application developed by the CRS4 to manage the review worklist and clinical annotation process related to the ProMort study. The clinical annotation comprises two main steps: the definition of the ROIs and the clinical annotation of the ROIs. By embedding the ome_seadragon viewer (i.e., the Virtual Microscope), the ProMort Image Management System allows users to navigate and annotate digital slides while creating new ROIs. Clinical annotations are performed via a dedicated user interface which has been designed specifically for ProMort. 

The ome_seadragon viewer and the ProMort Image Management System are web-based applications developed to run on all modern browsers and require no specific hardware or operative system. For this study, the pathologists used either a desktop PC, with a 22-inch Olivetti OLISCREEN22 display, running Google Chrome browser or a 2018 iPad Pro, with a 12.9-inch display, running Safari browser.

OMERO platform
+
ome_seadragon app
ProMort retrieves data of the tiles that compose the image and shows them to the user using ome_seadragon web viewer.

[image: cid:678AD19A-E05E-4682-AA50-08694F1EF2E8]To improve performance, tiles can be stored in a cache.


ProMort Server



ProMort Image Management System handles user secure authentication, worklists management, all the image-related data (quality control and ROIs) and clinical classification of the slides.


ome_seadragon app provides callbacks needed by OpenSeadragon to access OMERO images as images in Deep Zoom Image (DZI) format.



ProMort user interface embeds ome_seadragon plugin to display images. The plugin communicates directly with the OMERO.server.
Users can manage their worklists and POIs on the images and classify them using the web application.





[bookmark: _Hlk58327056]Figure S1. A simplified schematic representation of the virtual microscopy system
Abbreviations: OMERO, The Open Microscopy Environment Remote Objects; ROIs, Regions of interest; DZI, Deep Zoom Image
Notes: Histology slide image is a cropped version of the Cancer Genome Atlas (TCGA-PRAD) image which is freely available at the Genomic Data Commons (GDC) portal and is a part of the Open Access data tier (the dbGaP accession phs000178.v11.p8); Server icon – ”Gorilla-server.svg”, a server icon in the Gorilla icon theme style by George Boukeas licensed under CC-BY-SA 3.0. Taken from Wikimedia commons; Django logo – “Django logo” is a trademark of Django Software Foundation, licensed under CC-BY-SA 3.0. Taken from Django community; Angular logo – “Angular logo” by the Angular team, licensed under CC BY 4.0. Taken from Angular presskit; OMERO mark – “OME mark”, by the Open Microscopy Environment, licensed under CC BY 4.0. Taken from OME artwork; Redis logo – “Redis™ logo”- is a trademark of Redis Labs Ltd, licensed under the 3-Clause BSD license. Any rights therein are reserved to Redis Labs Ltd. Any use by CRS4 is for referential purposes only and does not indicate any sponsorship, endorsement or affiliation between Redis and CRS4 

References:
1.	Allan C, Burel JM, Moore J, et al: OMERO: flexible, model-driven data management for experimental biology. Nat Methods 9:245-53, 2012
2.	Lianas L, Piras ME, Musu E, et al: CyTest - An Innovative Open-source Platform for Training and Testing in Cythopathology. 2nd International Conference on Higher Education Advances,Head'16 228:674-681, 2016
3.	Goode A, Gilbert B, Harkes J, et al: OpenSlide: A vendor-neutral software foundation for digital pathology. J Pathol Inform 4:27, 2013


[bookmark: _Toc68888556]Supplementary Table S1. Baseline characteristics of the 500 cases and 500 controls included in ProMort2

	
	Controls
(n=500)
	Cases
(n=500)

	
	n
	%
	n
	%

	Age, mean (SD)
	68.69 (8.30)
	74.66 (8.11)

	PSA, median (IQR)a
	11.00 (6.00, 21.00)
	26.00 (12.00, 65.00)

	Clinical tumor stageb
	
	
	
	

	cT1
	204
	41.55
	78
	15.89

	cT2
	181
	36.86
	136
	27.70

	cT3
	94
	19.14
	229
	46.64

	cT4
	12
	2.44
	48
	9.78

	Clinical N stagec
	
	
	
	

	N0
	82
	16.40
	36
	7.21

	N1
	9
	1.80
	25
	5.01

	Nx
	409
	81.80
	438
	87.78

	Clinical M stage
	
	
	
	

	M0
	224
	44.80
	203
	40.60

	M1
	0
	0.00
	1
	0.20

	Mx
	276
	55.20
	296
	59.20

	Primary Gleason patternd
	
	
	
	

	1
	1
	0.24
	0
	0.00

	2
	39
	9.54
	13
	3.42

	3
	278
	67.97
	123
	32.37

	4
	83
	20.29
	208
	54.74

	5
	8
	1.96
	36
	9.47

	Secondary Gleason patterne
	
	
	
	

	2
	39
	9.75
	12
	3.17

	3
	230
	57.50
	133
	35.19

	4
	111
	27.75
	138
	36.51

	5
	20
	5.00
	95
	25.13

	Gleason scoref
	
	
	
	

	2
	1
	0.23
	0
	0.00

	3
	5
	1.16
	1
	0.24

	4
	10
	2.31
	6
	1.46

	5
	68
	15.74
	15
	3.66

	6
	171
	39.58
	65
	15.85

	7
	124
	28.70
	132
	32.20

	8
	32
	7.41
	76
	18.54

	9
	15
	3.47
	103
	25.12

	10
	6
	1.39
	12
	2.93

	Primary treatmentg
	
	
	
	

