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Study Need and Importance: Biopsy grading of PCa is
critical for determining patient management. A number
of refinements have been introduced to PCa grading to
improve prognostic accuracy and identify the best can-
didates for active surveillance. There is also an emerging
role for telepathology. The opportunity to assess (1) the
ability to grade PCa by telepathology and (2) interob-
server and intraobserver variability of grading using
contemporary guidelines motivated this study.

What We Found: First, telepathology is satisfactory
for grading PCa. Second, there was only fair to mod-
erate grade agreement among our group of 11 genito-
urinary pathologists (or with themselves when shown
an image a second time) for Gleason scores, especially
when interpreting GG1 vs GG2 with low amounts
(<10%) pattern 4. The heat map shows the range of
grade group scorings for 120 cases ordered left to right
from lowest to highest grade given for each case, while
the table shows the total cases by number of reviewers
in agreement. On a second round of grading by the
same observers, 83% of images that were upgraded
from GG1 to GG2 had < 10% pattern 4.

Limitations: Reviewers had to rely on 1 full-length
image without access to additional levels of the tis-
sue; and computer displays were not standardized
among observers (Figure).

Interpretation for Patient Care: Variability in Glea-
son grading among pathologists and when the same
pathologist re-reads a biopsy, particularly with low
amounts of pattern 4, implies the possibility that an
increase in grade from GG1 to GG2 with < 10% pattern
4 during surveillance biopsy may be due to this grading
variability rather than a true increase in biologic
aggressiveness. Care should be taken when counseling
patients on active surveillance of this possibility. Tele-
pathology for expert consultation on challenging cases
and for central pathology review is appropriate.
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Heat-map of Grade Group Classifications of 120 Unque Images

Consensus Cases Indicated by Dots, Color-coded
by Consensus Grade Group
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Figure. Heatmap of GG classifications for 120 unique case images.
Grade scores are grouped left to right on the x-axis from the
lowest GG rating to the highest given for each image irrespective
of which reviewer assigned the grade. Cases are grouped from top
to bottom on the y-axis by the lowest GG reported for each case
and then ordered from lowest to highest mean GG within the
groups. Cases that reached consensus (>7 reviewers agreeing on
grade) are denoted by the color-coded dots at the left of the
figure. Consensus was reached on 72% (86/120) of the cases, with
unanimous agreement on 11% (13/120). A table showing the total
images by number of reviewers in agreement and GG is included
on the right with the consensus definition highlighted in grey. All
120 unique case images had at least 5 reviewers agree on GG.
GG, grade group.
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Whole-Slide Telepathology Grading of Prostate Cancer
in Biopsies Using International Society of Urological
Pathology Criteria: Interobserver and Intraobserver
Concordance and Implications for Active Surveillance
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Purpose: Subjectivity of PCa grading affects biomarker investigations, assess-
ments of imaging, and treatment decisions, especially for active surveillance. We
conducted the first telepathology concordance study of PCa needle biopsy grading
using contemporary International Society of Urologic Pathology guidelines.

Methods: Whole slide images (n = 120) of PCa biopsy cases across grade groups
(GGs) were examined by 11 urologic pathologists. Forty cases were blindly regraded,
oversampling cases with lower agreement on first review. Pathologists provided GG,
percentage and type of pattern Gleason 4, and tumor length. Consensus for a case
was defined as GG agreement by > 7 pathologists. GG agreement among and within
pathologists was measured using model-based weighted Kappa statistics (k).
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Results: Consensus was achieved on 86/120 (72%) cases. Of 34 cases not achieving consensus, most were GG2
vs GG1 (41%) or GG2 vs GG3 (38%). The inter-rater «k,, was 0.34 (95% CI 0.28, 0.39) indicating fair agreement.
Forty regraded cases had an intrarater k, of 0.49 (95% CI 0.46, 0.53; moderate agreement). Sixty-four percent
of the repeated grades agreed. Of the repeated ratings that did not agree, 39% involved GG1 vs GG2. Of the
GG1 vs GG2 paired repeated ratings, 77% reported 1-10% pattern 4, and indicated common observation was

“poorly formed glands.”

