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Abstract
The diagnosis of prostate cancer rests on the histopathological evaluation of prostate needle core biopsy specimens 
(NCBS) supplemented by immunohistochemistry as required. Because of the well-known interobserver variability in 
diagnosis and grading of prostate cancer, we have studied the capability of a commercially available artificial intelligence 
(AI) solution to aid in the diagnosis of PCa in a non-expert setting. For this, 2828 H&E stained NCBS slides from 249 
cases were digitised to produce whole slide images (WSI) and subjected to second-read analysis using the Ibex prostate 
AI solution. Ground truth was established by a combination of primary pathologists’ diagnoses supplemented by immuno-
histochemistry and external expert revision. For cancer detection, the AI solution achieved a false negative rate of 0.2%, 
significantly lower than that of the reporting pathologists (1.5%). False positive rates were similar for reporting patholo-
gists (2.3%) and prostate AI solution (3.1%). A Gleason pattern 4 alert was raised by the AI solution in 2 of 29 cases 
(7%) of cases originally diagnosed as Gleason score 3 + 3, both of which were upheld after expert review. Because of the 
therapeutic consequences, the triggering of a “higher than 3 + 3 Gleason score” alert represents a useful safety feature. In 
conclusion, our findings support the growing evidence that by enhancing diagnostic accuracy AI-based diagnostic solu-
tions can play a pivotal role in alleviating the increasing workload faced by pathologists due to the rising global incidence 
of prostate cancer.
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least 12 random samples are taken which may be supple-
mented by targeted NCBS from lesions identified by multi 
parametric MRI, leading to a significant workload for 
pathologists [1, 3].

Further treatment decisions rest on the correct identifica-
tion of prostate carcinoma, determination of tumour extent 
in the NCBS and accurate grading [4–6]. Because of the 
well-known interobserver variability in diagnosis and grad-
ing of prostate cancer, standard revision by a second pathol-
ogist would be desirable to minimise errors with impact 
on therapy decisions [7, 8]. It is common practice in many 
pathology departments that a new diagnosis of PCa is con-
firmed by a second pathologist while negative results are 
not usually subject to review. However, this is not subject to 
standardised recommendations. In everyday practice, high 
workload in combination with the widespread lack of histo-
pathologists will likely result in confirmation of malignancy 
by a second pathologist based on review of a representative 
slide only in most cases [9]. Large scale second review by 
external expert pathologists is not common procedure and is 
unlikely to be feasible given the above considerations.

Introduction

Prostate cancer (PCa) is the most common cancer in males 
worldwide and the number of newly diagnosed cases is pro-
jected to double between 2020 and 2040 [1, 2]. The diag-
nosis of PCa rests on the histopathological assessment of 
prostate needle core biopsy specimens (NCBS). Usually at 
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The advent of digital pathology aided by high throughput 
scanners has facilitated the introduction of artificial intelli-
gence (AI) solutions to support histopathological diagnosis 
[10–15]. Several studies have reported AI-based systems 
for the diagnosis and grading of prostate cancer and suggest 
that such algorithms can accurately detect and grade pros-
tate cancer in NCBS [15–18]. A direct review of multiple AI 
algorithms by expert uropathologists from the United States 
and Europe, has shown a high agreement between AI solu-
tions and expert pathologists [19].

The aim of this study was to analyse the capability of a 
commercially available AI solution to aid in the diagnosis 
of PCa in a non-expert setting. Specifically, we wanted to 
address the questions if an AI-based solution could increase 
the accuracy of PCa diagnosis, reduce the number of false 
negative results, and improve the grading of PCa.

Materials and methods

Study cohort

For this retrospective study, NCBS from 249 patients 
comprising a total of 2828 NCBS were retrieved from the 
archives of the Institute of Pathology, Sana Klinikum Lich-
tenberg, Berlin. For each NCBS, one H&E slide containing 
5 sections, was generated during routine diagnostic work-
up. All cases were collected in a three-year period from 
2018 to 2021 representing the entire prostate NCBS work-
load during this time period. The specimens were obtained 
from exclusively male patients with an age range from 50 to 
93 (average of 71) years. Among these, 167 cases (67.1%) 
were originally diagnosed as PCa, while 82 cases (32.9%) 
were reported as benign. For 58 cases, immunohistochem-
istry was utilised as described below to obtain the primary 
diagnosis. Of the 2828 NCBS slides, 1878 slides (66.4%) 
were diagnosed as benign and 950 slides (33.6%) as PCa.