	Conservative
	150
	30.18
	83
	16.63

	Curative
	207
	41.65
	50
	10.02

	Non-curative
	140
	28.17
	362
	72.55

	Dead before treatment decision
	0
	0.00
	4
	0.80

	Mode of diagnosish
	
	
	
	

	PSA screening
	138
	34.67
	69
	17.47

	Lower urinary tract symptoms
	106
	26.63
	133
	33.67

	Other symptoms
	154
	38.69
	193
	48.86

	SD, Standard deviation; IQR, interquartile range
a Information on PSA at diagnosis missing for 7 cases and 7 controls
b Information on clinical tumor stage missing for 9 cases and 9 controls
c Information on clinical N stage missing for 1 case
d Information on primary Gleason pattern missing for 91 cases and 120 controls
e Information on secondary Gleason pattern missing for 100 cases and 122 controls
f Information on Gleason score missing for 68 cases and 90 controls
g Information on primary treatment missing for 3 cases and 1 control
h Information on mode of diagnosis missing for 102 cases and 105 controls



[bookmark: _Toc68888557]Supplementary Table S2. Baseline characteristics of the 131 cases and 131 controls who were not included in the main analysis

	
	Controls
(n=131)
	Cases
(n=131)

	
	n
	%
	n
	%

	Age, mean (SD)
	69.68 (8.21)
	75.29 (8.62)

	PSA, median (IQR)a
	9.00 (4.45, 22.60)
	23.50 (13.45, 63.95)

	Clinical tumor stageb
	
	
	
	

	cT1
	58
	47.54
	24
	19.67

	cT2
	42
	34.43
	26
	21.31

	cT3
	19
	15.57
	54
	44.26

	cT4
	3
	2.46
	18
	14.75

	Clinical N stagec

	N0
	19
	14.50
	9
	6.92

	N1
	1
	0.76
	8
	6.15

	Nx
	111
	84.73
	113
	86.92

	Clinical M stage
	
	
	
	

	M0
	52
	39.69
	44
	33.59

	M1
	0
	0.00
	1
	0.76

	Mx
	79
	60.31
	86
	65.65

	Diagnostic Gleason scored
	
	
	
	

	≤6
	58
	69.88
	19
	28.79

	7
	16
	19.28
	15
	22.73

	8
	8
	9.64
	10
	15.15

	9
	1
	1.20
	19
	28.79

	10
	0
	0.00
	3
	4.55

	Primary treatmente
	
	
	
	

	Conservative
	61
	47.66
	26
	20.00

	Curative
	37
	28.91
	11
	8.46

	Non-curative
	30
	23.44
	91
	70.00

	Dead before treatment decision
	0
	0.00
	2
	1.54

	Mode of diagnosisf
	
	
	
	

	PSA screening
	28
	30.43
	10
	11.24

	Lower urinary tract symptoms
	24
	26.09
	29
	32.58

	Other symptoms
	40
	43.48
	50
	56.18

	SD, Standard deviation; IQR, interquartile range; PSA, prostate specific antigen
a Information on PSA at diagnosis missing for 7 cases and 7 controls
b Information on clinical tumor stage missing for 9 cases and 9 controls
c Information on clinical N stage missing for 1 case
d Information on Gleason score missing for 65 cases and 48 controls
e Information on primary treatment missing for 1 case and 3 controls 
f Information on mode of diagnosis missing for 42 cases and 39 controls




[bookmark: _Toc68888558]Supplementary Table S3. Distribution of different measures of tumor extent among 369 cases and 369 controls included in the main analysis 

	
	Controls
(n=369)
	Cases
(n=369)

	
	Median (IQR)
	Median (IQR)

	Number of cores per case
	11 (8, 16)
	10 (7, 14)

	Total core length (mm)
	72.46 (52.02, 94.20)
	66.44 (46.57, 85.71)

	Number of cores with cancer
	4 (2, 6)
	5 (3, 8)

	Total tumor length (mm)
	11.80 (4.61, 27.76)
	27.80 (12.82, 44.30)

	Percentage of cores with cancer
	33.33 (16.67, 62.50)
	60.00 (33.33, 85.71)

	Percentage of core length with cancer
	20.34 (6.67, 43.07)
	48.28 (21.58, 74.59)

	Percentage of core area with cancer
	15.35 (4.16, 35.73)
	39.05 (15.54, 61.39)

	Number of cores with percent cancer involvement equal or larger thana

	10
	3 (1, 5)
	5 (2, 7)

	20
	2 (1, 4)
	4 (2, 7)

	30
	2 (0, 4)
	4 (2, 6)

	40
	1 (0, 3)
	3 (1, 6)

	50
	1 (0, 3)
	2 (1, 5)

	60
	1 (0, 2)
	2 (0, 4)

	70
	0 (0, 2)
	1 (0, 3)

	80
	0 (0, 1)
	1 (0, 3)

	90
	0 (0, 0)
	0 (0, 1)

	Number of cores with percent cancer involvement equal or larger thanb

	10
	3 (1, 5)
	5 (3, 8)

	20
	3 (1, 5)
	5 (2, 7)

	30
	2 (1, 4)
	4 (2, 7)

	40
	2 (1, 4)
	4 (2, 6)

	50
	2 (0, 4)
	3 (2, 6)

	60
	1 (0, 3)
	3 (1, 6)

	70
	1 (0, 3)
	3 (1, 5)

	80
	0 (0, 2)
	2 (0, 4)

	90
	0 (0, 1)
	1 (0, 3)

	a Core cancer involvement calculated as (tumor area/core area)*100
b Core cancer involvement calculated as (tumor length/core length)*100





[bookmark: _Toc68888559]Supplementary Table S4. Distribution of the back-transformed pre-2005 Gleason score among 369 cases and 369 controls included in the main analysis 