Discussion: Inter-rater and intrarater variability in GG is significant, particularly discerning GG1 from GG2
with < 10% grade 4. These observations have profound implications for treatment decisions (surveillance vs
definitive therapy) and studies of new biomarkers and imaging of prostate cancer.

Key Words: prostate cancer, grading, telepathology

For almost 60 years, the Gleason system has been
the standard for PCa grading and is the most
important prognostic factor obtained from pros-
tate biopsy. A series of consensus conferences held
by the International Society of Urological Pathol-
ogy (ISUP) in 2005, 2014, and 2019 sequen-
tially refined Gleason grading.’ The refinements
aimed to better classify the architectural patterns
of PCa by restricting the definition of low grade
PCa (pattern 3); defining pattern 4 to include
fused, poorly formed, cribriform, and glomeruloid
patterns; and establishing 5 grade groups (GGs),
derived from the Gleason system to improve pa-
tient counseling and prognostic accuracy. Specif-
ically, restricting the criteria for Gleason pattern
3 would help identify the best candidates for
active surveillance (AS). Although the ISUP
guidelines were expected to improve interobserver
grade variability, this has not been rigorously
tested.

The last 10 years have witnessed remarkable ad-
vances in whole-slide imaging of pathology tissue
specimens. It is now possible to remotely examine
whole tissue sections stained using routine stains
that have been imaged in a format and viewed at
magnifications controlled by the viewer. While
initially introduced as a research and educational
tool, improvements in quality and usability have
made whole-slide imaging feasible for diagnostic
use with commercial systems receiving FDA
approval.* In this study, we describe the results of
the first multi-institutional PCa grading concor-
dance study performed by telepathology based on
contemporary ISUP guidelines.

MATERIALS AND METHODS

Eleven pathologists (hereafter “reviewers”) from the
United States and Europe and with academic expertise in
GU pathology participated in this study. A stratified
sampling approach was used to obtain relatively equal
numbers of reviewers who were early in their career (<5
years), midcareer (5-15 years), or senior (>15 years) to
provide a representative sample and make results
generalizable. Reviewers were trained on the Concentriq
imaging platform.
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Image Collection and Distribution

Hematoxylin and eosin—stained prostate biopsy whole
slide images (n = 120, 2 cores/image) were obtained from
University Medical Center Utrecht (UMCU, Utrecht,
Netherlands) and Protean BioDiagnostics (Orlando, FL)
through an image library housed at Proscia, Inc. (Phila-
delphia, PA). Images were deidentified at Proscia and
obtained with IRB approval and an appropriate contract
from UMCU and Protean. Image selection was made by
Proscia to include all Gleason grades and morphologies
and copied to a study repository. The study was designed
to include 4 batches of 40 slides for review. Reviewers
were notified when each batch was available and given
access to their own assigned repository. The design called
for 40 unique images to be reviewed in Batch 1 and
another 40 unique images in Batch 2. At that point, the
study team identified 40 of the 80 cases from the first 2
batches to resubmit for repeat grading after a washout
period of > 3 months. These included 20 that showed less
agreement among the reviewers in terms of Gleason grade
plus 20 randomly selected cases. For Batches 3 and 4, 20
unique images were included in each batch and 20 repeat
images for a total of 120 unique images of which 40 were
reviewed a second time, with 50% cases that had lower
agreement on the first review and 50% randomly selected.
Overall, each of the 11 reviewers examined 160 images,
totaling 1760 individual pathology readings. Reviewers
were blinded to the duplicate read aspect of the study.

Data Collection and Workflow

Reviewers examined each image and completed metadata
fields in the Concentriq platform including Gleason grade,
% Gleason patterns, Morphologic pattern, and Tumor
length (Supplemental Table 1, https://www.jurology.com
lists the metadata fields). Metadata fields were reviewed
for completeness, and if necessary, follow-up with re-
viewers was conducted to obtain missing values. After the
reviewing period for each batch was complete, the batch
repository was unshared so that reviewers no longer had
access to completed batches. An end-of-study reviewer
survey assessed the experience of the reviewers in using
the Concentriq system for PCa grading. Reviewers rated
their experience on a scale of 1 (lowest) to 5 (highest) for
image quality, navigation, metadata reporting, and over-
all experience.