Study design

All slides were scanned using a Philips Ultra Fast Scan-
ner (UFS, Philips, Hamburg, Germany) at 40x magnifica-
tion (resolution of 0.25 μm/pixel) and up-loaded onto the 
Ibex Prostate AI platform (Ibex Medical Analytics) via the 
Philips Image Management System. Once up-loaded, the 
original diagnoses were provided on a case-by-case basis as 
benign vs. malignant. For all cases with a PCa diagnosis, the 
summary Gleason score was also provided. The AI solution 
analysed H&E-stained WSIs only to produce AI results on 
slide level that were then compared to the provided diagno-
ses for benign vs. malignant and Gleason score, specifically 
Gleason 6 versus Gleason 7 and above.

This resulted in three scenarios: no alerts, technical alerts, 
or clinical alerts. No alert indicated that the Ibex Prostate 
AI solution agreed with the assessment of the reporting 
pathologist. Technical alerts related to out of focus images 
not suitable for AI analysis. This alert was raised when 
more than 20% of any slide was out of focus and resulted 
in exclusion of this NCBS slides from the case analysis; the 
case as a whole remained in the analysis. There were two 
types of clinical alerts: 1). A “cancer detected” alert was 
given in all cases where the original diagnosis was benign, 
and the AI application identified areas with a high cancer 
likelihood (score above 95%); 2). A “Gleason Score above 3 
+ 3” alert was raised for all cases with an original diagnosis 
of prostate cancer, Gleason score 3 + 3 in which AI analysis 
indicated areas of higher Gleason patterns resulting in high 
likelihood for a higher Gleason score. The algorithmic score 
that triggered an alert (i.e., alert threshold) when compared 
to the initial diagnoses was set to correspond to a specificity 
of 95% for cancer on slide level from previous cohorts [11, 
14]. Thus alerts should be raised for the 5% most suspicious 
slides.

All clinical alerts were resolved by external genitouri-
nary expert review (JK) of the H&E slides and if necessary, 
by carrying out additional immunohistochemical stains. For 
this, double labelling immunohistochemistry was carried 
out using monoclonal antibodies 34βE12 (Agilent Tech-
nologies, Waldbronn Germany), specific for high molecular 
weight cytokeratins, and 13H4 (Zytomed Systems, Berlin, 
Germany), directed against alpha-methylacyl-CoA-race-
mase (AMACR) on the Ventana Benchmark Ultra platform 
(Roche, Mannheim, Germany).

In a second round of analysis, examination at a single 
NCBS slide level was carried out by separating the raw 
cancer probability data generated by the Ibex Prostate AI 
solution into three groups: “high cancer likelihood“ (AI 
cancer score ≥ 0.95), “low cancer likelihood” (AI cancer 
score ≤ 0.8), and “suspicious” (AI cancer score > 0.8 to 
< 0.95). Subsequently, the original diagnoses rendered on 
each NCBS were grouped as “benign” or “PCa” and com-
pared to the Ibex Prostate AI solution results.

Results

First, all cases were analysed for alerts raised by the prostate 
AI cancer algorithm. 47 NCBS slides (1.7%) pertaining to 
36 cases were excluded from the analysis because of an “out 
of focus” technical alert. These technical alerts accounted 
for at most 4 NCBS per case. No case was excluded from AI 
examination because of out of focus alerts.