	

	Controls (n=369)
	Cases (n=369)

	
	n
	%
	n
	%

	Pre-2005 Gleason score back-transformed using cribriform pattern onlya

	6
	108
	29.27
	61
	16.53

	7
	125
	33.88
	56
	15.28

	8
	104
	28.18
	119
	32.25

	9
	31
	8.40
	125
	33.88

	10
	1
	0.27
	8
	2.17

	Pre-2005 Gleason score back-transformed using poorly formed glands onlyb

	6
	274
	74.25
	147
	39.84

	7
	23
	6.23
	5
	1.36

	8
	68
	18.43
	191
	51.76

	9
	3
	0.81
	18
	4.88

	10
	1
	0.27
	8
	2.17

	Pre-2005 Gleason score back-transformed using cribriform pattern and/or poorly formed glandsc

	6
	315
	85.37
	199
	53.93

	7
	9
	2.44
	0
	0.00

	8
	44
	11.92
	157
	42.55

	9
	0
	0.00
	5
	1.36

	10
	1
	0.27
	8
	2.17

	a Post-2005 Gleason grading was back-transformed to pre-2005 Gleason grading by downgrading Gleason pattern 4 to Gleason pattern 3 whenever Gleason pattern 4 was assigned based on the cribriform pattern only 
b Post-2005 Gleason grading was back-transformed to pre-2005 Gleason grading by downgrading Gleason pattern 4 to Gleason pattern 3 whenever Gleason pattern 4 was assigned based on the poorly formed glands only
c Post-2005 Gleason grading was back-transformed to pre-2005 Gleason grading by downgrading Gleason pattern 4 to Gleason pattern 3 whenever Gleason pattern 4 was assigned based on the cribriform pattern and/or poorly formed glands






[bookmark: _Toc68888560]Supplementary Table S5. Gleason score upgrade/downgrade at re-review for 707 men who had information on both the diagnostic Gleason score and re-reviewed Gleason score 

	
	Diagnostic Gleason score
	

	
	6
	7
	8
	9
	10
	Total

	Re-reviewed Gleason score

	6
	70
	4
	1
	0
	1
	76

	7
	107
	45
	3
	0
	0
	155

	8
	83
	113
	46
	22
	2
	266

	9
	10
	66
	39
	74
	13
	202

	10
	0
	0
	3
	5
	0
	8

	Total
	270
	228
	92
	101
	16
	707





[bookmark: _Toc68888561]Supplementary Table S6. Odds ratios and 95% confidence intervals of the association between diagnostic Gleason score, ISUP 2014 Gleason score, and Gleason Grade Groups and death from prostate cancer among subjects diagnosed before 2006 

	
	Model 1a, b
	Model 2a, c

	
	OR
	95% CIs
	OR
	95% CIs

	Diagnostic Gleason score
	
	
	
	
	
	

	6
	1.00
	-
	-
	1.00
	-
	-

	7
	2.61
	1.54
	4.43
	1.81
	1.03
	3.17

	8
	4.15
	1.93
	8.94
	3.27
	1.45
	7.38

	9
	8.47
	3.67
	19.57
	5.53
	2.32
	13.19

	10
	2.61
	0.62
	11.03
	1.71
	0.40
	7.28

	AUC
	0.781
	0.742
	0.820
	0.802
	0.766
	0.838

	ISUP 2014 Gleason score
	
	
	
	
	
	

	6
	1.00
	-
	-
	1.00
	-
	-

	7
	1.37
	0.52
	3.61
	0.97
	0.36
	2.62

	8
	3.94
	1.57
	9.90
	2.30
	0.87
	6.06

	9
	13.96
	4.99
	39.05
	7.60
	2.59
	22.34

	10
	68.82
	3.14
	1510.70
	30.47
	1.32
	705.77

	AUCd
	0.808
	0.771
	0.844
	0.818
	0.784
	0.852

	Gleason Grade Groups
	
	
	
	
	
	

	1
	1.00
	-
	-
	1.00
	-
	-

	2
	1.32
	0.47
	3.73
	0.97
	0.33
	2.82

	3
	1.54
	0.47
	5.00
	0.99
	0.30
	3.31

	4
	4.07
	1.62
	10.19
	2.34
	0.89
	6.16

	5
	15.49
	5.57
	43.10
	8.28
	2.83
	24.22

	AUC
	0.805
	0.768
	0.841
	0.816
	0.780
	0.850

	Abbreviations: OR, Odds ratio; CIs, Confidence intervals; AUC, Area under the receiver operating curve
a Models developed using all cases and controls who had information on both the diagnostic Gleason score and the re-reviewed ISUP 2014 Gleason score (n=460)
b Model 1, Adjusted for the matching variables (year and county of diagnosis and follow-up time) and primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
c Model 2, Adjusted for the matching variables, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d P-value for the differences in the AUCs between the 2014 Gleason score and the diagnostic Gleason score: P=0.025 for Model 1 and P=0.089 for Model 2



1

[bookmark: _Toc68888562]Supplementary Table S7. Area under the receiver operating curve and 95% confidence intervals for the models with different histopathological features among 369 cases and 369 controls included in the main analysis

	
	Model 1a
	Model 2b
	Model 3c

	
	AUC
	95% CIs
	AUC
	95% CIs
	AUC
	95% CIs

	Number of cores per case
	0.746
	0.712
	0.779
	0.808
	0.780
	0.837
	0.819
	0.791
	0.846

	Total length of biopsy cores
	0.749
	0.715
	0.782
	0.811
	0.783
	0.840
	0.820
	0.793
	0.847

