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Summary
Objective. To evaluate intra-observer diagnostic reproducibility using traditional slides 
(TS) versus whole slide images (WSI). 
Methods. TS and WSI of 1427 prostatic biopsies (107 consecutive patients) were evalu-
ated by a single pathologist. Agreement between readings was evaluated with Gwet’s 
Agreement coefficient (AC) and Landis and Koch benchmark scale. 
Results. The positive/negative agreement between the readings was almost perfect 
(AC1= 0.962; 95% CI[0.949,0.974]), with method independent distribution of discrepan-
cies. Among positive biopsies, 212 had identical Gleason score (GS) on TS and WSI and 
discordant GS in 69 cases (AC2 = 0.932; 95% CI[0.907, 0.956]). Concordant negative and 
positive patient classification was observed in 39 and 64 cases, respectively; two cases 
were assigned to the positive group on TS and 2 on WSI configuring an almost perfect 
agreement (AC1=0.929; 95% C1[0.860, 0.998]). ISUP Grade group (ISUP GG) agreement 
was evaluated in the 60 concordantly positive cases: in 45 cases it was identical on TS 
and WSI; in 10 biopsies the discrepancy implied a modification of the assigned ISUP GG 
of ≤ 1 class and in 5 the discrepancy implied a modification of 2 classes. Gwet’s agreement 
coefficient was (95% CI [0.834, 0.962]), i. e.: almost perfect agreement.
Conclusions. Our data show almost perfect agreement between digital and traditional 
diagnostic activity in a routine setting, confirming that digital pathology can be safely intro-
duced into routine workflows.
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Introduction

Digital pathology (DP), based on the substitution of traditional glass slides 
(TS) with their digital counterpart, whole slide images (WSI), is prone to 
modify most of our routine workflow. Borne almost 20 years ago, DP was 
initially considered an exotic tool, but it rapidly suggested a new world 
of possibilities  1. In the last few years DP has acquired the technologi-
cal maturity to allow its extensive introduction in routine practice, even 
if few laboratories have adopted a fully digital diagnostic workflow 2. DP 
has many advantages over traditional pathology (TP). DP can increase 
safety of patients and quality of diagnostic activity, including:  direct link 
between images and personal data sheets, possibility to easily achieve 
distant consults by well recognized experts, compare images of the same 
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slides stained with different immunostains, compare 
previous slides of the same patient, upload WSI in the 
patient’s electronic fascicle. Moreover the most promis-
ing advantage will be the introduction of artificial intelli-
gence (AI) algorithms which will enhance our diagnos-
tic ability. AI will probably become an extremely useful 
tool to support pathologists in reducing false positives 
and especially false negative diagnosis and will help 
to reduce (or probably eliminate) inter/intra- observer 
disagreements when qualitative parameters are to be 
taken into account. 
Despite the enthusiasm for DP, there are still limited 
data comparing the diagnostic ability of pathologists 
working with TS and WSI. For pathologists, reading 
WSI implies the modification of a long-standing prac-
tice and a different cognitive approach with the adap-
tation to a new working environment. 
As a preliminary step towards the implementation of 
DP and AI in our routine practice, we decided to evalu-
ate intra-observer reproducibility of routine diagnostic 
activity based on WSI and TS of a series of prostat-
ic biopsies. The aim of the present study is to verify 
whether the use of WSI can modify the diagnostic per-
formance of pathologists working in a routine setting, 
using prostate biopsies as a testing model. Prostate 
biopsies were selected as a testing model because 
the diagnostic reproducibility may be focused on dif-
ferent levels of reporting, ranging from the distinction 
of positive versus negative cases to more subjec-
tive evaluations such as perineural invasion and the 
Gleason score, which are known to be subject to se-
vere interobserver variation 3. 

Materials and methods

We selected a consecutive series of 107 patients who 
underwent prostate biopsy between January 2021 
and March 2021 in the Hospitals of the Azienda Pro-
vinciale per i Servizi Sanitari, of Trento (Italy). Each 
patient underwent at least 8 core biopsies which 
were individually processed and paraffin embedded 
corresponding to a total of 1431 slides, each con-
taining 2 consecutive sections of the same core. The 
sections had been stained with conventional hema-
toxylin and eosin (H&E) stains using an automated 
stainer (Leica ST5010 Autostainer XL, https://www.
leicabiosystems.com). All initial H&E sections were 
digitized using a high throughput device (P1000, 
3DHitstech, Epredia, Italy). Each original TS (not ad-
ditional levels nor immunostains) and corresponding 
WSI were evaluated by a single pathologist with a 