“Cancer detected” alerts were raised in 13 of 82 cases that 
were originally designated as “benign” (16%), indicating 
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carcinoma may have been missed by the reporting patholo-
gists (Table 1; Fig. 1A, B). Examination of these cases by 
an expert prostate pathologist (JK) supplemented by immu-
nohistochemistry as required revealed cancer in five cases 
(6.1%) and one case with atypical small acinar proliferation 
(ASAP, 1.2%). In seven cases (8.5%), the original diagnosis 
as “benign” was maintained (Table 1). Atrophy and tissue 
contaminants were the most common causes of false posi-
tive cancer alerts. Of the 5 additional cancer cases identified 
by the Ibex Prostate AI solution and upheld following expert 
review, 4 displayed single small foci of Gleason score 3 + 3 
PCa in one NCBS each. In one case, a small cribriform 
growth was identified which displayed an intact basal cell 
layer in immunohistochemistry and thus was judged to 
probably represent intraductal carcinoma. Adjacent to this, 
a very small focus of Gleason pattern 4 invasive cancer was 
detected.

Additionally, the Ibex Prostate AI solution raised two 
“Gleason higher than 3 + 3” alerts among 29 PCa cases orig-
inally diagnosed with Gleason score 3 + 3 PCa (7%, Fig. 1C, 
D). After expert review both cases were revised to Gleason 
3 + 4, although in one case, the proportion of Gleason pat-
tern 4 barely reached 5%.

Next, we analysed the results at the single NCBS level. 
Pathologists’ diagnoses and Ibex Prostate AI solution results 
matched in 2601 out of 2781 (93.5%) NCBS, with 1712 
samples diagnosed as benign rendering a low cancer prob-
ability score (92%) and 889 samples diagnosed as cancer 
yielding high cancer probability scores (96%, Table 2). In 
180 (6%) NCBS, the results were mismatched, consisting of 
39 slides originally diagnosed as PCa and 141 slides origi-
nally reported as benign (Table 2). Of the 39 NCBS with 
an original diagnosis of PCa, the Ibex Prostate AI solution 

scores indicated a low cancer probability in 22 NCBS and an 
intermediate cancer probability score in 17 NCBS (Table 2). 
In one case, this would have changed the overall diagnosis 
on case basis from PCa to benign. Following expert review, 
the original diagnosis of PCa was retained in this case.

Conversely, of 141 NCBS samples originally reported 
as benign by the reporting pathologist, cancer probabil-
ity scores were high in 68 samples and intermediate in 73 
NCBS (Table 2). These mismatches between AI and pathol-
ogists’ diagnoses did not raise alerts as they pertained to 
cases that were already diagnosed with cancer in at least one 
other NCBS; thus, an overall diagnosis of PCa had already 
been entered as reporting pathologists’ diagnosis.

Next, the 180 NCBS with mismatches between reporting 
pathologists’ diagnosis and Ibex prostate AI solution assess-
ment were examined in more detail. For a summary see 
Table 3. Slides of four NCBS were not available for expert 
review (Table 3).

Of 22 mismatches with a reporting pathologists’ diag-
nosis of PCa and low cancer probability scores by Ibex 
prostate AI solution assessment, expert pathologist review 
confirmed the AI assessment for 14 NCBS (14/22, 64%; 
Table 3). Seven of these 22 NCBS were considered to con-
tain PCa or ASAP lesions.

In 68 NCBS, a discrepant reporting pathologists’ assess-
ment as benign and high cancer probability scores as 
recorded by the AI solution was observed. PCa was con-
firmed in 26 of these NCBS (38%, Table 3) following expert 
review.

Compared to the “ground truth” as established by expert 
review supplemented by immunohistochemistry, 40 of 
1.853 NCBS diagnosed as benign by pathologists were not 
confirmed, resulting in a false negative rate of 2.2%. Con-
sidering only definite diagnoses of cancer as established by 
expert review, the false negative rate of pathologists was 
1.5% (27/1.853). Of 928 NCBS considered malignant by 
the reporting pathologist, 28 were not confirmed by expert 
review, resulting in a false positive rate of 3%. Considering 
only cases judged to be benign or containing PIN lesions by 
expert review as discrepant, the false positive rate of report-
ing pathologists was 2.3% (21/928).