	Number of cores with cancer
	0.760
	0.727
	0.792
	0.808
	0.780
	0.837
	0.818
	0.791
	0.846

	Total length of cancer
	0.763
	0.731
	0.796
	0.807
	0.778
	0.836
	0.818
	0.791
	0.845

	Percentage of cores with cancer
	0.765
	0.732
	0.797
	0.809
	0.780
	0.837
	0.818
	0.791
	0.846

	Percentage of core length with cancer
	0.774
	0.742
	0.806
	0.810
	0.782
	0.839
	0.819
	0.792
	0.846

	Percentage of core area with cancer
	0.771
	0.739
	0.803
	0.809
	0.781
	0.838
	0.819
	0.792
	0.846

	Number of cores with ≥50% cancerd
	0.772
	0.740
	0.804
	0.810
	0.782
	0.839
	0.820
	0.793
	0.847

	Number of cores with ≥50% cancere
	0.769
	0.737
	0.801
	0.810
	0.782
	0.838
	0.820
	0.793
	0.847

	Cribriform pattern
	0.760
	0.728
	0.793
	0.809
	0.780
	0.837
	0.819
	0.792
	0.846

	Poorly formed glands
	0.752
	0.719
	0.785
	0.807
	0.778
	0.836
	0.818
	0.791
	0.846

	Comedonecrosis
	0.759
	0.727
	0.792
	0.811
	0.782
	0.839
	0.822
	0.795
	0.849

	Percentage of Gleason pattern 4f
	0.763
	0.695
	0.830
	0.761
	0.693
	0.828
	0.754
	0.683
	0.826

	Perineural invasion
	0.757
	0.724
	0.790
	0.808
	0.780
	0.837
	0.819
	0.792
	0.846

	Intraductal cancer
	0.745
	0.711
	0.778
	0.807
	0.778
	0.836
	0.818
	0.791
	0.845

	Mucinous cancer
	0.742
	0.708
	0.776
	0.808
	0.779
	0.837
	0.818
	0.791
	0.846

	High grade prostatic intraepithelial neoplasia
	0.752
	0.718
	0.785
	0.810
	0.782
	0.839
	0.821
	0.794
	0.848

	Post-atrophic hyperplasia
	0.742
	0.708
	0.776
	0.807
	0.778
	0.836
	0.818
	0.791
	0.845

	Acute inflammation
	0.745
	0.711
	0.779
	0.808
	0.779
	0.837
	0.819
	0.792
	0.846

	Chronic inflammation
	0.744
	0.710
	0.778
	0.809
	0.780
	0.837
	0.820
	0.792
	0.847

	Periglandular inflammation
	0.744
	0.710
	0.778
	0.808
	0.779
	0.836
	0.819
	0.791
	0.846

	Intraglandular inflammation
	0.744
	0.710
	0.778
	0.807
	0.778
	0.836
	0.818
	0.791
	0.845

	Stromal inflammation
	0.746
	0.713
	0.780
	0.809
	0.780
	0.837
	0.819
	0.792
	0.846

	Abbreviations: AUC, Area under the receiver operating curve; CIs, Confidence intervals
a Adjusted for the matching variables (year and county of diagnosis and follow-up time) and primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the matching variables, Gleason Grade Groups and primary treatment
c Adjusted for the matching variables, Gleason Grade Groups, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d Calculated as a number of cores with (tumor length/core length)*100≥50
e Calculated as a number of cores with (tumor area/core area)*100≥50
f Evaluated only among men with Gleason score 7



[bookmark: _Toc68888563]Supplementary Table S8. Odds ratios and 95% confidence intervals of the association between number of cores with different cut-offs for percentage of cancer involvement and death from prostate cancer among 369 cases and 369 controls included in the main analysis 