Statistical Analysis
After all images were completed by the reviewers, the .csv
files were sent to the statistical team. Reviewers were

JU-25-1517 m 9 January 2026 m Published Online Date: 00 00 0000
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deidentified to everyone in the study and given an ID
number by Proscia. The 4 batches were combined for
analysis when all reviews were complete.

The primary analysis was based on GGs, as defined by
Gleason score.? An ordinal outcome with 5 levels was
specified from the Gleason components that were recorded
for each image. An ordinal score of 1 was given to a Gleason
combination of 3 + 3 (GG1), a score of 2 was given for 3 +
4 (GG2), a score of 3 was given for 4 + 3 (GG3), a score of 4
was given for any of the following combinations: 4 + 4, 3 +
5,0r 5 + 3 (GG4), and a score of 5 was given for 4 + 5,5 +
4, or 5 + 5 (GGH). If a reviewer indicated “no cancer pre-
sent,” the score was set to missing.

To estimate inter-rater and intrarater variability of GG
rating and corresponding 95% CI, a generalized linear
mixed model approach was used because it can manage
correlated data from many raters, outcomes on an ordinal
scale (Gleason score), duplicate ratings, and unbalanced
or missing data.’” (see supplemental data for additional
detail, https://www.jurology.com).

Because of no gold standard for “true” tumor grade in
this study, we used the concept of consensus review. The
first review of each image by each rater was used, so no
repeat reviews by a single pathologist were included in the
consensus assessment. For each image, we identified the
mode GG (most frequently assigned grade among the 11
reviewers). The mode could theoretically vary from 3 to 11
reviewers agreeing on a GG. Consensus was defined as
agreement on GG by 7 or more reviewers (64%) for a given
case.

RESULTS

First Review of Images, Inter-rater Evaluation
Figure 1A shows a heatmap of GG classifications for
the 120 unique case images grouped left to right from
the lowest to highest GG rating for each image and
from top to bottom by the lowest grade given for each
image, then grouped by average tumor grade. Cases
that achieved a consensus (>7 reviewers agreeing on
GG) are denoted by the colored dots to the left of the
figure. Of the 120 cases, 86 (72%) reached consensus,
with unanimous agreement on 11% (13/120). Of
consensus cases, 29% (25/86) were GG1, 34% GG2
(29/86), 20% GG3 (17/86), 6% GG4 (5/86), and 12%
GG5 (10/86). The level of agreement was highest for
images defined as consensus GG1, with 85% of rat-
ings being GG1, and lowest for GG4 with 75% of
ratings being GG4 (Figure 2). Thirty-four cases failed
to reach consensus. Of these, for 13 cases (38%), the
mode was split between GG2 and GG3, reflecting
disagreements about the percentage of pattern 4 in
the biopsy, and in 14 cases (154 ratings), the mode
was split between GG1 and GG2 with 74 GG1 rat-
ings and 73 GG2. When GG2 was reported in these
cases, it most often had < 10% pattern 4 (62/73 rat-
ings, 85%) and either “poorly formed glands” (37/73,
51%) or fused glands (31/73, 42%) (Supplemental
Table 2, https://www .jurology.com).
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Intraobserver Duplicate Reviews

Figure 3 shows the initial grade assignments (Panel
A) and repeat assignments (Panel B) for 40 cases,
each regraded by 11 reviewers (total of 440 ratings).
The largest number of grade changes occurred for
tumors initially graded as GG4 with 62% of the
grades either going up 1 GG to GG5 or down 1 GG to
GG3 (Supplemental Table 3, https://www.jurology.
com). Only 55% of images initially graded as GG1
remained as GG1 upon regrading, with 42%
increasing on second review to GG2. Conversely,
23% of tumors initially graded as GG2 were down-
graded to GG1 (Supplemental Table 3, https:/www.
jurology.com). Of the 19 images that failed to reach
consensus on first read, 10 again failed to reach
consensus on second read illustrating the level of
difficulty in assigning a grade category for these
cases.