4-week wash-out period between the two readings. 
The WSI reading was done on a usual office 32-inch 
monitor using the “Slide viewer 2.6” platform (3DHis-
tech). Diagnosis was made according to the 2022 
WHO classification 4,5. For each reading done on TS 
and on WSI, we collected the following parameters: 
normal tissue/atypical small acinar proliferation/can-
cer, length of the cancer foci, percentage of cancer 
relative to the lengths of the tissue cores, major and 
minor Gleason Scores (GS) and their relative per-
centage, and perineural invasion. In cases with 3+4 
or 4+3 GS and neoplastic foci larger than 1 mm in 
maximum diameter, we recorded the percentage of 
pattern 4 in 10% incremental groups. In biopsies with 
pattern 4 we recorded the presence of cribriform pat-
tern. This data collection gave origin to 2 different da-
tasets, containing up to 9989 single items. The ISUP 
grade group (ISUP GG) was recorded for each pa-
tient with at least 1 neoplastic biopsy. For statistical 
evaluation of diagnostic agreement, atypical small 
acinar proliferation (ASAP) was grouped with posi-
tive cases. 

StatiStical analySiS

The characteristics of the diagnostic datasets are pre-
sented as mean and standard deviation for continu-
ous variables, median and range for ordinal variables, 
absolute frequencies and percentages for nominal 
variables. The agreement between the pairs of the 
diagnostic sets was calculated with the Gwet’s Agree-
ment coefficient (AC) for the nominal variables and the 
Gwet’s weighted AC for the ordinal variables. ACs were 
calculated with 95% confidence interval. The degree of 
agreement of the ACs was compared with the Landis 
and Koch benchmark scale. McNemar and chi-squared 
test was used to compare categorical variables. Statis-
tical significance was defined with alpha equal to 0.05. 
All analyses were performed with SAS 9.4. Agree-
ment graphs were elaborated with SAS 9.4 and other 
graphs with MS Excel.

Results

tS readingS

Out of 1431 TS, 294 (21%) were diagnosed as pros-
tate adenocarcinoma, 32 as ASAP (2%) and 1105 
(77%) as negative. In 2 of the 294 positive slides GS 
couldn’t be assigned. Out of 159 biopsies with 3+4 and 
4+3 GS the percentage of pattern 4 was recorded in 
139; in 20 biopsies the percentage could not be eval-
uated due to artifacts or limited amount of neoplas-

https://www.leicabiosystems.com
https://www.leicabiosystems.com


CONCORDANCE BETWEEN TRADITIONAL AND DIGITAL DIAGNOSES 223

tic tissue. A cribriform pattern was found in 92 (43%) 
out of the 214 biopsies containing pattern 4. Median 
tumor length was 4.6 mm +/- 4.2 SD. Percentage of 
cancer relative to biopsy length was 38.3% +/- 33.1 
SD. Perineural invasion was found in 49 (17%) of 294 
positive biopsies. 
The 294 positive biopsies corresponded to 66 patients 
(62% of the series of 107 patients). 

WSi readingS 

Out of 1431 biopsies, 4 could not be properly 
scanned, leaving 1427 WSI available; 290 (20%) 
were diagnosed as prostate adenocarcinoma, 41 
as ASAP (3%) and 1096 (77%) as negative. Out of 
155 biopsies with 3+4 and 4+3 GS the percentage 
of pattern 4 was recorded in 134; in 21 biopsies the 
percentage could not be evaluated due to a limit-
ed amount of neoplastic tissue. A cribriform pattern 
was found in 99 (46%) out of the 213 biopsies con-
taining pattern 4. Median tumor length was 4.6 mm 
+/- 4.3 SD. Percentage of cancer relative to biopsy 
length was 38.4% +/- 32.7 SD. Perineural invasion 
was found in 40 (14%) of 290 positive biopsies. 
The 290 positive biopsies were from 66 patients (62% 
of the series of 107 patients). 