	
	Model 1a
	Model 2b
	Model 3c

	
	OR
	95% CIs
	OR
	95% CIs
	OR
	95% CIs

	Number of cores with percent cancer involvement equal or larger thand

	10
	1.16
	1.10
	1.24
	1.05
	0.99
	1.12
	1.04
	0.97
	1.12

	20
	1.17
	1.09
	1.24
	1.05
	0.98
	1.12
	1.04
	0.96
	1.12

	30
	1.19
	1.11
	1.27
	1.06
	0.99
	1.14
	1.06
	0.98
	1.14

	40
	1.21
	1.12
	1.30
	1.07
	1.00
	1.16
	1.07
	0.98
	1.16

	50
	1.21
	1.12
	1.32
	1.07
	0.99
	1.17
	1.07
	0.98
	1.16

	60
	1.25
	1.13
	1.37
	1.10
	1.00
	1.21
	1.10
	0.99
	1.21

	70
	1.27
	1.13
	1.43
	1.12
	0.99
	1.26
	1.13
	1.00
	1.28

	80
	1.35
	1.14
	1.60
	1.18
	1.00
	1.40
	1.21
	1.02
	1.43

	90
	1.16
	1.10
	1.24
	1.05
	0.99
	1.12
	1.04
	0.97
	1.12

	Number of cores with percent cancer involvement equal or larger thane

	10
	1.14
	1.08
	1.22
	1.05
	0.98
	1.11
	1.04
	0.97
	1.11

	20
	1.16
	1.09
	1.23
	1.05
	0.99
	1.12
	1.04
	0.97
	1.12

	30
	1.17
	1.10
	1.24
	1.06
	0.99
	1.13
	1.05
	0.97
	1.12

	40
	1.18
	1.11
	1.26
	1.07
	1.00
	1.14
	1.06
	0.98
	1.14

	50
	1.20
	1.13
	1.29
	1.08
	1.01
	1.16
	1.07
	0.99
	1.16

	60
	1.21
	1.13
	1.30
	1.08
	1.00
	1.16
	1.07
	0.99
	1.16

	70
	1.23
	1.14
	1.33
	1.09
	1.00
	1.18
	1.07
	0.98
	1.17

	80
	1.26
	1.16
	1.38
	1.10
	1.00
	1.20
	1.09
	0.99
	1.20

	90
	1.31
	1.17
	1.46
	1.11
	0.99
	1.25
	1.10
	0.98
	1.24

	Abbreviations: OR, Odds ratio; CIs, Confidence intervals 
a Adjusted for the matching variables (year and county of diagnosis and follow-up time) and primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the matching variables, Gleason Grade Groups and primary treatment
c Adjusted for the matching variables, Gleason Grade Groups, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d Core cancer involvement calculated as (tumor area/core area)*100
e Core cancer involvement calculated as (tumor length/core length)*100



[bookmark: _Toc68888564]Supplementary Table S9. Area under the receiver operating curve and 95% confidence intervals for the models with number of cores with different cut-offs for percentage of cancer involvement among 369 cases and 369 controls included in the main analysis

	
	Model 1a
	Model 2b
	Model 3c

	
	AUC
	95% CIs
	AUC
	95% CIs
	AUC
	95% CIs

	Number of cores with percent cancer involvement equal or larger thand

	10
	0.765
	0.733
	0.797
	0.809
	0.780
	0.837
	0.819
	0.792
	0.846

	20
	0.766
	0.734
	0.798
	0.809
	0.781
	0.838
	0.819
	0.792
	0.846

	30
	0.766
	0.733
	0.798
	0.809
	0.780
	0.837
	0.819
	0.791
	0.846

	40
	0.767
	0.735
	0.799
	0.809
	0.781
	0.838
	0.819
	0.792
	0.847

	50
	0.769
	0.737
	0.801
	0.810
	0.782
	0.838
	0.820
	0.793
	0.847

	60
	0.766
	0.733
	0.798
	0.810
	0.781
	0.838
	0.819
	0.792
	0.847

	70
	0.765
	0.733
	0.797
	0.810
	0.782
	0.839
	0.820
	0.793
	0.847

	80
	0.761
	0.728
	0.793
	0.810
	0.782
	0.839
	0.821
	0.794
	0.848

	90
	0.757
	0.724
	0.790
	0.810
	0.782
	0.839
	0.821
	0.794
	0.848

	Number of cores with percent cancer involvement equal or larger thane

	10
	0.763
	0.730
	0.795
	0.809
	0.780
	0.837
	0.819
	0.792
	0.846

	20
	0.765
	0.733
	0.797
	0.809
	0.780
	0.838
	0.819
	0.792
	0.846

	30
	0.767
	0.735
	0.799
	0.809
	0.781
	0.838
	0.819
	0.792
	0.847

	40
	0.769
	0.737
	0.801
	0.810
	0.781
	0.838
	0.820
	0.792
	0.847

	50
	0.772
	0.740
	0.804
	0.810
	0.782
	0.839
	0.820
	0.793
	0.847

	60
	0.772
	0.740
	0.804
	0.810
	0.782
	0.839
	0.820
	0.793
	0.847

	70
	0.771
	0.739
	0.803
	0.811
	0.782
	0.839
	0.820
	0.793
	0.847

	80
	0.769
	0.737
	0.801
	0.810
	0.782
	0.839
	0.820
	0.793
	0.847

	90
	0.765
	0.733
	0.797
	0.810
	0.781
	0.838
	0.820
	0.793
	0.847

	Abbreviations: AUC, Area under the receiver operating curve; CIs, Confidence intervals
a Adjusted for the matching variables (year and county of diagnosis and follow-up time) and primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the matching variables, Gleason Grade Groups and primary treatment
c Adjusted for the matching variables, Gleason Grade Groups, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d Core cancer involvement calculated as (tumor area/core area)*100
e Core cancer involvement calculated as (tumor length/core length)*100





[bookmark: _Toc64301496][bookmark: _Toc68888565]Supplementary Table S10. Odds ratios and 95% confidence intervals of the association between different Gleason grading system revisions and death from prostate cancer among 279 cases and 279 controls

	
	Model 1a
	Model 2b

	
	OR
	95% CIs
	OR
	95% CIs

	Pre-2005 Gleason score back-transformed using cribriform pattern onlyc

	6
	1.00
	-
	-
	1.00
	-
	-

	7
	0.87
	0.47
	1.62
	1.02
	0.51
	2.03

	8
	1.92
	1.03
	3.57
	1.75
	0.86
	3.55

	9
	6.96
	2.98
	16.26
	5.54
	2.18
	14.06

	10
	10.07
	0.99
	102.86
	11.43
	0.87
	149.43

	Apparent AUC
	0.823
	0.781
	0.866
	0.832
	0.774
	0.871

	Pre-2005 Gleason score back-transformed using poorly formed glands onlyd

	6
	1.00
	-
	-
	1.00
	-
	-

	7
	0.37
	0.08
	1.69
	0.35
	0.06
	1.88

	8
	6.91
	3.52
	13.57
	4.87
	2.38
	9.99

	9
	13.47
	2.32
	78.20
	11.36
	1.62
	79.57

	10
	9.33
	0.94
	92.96
	9.02
	0.71
	113.94

	Apparent AUC
	0.837
	0.797
	0.873
	0.875
	0.835
	0.914

	Pre-2005 Gleason score back-transformed using cribriform pattern and/or poorly formed glandse