For the AI solution, only cases with a low cancer prob-
ability score were considered as benign. Of 1.734 NCBS 
with a low cancer probability score, one was not available 
for expert review. Of the remaining NCBS, expert review 
considered 7/1.733 NCBS to harbour either ASAP lesions 
or cancer, resulting in a false negative rate of 0.4%. Consid-
ering only definite cancer diagnoses, the false negative rate 
for the AI solution was 0.2% (3/1.733). In 957 NCBS, the 
AI solution rendered high cancer probability scores. Expert 
review did not confirm this for 42 NCBS resulting in a false 
positive rate of 4.3%. Considering only NCBS diagnosed 

Table 1  Summary of clinically relevant alerts on a case basis
Case No. of 

alerts
AI comment Resolution after expert 

review
1 2 Cancer detected Cancer
2 3 Cancer detected Benign / Tissue contaminants
3 1 Cancer detected ASAP
4 1 Cancer detected Tissue contaminants
5 2 Cancer detected Benign
6 1 Cancer detected Benign
7 1 Cancer detected Cancer
8 1 Cancer detected Atrophy
9 1 Cancer detected Atrophy
10 1 Cancer detected Cancer
11 1 Cancer detected Cancer
12 1 Cancer detected Cancer
13 1 Cancer detected Benign
14 1 Higher Gleason 

Score detected
Gleason 3 + 4 ISUP 2

15 1 Higher Gleason 
Score detected

Gleason 3 + 4 (GP4 barely 
5%)
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as benign or PIN as “false”, the false positive rate of the 
AI solution was 3.6% (34/957 NCBS). For 4 NCBS, high 
cancer probability scores were due to the presence of tissue 
contaminants on the slides. Excluding these 4 slides from 
the analysis, the false positive rate of the AI solution was 
3.1% (30/953 NCBS).

We also computed the AUC to measure the accuracy of 
the Prostate AI scores. Our findings demonstrated that the AI 
algorithm achieved high accuracy for cancer detection, with 
an AUC of 0.996 (95%CI: 0.994; 0.998) for distinguishing 
between benign cases and those with PCa. The sensitivity 
and specificity of the prostate AI solution were 96.3% (95% 
CI: 94.9%, 97.4%) and 98.9% (95% CI: 98.2%, 99.3%), 
respectively. Further, the PPV and NPV were 97.8% (95% 
CI: 96.8%, 98.7%) and 98.1% (95% CI: 97.5%, 98.7%), 
respectively. Finally, the accuracy for high Gleason score 
(Gleason 3 + 3 vs. Gleason 7 and above) was 0.948 (95% CI: 
0.922, 0.965), demonstrating high accuracy.

Discussion

Prostate carcinoma has accounted for approximately 1.4 
million newly diagnosed cases worldwide in 2020  [2]  . 
Particularly high rates have been recorded amongst others, 
in western Europe  [2]. Notably, it has been predicted that 
prostate carcinoma case numbers will more than double 
until 2040 to around 2.9 million new cases per year globally 
leading to an additional workload for already strained histo-
pathology services [2, 10]. This situation is confounded by 
the need for second opinions particularly in cancer diagnosis 
[8]. It is now common practice to subject newly diagnosed 
cancer cases to intradepartmental review, meaning that each 
case has to be seen by at least two pathologists. In addition, in 
prostate cancer, the well-known variations in assessment of 
Gleason grade between pathologists together with the impor-
tant implications of assigning cases to low grade (Gleason 
score 3 + 3 or 3 + 4) as opposed to high grade (Gleason 
score 4 + 3 and above) groups may trigger external expert 
review in many cases [7, 20]. It is generally anticipated that 
AI solutions will help to alleviate the histopathology work-
load thus at least partially offsetting the observed reduction 
in the numbers of practicing pathologists [9, 10, 13, 21].

We were therefore interested to test the impact of 
a commercially available prostate AI solution on the 

histopathological assessment of prostate NCBS in a non-
specialist setting. Several prostate cancer AI solutions have 
been reported, and it has generally been concluded that their 
diagnostic performance equals that of pathologists, both 
with regards to diagnosis of carcinoma as well as to differ-
entiating between low and high Gleason grades [14, 15, 18, 
19, 21, 22]. Specifically, in our study an AI prostate solution 
was applied in a second review setting, i.e., following pri-
mary evaluation of cases by pathologists. Ground truth was 
established by a combination of primary pathologists’ diag-
noses supplemented by immunohistochemistry and external 
expert revision.