Tumor Characteristics and GG Agreement

To determine whether characteristics of the tumor
on biopsy affected re-gradings between GG1 and
GG2, the reported linear extent of tumor, percent of
pattern 4, and type of pattern 4 were compared
between those tumors that changed GG vs those
that did not (Table 1). There were 440 total repeat
grade ratings for 40 images (40 images x 11 re-
viewers). Sixty-nine of these had an original grade
of GG1 and 138 as GG2. Of the 69 ratings originally
graded as GG1, 55% were also graded as GG1 on re-
review, while 42% were upgraded to GG2 and 3% to
>GG3. For those images upgraded to GG2, the re-
ported percent of grade pattern 4 was 1% to 10% in
82% (1%-5% in 52%) indicating small amounts of
the higher-grade component, not recognized on first
read, affected the regrade. Of the 138 ratings orig-
inally graded as GG2, 64% were also graded as GG2
on re-review with 23% downgraded to GG1 and 13%
upgraded to >GG3. For those images that were
downgraded by a reviewer to GG1, 72% were origi-
nally rated as having 1% to 10% grade pattern 4,
but were not recognized as having any pattern 4
component on re-review. Where consensus GG var-
ied between 1 and 2, the most frequent types of
pattern 4 were reported as “poorly formed glands”
(56%) and “fused glands” (31%). By contrast, for
those cases that were consistently coded as
consensus GG2, poorly formed glands were less
frequent at 43%. Linear extent of tumor did not
significantly differ between tumors that changed
GG after re-review and those that did not (data not
shown).

Kappa Statistics

Results from the model-based evaluation of inter-
rater and intra-rater agreement, accounting for the
correlations in the data, can be found in Supplemental
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Heat-map of Grade Group Classifications of 120 Unique Images

Consensus Cases Indicated by Dots, Color-coded
by Consensus Grade Group
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Figure 1. Heatmap of GG classifications for 120 unique case images. Grade scores are grouped left to right on the x-axis from the lowest
GG rating to the highest given for each image irrespective of which reviewer assigned the grade. Cases are grouped from top to bottom
on the y-axis by the lowest GG reported for each case and then ordered from lowest to highest mean GG within the groups. Cases that
reached consensus (>7 reviewers agreeing on grade) are denoted by the color-coded dots at the left of the figure. Consensus was
reached on 72% (86/120) of the cases, with unanimous agreement on 11% (13/120). A table showing the total images by number of
reviewers in agreement and GG is included on the right with the consensus definition highlighted in grey. All 120 unique case

images had at least 5 reviewers agree on GG. GG, grade group.

Table S4 (https:/www.jurology.com). In brief, inter-
rater k,, for the 5-level ordinal GG is 0.34 and the
intra-rater GG k., is 0.49. The inter-rater GG «k,, did
not improve significantly from the first to the second
review of the same images (0.33), suggesting there
was no observed learning curve for the telepathology
protocol. General guidelines for interpreting kappa
values group 0.21 to 0.40 as fair agreement, 0.41 to
0.60 moderate agreement, and 0.61 to 0.80 suggests
substantial agreement.®

Dochead: Original Clinical Article

Pathologist Impression of Telepathology Review

Table 2 summarizes the experience of the pathologists
using the Concentriq system for this study. Most re-
viewers were satisfied with image quality (score 2.3,
range 1-4) and image navigation (2.3, range 1-5).
When compared with microscopic examination of glass
slides (1 = better than glass, 5 = worse than glass),
the overall experience with telepathology was inter-
mediate (3.2, range 1-4). Most reviewers indicated that
reviewing telepathology was slower than glass, but

JU-25-1517 m 9 January 2026 m Published Online Date: 00 00 0000
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Figure 2. Variability of grade scores for each consensus GG for 86 cases achieving consensus. A total of 946 individual grade ratings were
recorded from 11 pathologists. The agreement of the total image scores is indicated above each consensus bar. GG4 consensus tumors
showed the lowest agreement at 75%, indicating that 25% of ratings were assigned another GG. The highest level of agreement was for
images defined as consensus GG1, with 85% of ratings being GG1. GG, grade group.
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Figure 3. Heatmap of GG classification for 40 cases that were regraded after a washout period of > 3 months comparing the initial review
grade with the repeat grade. Cases that reached consensus are denoted by dots the left or right of the panels. Grade changes were most
prevalent for cases originally scored as GG1 or GG2. GG, grade group.
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Table 1. Reported Characteristics of 207 Ratings Originally Submitted by Eleven Reviewers as GG1 or GG2 on First Review That Were