	6
	1.00
	-
	-
	1.00
	-
	-

	7
	-
	-
	-
	-
	-
	-

	8
	6.34
	3.01
	13.35
	5.70
	2.52
	12.91

	9
	-
	-
	-
	-
	-
	-

	10
	9.46
	0.96
	93.09
	9.59
	0.75
	122.48

	Apparent AUC
	0.823
	0.783
	0.858
	0.846
	0.810
	0.889

	ISUP 2014 Gleason score
	
	
	
	
	
	

	6
	1.00
	-
	-
	1.00
	-
	-

	7
	2.59
	0.95
	7.08
	2.14
	0.75
	6.10

	8
	7.51
	2.62
	21.53
	4.67
	1.51
	14.48

	9
	35.69
	10.18
	125.03
	21.68
	5.69
	82.54

	10
	33.77
	2.58
	441.22
	29.36
	1.64
	526.47

	Apparent AUC
	0.848
	0.803
	0.882
	0.867
	0.821
	0.903

	Gleason Grade Groups
	
	
	
	
	
	

	1
	1.00
	-
	-
	1.00
	-
	-

	2
	2.75
	0.96
	7.94
	2.41
	0.80
	7.21

	3
	2.24
	0.64
	7.86
	1.62
	0.43
	6.09

	4
	7.42
	2.59
	21.23
	4.56
	1.47
	14.11

	5
	35.23
	10.20
	121.67
	21.39
	5.69
	80.51

	Apparent AUC
	0.851
	0.814
	0.889
	0.860
	0.814
	0.896

	Abbreviations: OR, Odds ratio; CIs, Confidence intervals AUC, Area under the receiver operating curve
a Adjusted for the primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment 
c Pre-2005 Gleason grading was back-transformed to pre-2005 Gleason grading by downgrading Gleason pattern 4 to Gleason pattern 3 whenever Gleason pattern 4 was assigned based on the cribriform pattern only
d Pre-2005 Gleason grading was back-transformed to pre-2005 Gleason grading by downgrading Gleason pattern 4 to Gleason pattern 3 whenever Gleason pattern 4 was assigned based on the poorly formed glands only
e Pre-2005 Gleason grading was back-transformed to pre-2005 Gleason grading by downgrading Gleason pattern 4 to Gleason pattern 3 whenever Gleason pattern 4 was assigned based on the cribriform pattern and/or poorly formed glands







[bookmark: _Toc64301497][bookmark: _Toc68888566]Supplementary Table S11. Odds ratios and 95% confidence intervals of the association between different histopathological features and death from prostate cancer among 279 cases and 279 controls

	
	Model 1a
	Model 2b
	Model 3c

	Hystopathological feature
	OR
	95% CIs
	OR
	95% CIs
	OR
	95% CIs

	Number of cores per case
	0.94
	0.90
	0.99
	0.94
	0.90
	0.98
	0.94
	0.90
	0.99

	Total length of biopsy cores (mm)
	0.99
	0.98
	1.00
	0.98
	0.97
	0.99
	0.98
	0.97
	1.00

	Number of cores with cancer
	1.11
	1.03
	1.20
	1.00
	0.92
	1.09
	1.00
	0.91
	1.09

	Total length of cancer (mm)
	1.02
	1.00
	1.03
	1.00
	0.98
	1.01
	0.99
	0.98
	1.01

	Percentage of cores with cancer
	1.19
	1.09
	1.30
	1.05
	0.95
	1.17
	1.02
	0.91
	1.14

	Percentage of core length with cancer
	1.02
	1.01
	1.03
	1.01
	0.99
	1.02
	1.00
	0.99
	1.01

	Percentage of core area with cancer
	1.24
	1.12
	1.37
	1.03
	0.91
	1.16
	0.98
	0.85
	1.13

	Number of cores with ≥50% cancer involvementd
	1.22
	1.11
	1.35
	1.05
	0.94
	1.16
	1.03
	0.92
	1.16

	Number of cores with ≥50% cancer involvemente
	1.20
	1.08
	1.34
	1.03
	0.92
	1.14
	1.02
	0.91
	1.14

	Cribriform pattern
	3.12
	1.88
	5.19
	1.57
	0.83
	2.98
	1.61
	0.77
	3.38

	Poorly formed glands
	2.60
	1.37
	4.91
	1.33
	0.44
	3.97
	2.24
	0.59
	8.53

	Comedonecrosis
	9.69
	1.98
	47.27
	3.92
	0.81
	19.07
	4.38
	0.89
	21.50

	Percentage of Gleason pattern 4f
	1.25
	0.68
	2.28
	2.41
	0.49
	11.79
	-
	-
	-

	Perineural invasion
	2.13
	1.33
	3.39
	1.38
	0.79
	2.42
	1.29
	0.70
	2.39

	Intraductal cancer
	1.35
	0.44
	4.16
	0.53
	0.14
	2.03
	0.53
	0.13
	2.12

	Mucinous cancer
	1.36
	0.31
	5.90
	1.36
	0.26
	7.03
	1.98
	0.31
	12.71

	High grade prostatic intraepithelial neoplasia
	0.48
	0.29
	0.81
	0.55
	0.30
	1.01
	0.62
	0.33
	1.17

	Post-atrophic hyperplasia
	0.86
	0.50
	1.47
	1.03
	0.55
	1.95
	1.18
	0.61
	2.31

	Acute inflammation
	0.71
	0.40
	1.26
	0.79
	0.40
	1.54
	0.83
	0.40
	1.70

	Chronic inflammation
	2.15
	0.95
	4.85
	1.92
	0.66
	5.59
	3.38
	0.98
	11.73

	Periglandular inflammation
	0.80
	0.51
	1.27
	0.91
	0.52
	1.61
	1.27
	0.67
	2.42

	Intraglandular inflammation
	0.82
	0.49
	1.37
	0.92
	0.50
	1.71
	1.10
	0.57
	2.12

