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AI reality check when evaluating difficult to grade prostate cancers
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With the perpetual digitization of pathology glass slides, glob-
ally large archives of whole slide images have been amassed.
Such digital datasets have, in turn, accelerated the develop-
ment of machine and deep learning algorithms in anatomical
pathology. One area, in particular, that has been at the fore-
front of this advance in computational pathology is prostate
pathology. This is not surprising given the need to meet the
demand for constant growth in prostate core needle biopsies
(CNB) encountered in clinical practice. In this context, artifi-
cial intelligence (AI)–based tools have been designed to per-
form several diagnostic tasks typically undertaken by pathol-
ogists using their light microscopes. These include the detec-
tion of prostate adenocarcinoma, Gleason grading, quantifica-
tion of tumor volume, and identification of perineural invasion
[1, 2]. The benefits of deploying these AI algorithms in routine
pathology practice include potential improvement in diagnos-
tic accuracy as well as automation to reduce pathologist work-
load and likely shorter sign-out turnaround time. Another
boon of utilizing computer-aided systems in practice is stan-
dardization and possibly reducing inter-observer variability of
Gleason grading [3], a welcome benefit given the current
inter-pathologist variability reported with grading prostate ad-
enocarcinoma [4, 5].

In a recent publication in Virchows Archiv, Egevad and
colleagues eloquently shared their findings after challenging
an AI-assisted grading system with prostate CNB enriched
with cases that had problematic grading of adenocarcinoma
[6]. Their cases were selected from the reference Pathology
Imagebase (https://isupweb.org/pib/) hosted by the
International Society of Urological Pathology (ISUP). This
online image repository, where photomicrographs from
cancer cases are independently vetted and graded by 23

international experts, is used for education and to promote
the international standardization of grading. From this
reference dataset, the authors selected glass slides of 87
CNB containing problematic or challenging to grade
prostatic adenocarcinoma cases. Not surprisingly, in such
challenging to grade cases, the genitourinary pathology
experts failed to reach a two-thirds consensus in 36 (41.4%)
of their chosen cases. While the weighted kappa was 0.77
(range 0.68–0.84) for consensus cases, it was only 0.50 (range
0.40–0.57) for these non-consensus selected cases.

The glass slides from the aforementioned problematic CNB
cases were then digitized using an Aperio ScanScope AT2 scan-
ner and subsequently graded using an AI algorithm trained in
Gleason grading. Details regarding the development of this AI
system were previously published [7]. The deep learning
convolutional neural networks of this ensembled AI systemwere
originally trained largely on digitized slides fromCNB randomly
selected from a Swedish (STHLM3) diagnostic study. None of
the 87 problematic cases from the study reported by Egevad et al.
was included in the original dataset used for training or validation
of the AI algorithm. Previously, the developers of the AI system
reported that their algorithm assigned grades that yielded a mean
pairwise kappa of 0.62, which was within the range of matching
values for the expert panel of pathologists (0.60–0.73) [7].
However, when Egevad et al. applied this AI algorithm to the
non-consensus cases selected for their newer series, the AI algo-
rithm only attained a weighted kappa value of 0.53. Compared to
humans who were inconsistent at grading these difficult cases,
the reproducibility of the AI system was slightly better in this
non-consensus group.

While the AI system employed in this study for grading
prostate cancer previously demonstrated high performance, it
is disappointing that when challenged to grade problematic
cancers the results were mediocre. Egevad et al. argue that
AI is thus probably no better than an expert uropathologist
in such cases. They also correctly state that AI is likely to be
as good as the training set based upon which it has been
developed. Furthermore, it appears that other investigators
employing similar deep learning algorithms to grade prostate
adenocarcinoma have experienced equal difficulty achieving
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optimal performance. For example, Arvaniti et al. reported a
kappa of 0.55 for Gleason grading [8], Nir et al. reported an
accuracy of 79% (with sensitivity = 75.9% and specificity =
77.9%) [9], and Nagpal et al. reported an area under the curve
(AUC) of 0.7 for grading prostate adenocarcinoma [10].
While some studies demonstrate high accuracy (90%) in dif-
ferentiating Gleason pattern 4 and 5 from Gleason pattern 3,
the datasets are frequently small [11]. If AI algorithms are
going to be adopted in actual clinical practice in pathology
laboratories around the world, they will need to perform bet-
ter, be better trained on larger datasets with higher complexity
and contain more unusual variants of cancer, demonstrate
suitable generalizability, and require calibration or fine-
tuning to each setting. It is well known that prostate cancer
grading employs rules based upon inherently subjective mor-
phologic observations. Moreover, training algorithms to grade
prostate cancer based on rules which are evolvingmakes this a
uniquely challenging process. Hence, clinical grade computa-
tional pathology tools will need to constantly update their
learning techniques in order to decrease inter-observer vari-
ability and improve their value for general pathologists.

A true test of an AI system is whether it ultimately im-
proves patient care in terms of diagnosis, management, and
disease-specific outcome. In this context, Egevad et al. right-
fully emphasize that AI algorithms in pathology will be instru-
mental in offering objective improvement of prostate cancer
management if they are trained not just to simulate tasks di-
agnostic pathologists perform today with light microscopy,
but also incorporate genetic and clinical outcome variables
in their algorithmswhich could improve predictions and better
guide patient treatment plans. Finally, it is our hope that, by
deploying AI in clinical practice, this will eventually also el-
evate pathologists’ expertise in handling complex cases, in-
cluding difficult to grade prostate cancer cases.
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