Regraded on Repeat Review

Pattern of grade 4

N (%) with 1%-5% N (%) with 1%-10% Poorly formed Fused
Initial grade Regrade Count (%) pattern 4 pattern 4 glands glands Cribriform Unspecified
GG1 (N = 69 No change 38 (55%) - - - - - -
GG2 29 (42%) 15 (52%) 24 (83%) 16 (55%) 9 (31%) 1 (3%) 3 (10%)
GG3+ 2 (3%) - - 1 (50%) - 1 (50%) -
GG2 (N = 138) No change 88 (64%) 33 (38%) 57 (65%) 38 (43%) 34 (44%) 13 (15%) 3 (3%)
GG1 32 (23%) 18 (56%) 23 (72%) 18 (56%) 10 (31%) 4 (13%) -
GG3+ 18 (13%) 3 (17%) 8 (45%) 10 (56%) 4 (13%) 3 (3%) 5 (4%)

GG, grade group.

Numbers indicate individual image assessments made that comprised each grade group by 11 reviewers. The percent and pattern of grade 4 is given for those tumars that had

grade 4 reported as part of the grade group.

that speed and comfort improved after experience with
the Concentriq system.

DISCUSSION
PCa grading remains the most important prognostic
factor determined on biopsy, providing an estimate of
the tumor’s biologic aggressiveness. In the clinic, it
guides management decisions while in research, it is
used to evaluate biomarkers, imaging, and treatment
outcomes. Refinements to the Gleason system and
the establishment of ISUP grade groupings (GG1-
GGb5) provide criteria for grading and improved
stratification of outcomes.'® One important effect of
the refinements introduced at the 2005 and 2014
ISUP Consensus Conferences was to define low
grade (GG1) tumors more stringently so that pa-
tients and their providers “could be reassured that
they have...the lowest grade tumor possible, which
in most cases can be followed with active surveil-
lance.” Nonetheless, key to achieving this goal is
uniformity and reproducibility of Gleason grading on
biopsy.

We examined the level of concordance for Gleason
grading using ISUP recommendations from the
consensus conferences of 2005, 2014 and 2019 on 120

Table 2. Experience of the Pathologists Using the Concentriq
Telepathology System for the Review of Prostate Biopsy
Images

Concentriq for Research
(1 = lowest, 5 = highest)
Mean (IQR)

Rate efficiency of navigating the image
2.45 (1.5-3.5)

Rate ease of using metadata panel
2 (1-3)
Rate experience with measuring tool
2.64 (1.5-4)
Rate the quality of images
2.36 (1.5-3.5)
Did your ability to use Concentriq for Yes (9)
research improve over time? No (2)

GG, grade group.
Pathologists rated the system for viewing and navigating the images and the
metadata reporting tool on a scale of 1 (lowest) to 5 (highest).
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unique images using the Concentriq telepathology
system. Telepathology provided several advantages
for this study. Reviewers from around the world
participated without the need for travel or round-
robin shipping of slides. Reviewers graded images in
isolation without the possibility of being biased by
discussions often arising in a group setting. Impor-
tantly, the protocol facilitated re-reads of images in a
“masked” fashion after a washout period to assess
intra-rater variability. Finally, it supported the utility
of whole-slide telepathology for the grading of PCa
using ISUP guidelines. The Concentriq platform was
approved for telepathology by the FDA in February
2024.*

Our telepathology protocol also introduced limi-
tations to the study that may have affected the re-
sults. Reviewers had to rely on 1 full-length image
of the biopsy for grading without the ability to ask
for additional levels in which tissue blocks are
resectioned to provide additional slides for exami-
nation. Comparison of multiple levels may resolve
questions about true gland fusion vs tangential
sectioning. Computer hardware was not standard-
ized for monitor size or resolution and original glass
slides were not circulated for comparison. Most re-
viewers indicated that grading cases by tele-
pathology was slower than their experience with
glass slides, but they gained comfort with grading
as they accrued experience with the system.