At case level, 13 missed cancer alerts were raised in 82 
cases diagnosed as benign by the reporting pathologists 
(16%). Following expert review, the diagnosis was changed 
from benign to malignant in 5 cases (6.1%). Atrophy and 
tissue contaminants were the most likely causes of false 
positive cancer alerts generated by the AI solution. Thus, 
use of the second review prostate AI application contributed 
to the detection of a small number of PCa cases, missed by 
the reporting pathologists. In most cases, single small foci 
of Gleason pattern 3 PCa were identified, but in one case 
a clinically relevant focus of Gleason pattern 4 PCa with 
adjacent intraductal spread was identified.

In addition, the prostate AI solution identified 2 of 29 
case originally reported a Gleason 3 + 3 with Gleason pat-
tern 4 areas (7%). Both alerts were upheld following expert 
review, although the Gleason 4 pattern was only very small 
(5%) in one case.

The prostate AI solution as used in this study raised only 
two types of alerts at case level, “cancer detected” alerts 
and “Gleason higher than 3 + 3” alerts. This implies that, 
conversely, cases diagnosed as carcinoma by the reporting 
pathologist would not generate an alert, even if the cancer 
probability score of the prostate AI solution was low. For 
this reason, we next carried out an in-depth analysis of the 
data at the single NCBS level.

At the single slide level, 27 of 1.853 slides originally 
diagnosed as benign by the reporting pathologists were 
considered to harbour foci of prostatic adenocarcinoma 
following expert review resulting in a pathologists’ false 
negative rate of 1.5%. By contrast the prostate AI solution 
recorded low cancer probability values for 1.733 NCBS. 
Following expert review, 3 were judged to contain foci of 
adenocarcinoma. Thus, the AI false negative rate was 0.2%, 
significantly lower than that of the reporting pathologists. 
(p < 0.0001, Fishers exact test).

Furthermore, at the single slide level the reporting 
pathologists diagnosed 928 NCBS as malignant. Following 
expert review, the true discrepancies resulted in a patholo-
gists’ false positive rate of 2.3% (21/928). By comparison, 
the prostate AI solution recorded high cancer probability 

Fig. 1  A Heatmap indicates a region of high cancer probability (red/
orange) as identified by the prostate AI solution. B The correspond-
ing H&E stained images reveals a small focus of Gleason score 3 + 3 
prostatic adenocarcinoma missed by the reporting pathologist. C Heat-
map indicates an area with a high probability (red/orange) of a higher 
Gleason score than the originally reported 3 + 3 pattern. D The cor-
responding HE stained image shows an area with small fused glands 
corresponding to Gleason pattern 4
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scores for 957 NCBS, with a true false positive rate of 3.1%, 
which is not significantly different compared to the patholo-
gists’ (p = 0.2599, Fisher’s exact test).

Analysis of Gleason grade was possible only at the case 
level. Prostate AI solution identified Gleason pattern 4 areas 
in 2 of 29 cases originally reported a Gleason 3 + 3 (7%). 
Both alerts were upheld following expert review. In both 
cases, only a small proportion of Gleason pattern 4 cases 
were present (< 10%), which has no influence on differen-
tial therapeutic considerations [23]. In addition to the simple 
malignancy check (benign vs. malignant), this additional 
“Gleason higher than 3 + 3” alert represents a further, clini-
cally highly relevant safety feature. The risk of undergrad-
ing high grade carcinomas by the primary investigator is 
considered to be very low [8]. After an expert review of a 
series of 1483 prostate biopsies, including 351 cases with 
an initial Gleason core of 3 + 3, Taylor et al. reported no 
cases of upgrading to Gleason score > 4 + 3 [8]. However, 

around 18% of cases were upgraded to Gleason score 3 + 4. 
In the meantime, the therapeutic options for these patients 
have become increasingly differentiated [2]. Depending on 
other clinical parameters, the range extends from active sur-
veillance strategies to local, organ-preserving therapies and 
up to non-organ-preserving therapies. The triggering of the 
“Gleason higher than 3 + 3” alert induces a particularly crit-
ical second assessment of these specimens, which must then 
at the latest also be the reason for a statement regarding the 
presence of particularly therapy-relevant Gleason pattern 4 
types, such as cribriform, ductal or intraductal patterns. In 
the two cases in our own study with AI-induced upgrading, 
this did not lead to a higher clinical risk classification with 
regard to grading.