	Stromal inflammation
	2.38
	1.28
	4.41
	1.83
	0.83
	4.02
	2.23
	0.92
	5.42

	Abbreviations: OR, Odds ratio; CIs, Confidence intervals
a Adjusted for the primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the Gleason Grade Groups and primary treatment 
c Adjusted for the Gleason Grade Groups, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d Calculated as a number of cores with (tumor length/core length)*100≥50
e Calculated as a number of cores with (tumor area/core area)*100≥50
f Evaluated only among men with Gleason score 7 (only 18 cases and 18 controls included in the analysis)




[bookmark: _Toc64301498][bookmark: _Toc68888567]Supplementary Table S12. Apparent area under the receiver operating curve and 95% confidence intervals for the models with different histopathological features among 279 cases and 279 controls

	
	Model 1a
	Model 2b
	Model 3c

	Hystopathological feature
	AUC
	95% CIs
	AUC
	95% CIs
	AUC
	95% CIs

	Number of cores per case
	0.765
	0.717
	0.808
	0.849
	0.808
	0.889
	0.867
	0.824
	0.903

	Total length of biopsy cores
	0.781
	0.738
	0.828
	0.867
	0.821
	0.903
	0.871
	0.821
	0.903

	Number of cores with cancer
	0.769
	0.722
	0.819
	0.841
	0.799
	0.889
	0.857
	0.821
	0.900

	Total length of cancer
	0.774
	0.724
	0.828
	0.860
	0.814
	0.896
	0.857
	0.817
	0.900

	Percentage of cores with cancer
	0.774
	0.728
	0.821
	0.860
	0.817
	0.892
	0.857
	0.814
	0.900

	Percentage of core length with cancer
	0.789
	0.735
	0.833
	0.823
	0.778
	0.864
	0.857
	0.817
	0.900

	Percentage of core area with cancer
	0.799
	0.753
	0.849
	0.846
	0.806
	0.889
	0.860
	0.817
	0.896

	Number of cores with ≥50% cancer involvementd
	0.799
	0.756
	0.846
	0.846
	0.803
	0.885
	0.860
	0.814
	0.892

	Number of cores with ≥50% cancer involvemenee
	0.803
	0.746
	0.846
	0.853
	0.806
	0.889
	0.857
	0.814
	0.892

	Cribriform pattern
	0.801
	0.754
	0.844
	0.846
	0.806
	0.887
	0.864
	0.828
	0.907

	Poorly formed glands
	0.792
	0.746
	0.835
	0.848
	0.801
	0.885
	0.860
	0.814
	0.896

	Comedonecrosis
	0.785
	0.737
	0.823
	0.853
	0.812
	0.885
	0.857
	0.817
	0.896

	Percentage of Gleason pattern 4f
	0.765
	0.717
	0.801
	0.855
	0.812
	0.887
	0.864
	0.821
	0.907

	Perineural invasion
	0.806
	0.765
	0.842
	0.849
	0.808
	0.885
	0.849
	0.803
	0.885

	Intraductal cancer
	0.667
	0.111
	0.889
	0.667
	0.222
	0.889
	-
	-
	-

	Mucinous cancer
	0.771
	0.719
	0.812
	0.849
	0.808
	0.885
	0.849
	0.806
	0.885

	High grade prostatic intraepithelial neoplasia
	0.751
	0.710
	0.792
	0.855
	0.814
	0.887
	0.857
	0.821
	0.903

	Post-atrophic hyperplasia
	0.744
	0.703
	0.781
	0.849
	0.806
	0.884
	0.857
	0.821
	0.896

	Acute inflammation
	0.765
	0.720
	0.806
	0.849
	0.806
	0.884
	0.857
	0.817
	0.900

	Chronic inflammation
	0.751
	0.704
	0.792
	0.857
	0.817
	0.892
	0.857
	0.817
	0.900

	Periglandular inflammation
	0.751
	0.711
	0.796
	0.846
	0.810
	0.882
	0.857
	0.817
	0.900

	Intraglandular inflammation
	0.754
	0.708
	0.794
	0.849
	0.806
	0.885
	0.853
	0.806
	0.889

	Stromal inflammation
	0.760
	0.711
	0.801
	0.851
	0.812
	0.891
	0.853
	0.806
	0.892

	Abbreviations: AUC, Area under the receiver operating curve; CIs, Confidence intervals
a Adjusted for the primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the Gleason Grade Groups and primary treatment 
c Adjusted for the Gleason Grade Groups, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d Calculated as a number of cores with (tumor length/core length)*100≥50
e Calculated as a number of cores with (tumor area/core area)*100≥50
f Evaluated only among men with Gleason score 7 (only 18 cases and 18 controls included in the analysis)




[bookmark: _Toc64301499][bookmark: _Toc68888568]Supplementary Table S13. Odds ratios and 95% confidence intervals of the association between number of cores with different cut-offs for percentage of cancer involvement and death from prostate cancer among 279 cases and 279 controls