Although the inter-rater weighted kappa of 0.34
was similar to other concordance studies in the liter-
ature,” 12 the data indicated that interobserver vari-
ability in Gleason grading of PCa remains problematic
on biopsies, particularly for recognition and quantifi-
cation of pattern 4. An important aspect of the study
was the ability to assess intra-rater variability on a
subset of images regraded after a washout period from
the original review. Regrading data provided insight
into the elements that often lead to grading discrep-
ancies. Because each reviewer was regrading the
same image as previously graded, grade changes are
more likely to reflect features of the tumor than
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limitations of telepathology. Images were upgraded
from GG1 to GG2 42% of the time upon repeat
grading, and 83% of the images were reported as 1-
10% Gleason pattern 4 when upgraded. Reviewers
reported the pattern 4 component as “poorly formed
glands” in 55% of these regrades. These same obser-
vations held true for the images that failed to achieve
consensus: in images in which reviews were split be-
tween GG1 and GG2, 85% of GG2 scores were re-
ported to have 1-10% pattern 4 and 51% reported
“poorly formed glands.” Thus, small amounts of
higher grade patterns blur the distinction between
GGl and GG2, particularly when interpreting
whether glands are the “poorly formed” pattern of
Gleason 4. Intra-rater agreement in this study is
likely an underestimate because half of the images
selected for repeat review had been considered “diffi-
cult” because of lack of agreement by the raters in
their first review.

Similarly, tumors originally classified as GG4 were
often reclassified upon regrading as either GG3 or
GG5 when reviewers identified small amounts of
Gleason patterns 3 or 5 on regrading that were not
initially appreciated. While a diagnosis of a GG3, GG4
or GG5 tumor often affects prognosis and choice of
therapy, few such tumors would be managed with AS.

More concerning is the discrimination of GG2
from GG1 or GG3. Most patients with GG1 tumors
are candidates for AS. While some providers may
offer AS for GG2 tumors, particularly with < 10%
Gleason pattern 4, others may not. AS is seldom
warranted for GG3. Therefore, grading variability
between GG2 and GG1 or GG3 is likely to alter
treatment recommendations. The data also suggest
that AS monitoring “progression” of PCa grade on
periodic surveillance biopsies by the same or
different pathologist may prompt definitive treat-
ment while not truly reflecting a change in the
biology of the tumor.

Studies have demonstrated that GG2 tumors
with < 10% Gleason pattern 4 on biopsy are asso-
ciated with favorable low-risk pathology on subse-
quent prostatectomy and outcomes similar to GG1
cancer.'®!* In support of this contention, our data
show a high rate of interobserver and intraobserver

variability for distinguishing GG2 with < 10%
pattern 4 from GG1 and subjectivity of interpreta-
tion of “poorly-formed glands.” Our data also indi-
cate that published outcomes for GG1 are likely
contaminated by GG2 with low amounts of pattern
4. This also aligns with recent literature empha-
sizing that the length of Gleason > 4 cancer on bi-
opsy,'>1% or absolute volume of Gleason > 4 on
prostatectomy'” outperform the ISUP GG grading
system itself, for accurate treatment choice and
outcome prediction. Ultimately, the pathological
examination of biopsies is a restricted to using a
tiered grading system to categorize tumor biology
that exists in a continuum and is subject to the
vagaries of human interpretation. Whole-slide im-
aging does present the opportunity for on-going ef-
forts to employ artificial intelligence approaches to
better predict tumor behavior.

CONCLUSIONS

Our study adds to the accumulating data demon-
strating the feasibility of telepathology as an aid for
pathologists for diagnosis and grading of prostate
biopsies and a useful tool for consultations, second
opinions, mentoring, and central review of clinical
trials. It also demonstrates that Gleason grading
does not have high reliability, either among pa-
thologists or when the same pathologist re-reads the
slide, particularly when separating GG1 (Gleason 3
+ 3) from GG2 (3 + 4) with small amounts (<10%)
of grade pattern 4 and when the poorly formed
pattern is present. Care should be taken to ensure
that physicians and patients are aware that a GG2
tumor with minimal amounts of grade pattern 4
may have a biologic potential more akin to a GG1
tumor because of this variability of interpretation.
This limitation of the Gleason grading system
should inform treatment decision-making.
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