In summary, applied in a second read setting a commer-
cially available prostate AI solution has led to the identifica-
tion of a small number of prostate cancer cases not detected 
by the reporting pathologists and, in two cases, to an upgrad-
ing of the Gleason score from 3 + 3 to 3 + 4. The prostate 
AI solution used in this study demonstrated an AUC of 
0.996 for distinguishing between benign and cancer. Corre-
spondingly sensitivity, specificity, as well as PPV and NPV 
were also very high. The prostate AI solution demonstrated 
diagnostic performance that closely matched, and in some 
instances even surpassed, that of experienced histopatholo-
gists; notably, it achieved a false negative rate of just 0.2%, 
which was significantly lower than that of the reporting 
pathologists, highlighting its potential to enhance diagnos-
tic accuracy in prostate cancer detection. These observa-
tions are fully in line with previous studies analysing this 
as well as other prostate AI tools [11, 13–15, 17–19, 22, 
24]. Thus, using this AI solution, increases the diagnostic 
safety of pathologists. Furthermore, our results suggest that 
the AI solution may reduce the need for internal review of 
newly diagnosed prostate cancer cases, potentially stream-
lining pathology workflows and improving efficiency. It has 
to be pointed out, however, that this is a single centre study. 
If these results are transferable to other institutions remains 
to be examined.

As a result of this study, we have integrated the pros-
tate AI solution in our daily workflow as in a first read set-
ting, i.e., the reporting pathologists are initially aware of 
AI results prior to analysing the cases. We would, however, 
advocate having both settings available in departments 
involved in the training of junior pathologists. We would see 
a risk that using the first read setting may affect the profi-
ciency of junior pathologists. However, the impact of using 
the prostate AI solution in first or second read setting on the 
training of junior pathologists has yet to be examined.

In conclusion, our findings support the growing evidence 
that AI-based diagnostic solutions can play a pivotal role 
in alleviating the increasing workload faced by pathologists 

Table 2  Summary of pathologists’ diagnoses and Ibex prostate AI 
solution results on needle core biopsy sample level
Pathologists’ 
diagnosis

AI diagnosis
Low probability Intermediate 

probability
High 
probability

Benign 1712 73 68
Malignant 22 17 889

Table 3  Summary of discrepancies between pathologists’ diagnoses 
and Ibex prostate AI solution results on needle core biopsy sample 
level
Pathologists’ 
diagnosis

AI diagnosis Expert revision

Ca
(39 NCBS)

Intermedi-
ate cancer 
probability
(probability 
score > 0.8 to 
< 0.95)

17 Benign 5 (29%)
ASAP 3 (18%)
PIN 2 (12%)
Cancer 7 (41%)

Low cancer 
probability
(probability 
score ≤ 0.8)

22 Benign 14 (64%)
ASAP 4 (18%)
Cancer 3 (14%)
Not available for 
revision

1 (4%)

Benign 
(141 NCBS)

High cancer 
probability
(probability 
score ≥ 0.95)

68 Cancer 26 (38%)
ASAP 7 (10%)
PIN 1 (1.5%)
Atypical ductal lesion 1 (1.5%)
Benign 29 (43%)
Tissue contaminants 4 (6%)

Intermedi-
ate cancer 
probability
(probability 
score > 0.8 to 
< 0.95)

73 Cancer 1 (1%)
ASAP 5 (7%)
PIN 2 (3%)
Benign 62 (85%)
Not available for 
revision

3 (4%)
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due to the rising global incidence of prostate cancer. By 
enhancing diagnostic accuracy and efficiency, particularly 
when integrated into primary diagnostic workflows, such 
tools have the potential to sustainably support pathology 
services in meeting current and future healthcare demands.
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