	
	Model 1a
	Model 2b
	Model 3c

	
	OR
	95% CIs
	OR
	95% CIs
	OR
	95% CIs

	Number of cores with percent cancer involvement equal or larger thand

	10
	1.13
	1.05
	1.22
	1.01
	0.93
	1.10
	1.01
	0.92
	1.10

	20
	1.14
	1.05
	1.24
	1.01
	0.93
	1.10
	1.00
	0.92
	1.10

	30
	1.16
	1.07
	1.27
	1.01
	0.92
	1.11
	1.00
	0.91
	1.11

	40
	1.18
	1.07
	1.30
	1.02
	0.93
	1.13
	1.01
	0.91
	1.12

	50
	1.20
	1.08
	1.34
	1.03
	0.92
	1.14
	1.02
	0.91
	1.14

	60
	1.20
	1.07
	1.34
	1.02
	0.91
	1.14
	0.99
	0.88
	1.12

	70
	1.26
	1.10
	1.45
	1.07
	0.94
	1.23
	1.04
	0.90
	1.20

	80
	1.24
	1.05
	1.46
	1.07
	0.91
	1.26
	1.06
	0.89
	1.26

	90
	1.34
	1.06
	1.71
	1.16
	0.91
	1.47
	1.16
	0.90
	1.48

	Number of cores with percent cancer involvement equal or larger thane

	10
	1.12
	1.04
	1.21
	1.01
	0.93
	1.10
	1.01
	0.92
	1.11

	20
	1.13
	1.05
	1.23
	1.01
	0.93
	1.10
	1.01
	0.92
	1.10

	30
	1.16
	1.07
	1.26
	1.02
	0.94
	1.12
	1.01
	0.92
	1.12

	40
	1.18
	1.08
	1.29
	1.03
	0.94
	1.14
	1.02
	0.93
	1.13

	50
	1.22
	1.11
	1.35
	1.05
	0.94
	1.16
	1.03
	0.92
	1.16

	60
	1.23
	1.11
	1.36
	1.05
	0.94
	1.17
	1.02
	0.91
	1.15

	70
	1.24
	1.11
	1.38
	1.05
	0.93
	1.18
	1.02
	0.90
	1.16

	80
	1.27
	1.12
	1.43
	1.06
	0.93
	1.21
	1.04
	0.90
	1.20

	90
	1.27
	1.10
	1.48
	1.06
	0.90
	1.24
	1.03
	0.86
	1.22

	Abbreviations: OR, Odds ratio; CIs, Confidence intervals
a Adjusted for the primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the Gleason Grade Groups and primary treatment 
c Adjusted for the Gleason Grade Groups, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d Core cancer involvement calculated as (tumor area/core area)*100
e Core cancer involvement calculated as (tumor length/core length)*100





[bookmark: _Toc64301500][bookmark: _Toc68888569]Supplementary Table S14. Apparent area under the receiver operating curve and 95% confidence intervals for the models with number of cores with different cut-offs for percentage of cancer involvement among 279 cases and 279 controls
	
	Model 1a
	Model 2b
	Model 3c

	
	AUC
	95% CIs
	AUC
	95% CIs
	AUC
	95% CIs

	Number of cores with percent cancer involvement equal or larger thand

	10
	0.769
	0.720
	0.817
	0.842
	0.792
	0.880
	0.864
	0.832
	0.907

	20
	0.780
	0.731
	0.833
	0.842
	0.797
	0.880
	0.860
	0.814
	0.892

	30
	0.778
	0.729
	0.819
	0.841
	0.799
	0.882
	0.864
	0.824
	0.907

	40
	0.794
	0.747
	0.839
	0.844
	0.799
	0.884
	0.860
	0.817
	0.896

	50
	0.792
	0.746
	0.835
	0.848
	0.801
	0.885
	0.860
	0.814
	0.896

	60
	0.797
	0.753
	0.841
	0.853
	0.803
	0.891
	0.857
	0.817
	0.900

	70
	0.783
	0.733
	0.824
	0.849
	0.803
	0.889
	0.864
	0.824
	0.903

	80
	0.778
	0.731
	0.821
	0.842
	0.796
	0.882
	0.853
	0.803
	0.889

	90
	0.776
	0.731
	0.817
	0.853
	0.808
	0.887
	0.857
	0.817
	0.900

	Number of cores with percent cancer involvement equal or larger thane

	10
	0.772
	0.719
	0.815
	0.841
	0.799
	0.885
	0.864
	0.824
	0.907

	20
	0.772
	0.724
	0.819
	0.842
	0.794
	0.878
	0.860
	0.810
	0.896

	30
	0.785
	0.735
	0.830
	0.846
	0.806
	0.889
	0.860
	0.814
	0.896

	40
	0.787
	0.738
	0.835
	0.842
	0.796
	0.882
	0.860
	0.814
	0.896

	50
	0.801
	0.754
	0.844
	0.846
	0.806
	0.887
	0.864
	0.828
	0.907

	60
	0.814
	0.767
	0.855
	0.848
	0.797
	0.889
	0.864
	0.824
	0.907

	70
	0.799
	0.758
	0.849
	0.844
	0.801
	0.887
	0.864
	0.824
	0.903

	80
	0.799
	0.751
	0.844
	0.853
	0.806
	0.891
	0.867
	0.817
	0.900

	90
	0.794
	0.751
	0.839
	0.858
	0.819
	0.900
	0.864
	0.824
	0.903

	Abbreviations: AUC, Area under the receiver operating curve; CIs, Confidence intervals
a Adjusted for the primary treatment (deferred treatment (i.e. active surveillance or watchful waiting), curative treatment (i.e. radical prostatectomy or radiotherapy) and primary androgen deprivation therapy)
b Adjusted for the Gleason Grade Groups and primary treatment 
c Adjusted for the Gleason Grade Groups, clinical tumor stage (cT1, cT2, cT3 and cT4), age (continuous) and PSA (transformed using restricted cubic splines with knots at 4.5, 16 and 105.65 ng/ml) at diagnosis and primary treatment
d Core cancer involvement calculated as (tumor area/core area)*100
e Core cancer involvement calculated as (tumor length/core length)*100
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