agreement of tS vS WSi readingS at the biopSy level

The agreement between the two readings was eval-
uated on 1427 of 1431 slides as 4 WSI was lacking 
(Tab. I, Fig. 1). 1082 cases were diagnosed as nega-
tive and 310 as positive in the two readings. 14 cases 
were positive only on TS readings and 21 were posi-
tive only on WSI readings. Gwet’s agreement coef-
ficient was 0.962 (0.949-0.974 95% CI), which corre-
sponds to almost perfect agreement according to the 
Landis and Koch benchmark scale. Discordant cases 
were evaluated with the McNemar test, which was 
statistically significant (χ2(1) = 1.4, p = 0.237), point-
ing to method independent distribution. The critical 
revision of these discrepant cases showed that in 
real practice these biopsies would have been sub-
mitted to additional ancillary techniques or further 
sections, which was excluded by the design of the 
present study.
GS was evaluable in 281 paired biopsies: in 212 cas-
es the GS was identical on TS and WSI. Discordant 
GS evaluations were recorded in 69 cases: in 53 bi-
opsies the discrepancy implied a modification of the 
assigned ISUP GG of ≤ 1 and in 17 the discrepan-
cy implied a modification of the assigned ISUP GG 
of  >  1. Gwet’s weighted agreement coefficient was 
0.932 (0.907-0.956 95% CI), which corresponds to al-

most perfect agreement according to the Landis and 
Koch benchmark scale (Tab. II, Fig. 2).
Perineural invasion detection was investigated in 282 
cases: 226 were negative and 32 were positive both 
on TS and WSI, while 24 biopsies showed discrepant 
results, with 17 cases positive on TS and 7 only in 
WSI. Gwet’s agreement coefficient was 0.885 (0.837-
0.932 95% CI), which corresponds to almost perfect 
agreement according to the Landis and Koch bench-
mark scale. Discordant cases were evaluated with 
the McNemar test, which was statistically significant 
(χ2(1) = 4.17, p = 0.041), pointing to a method-related 
distribution. (Tab. III, Fig. 3).
Analysis of the percentage of adenocarcinoma tissue 
in comparison with biopsy length identified with the 
two methods showed no difference between the two 
methods (Wilkoxon rango test -12.5, p = 0.975).

agreement of tS vS WSi readingS at the patient level

Diagnostic agreement was evaluated considering the 
107 patients included in the study. Concordant nega-
tive and positive patient classification was observed 

Table I. Positive vs negative agreement on 1427 slides be-
tween TS and WSI readings (4 missing cases).

 
WSI 

Positive
WSI 

Negative
Total

TS Positive 310 14 324
TS Negative 21 1082 1103
Total 331 1096 1427

Figure 1. Diagnostic agreement for all 1427 slides. In or-
dinate are WSI paired with TS on abscissa, subdivided as 
positive or negative; dark blue squares represent perfectly 
concordant diagnoses.
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in 39 and 64 cases, respectively (Tab. IV). Two cases 
were assigned to the positive group only using TS and 
2 using only WSI. Gwet’s agreement coefficient was 
0.929 (0.860-0.998 95% CI), which corresponds to al-
most perfect agreement according to the Landis and 
Koch benchmark scale. Discordant cases were evalu-
ated with the McNemar test, which was not statisti-
cally significant (χ2(1) = 0, p = 0.1), pointing to method 
independent distribution (Fig. 4).

ISUP GG agreement was evaluated in 60 cases: in 45 
cases the GS was identical on TS and WSI (Tab. V); in 
10 cases the discrepancy implied a modification of the 
assigned ISUP GG of ≤ 1 class and in 5 the discrep-
ancy implied a modification of the assigned ISUP GG 
of 2 classes. Gwet’s weighted agreement coefficient 
was 0.898 (0.834-0.962 95% CI), which corresponds 
to almost perfect agreement according to the Landis 
and Koch benchmark scale (Fig. 5).

Table II. Gleason score agreement on 281 positive slides between TS and WSI readings.
    WSI GS WSI GS WSI GS WSI GS WSI GS WSI GS WSI GS    

TS GS   1.3+3 2.3+4 3.4+3 4.4+4 5.3+5 7.4+5 8.5+4 Total Percent
TS GS 1.3+3 58 13 0 0 0 0 0 71 [25,3%]
TS GS 2.3+4 12 78 3 0 3 0 0 96 [34,2%]
TS GS 3.4+3 0 10 39 1 1 9 0 60 [21,4%]
TS GS 4.4+4 1 0 5 23 0 3 0 32 [11,4%]
TS GS 5.3+5 0 2 0 0 0 0 0 2 [0,7%]
TS GS 7.4+5 0 0 2 0 0 13 0 15 [5,3%]
TS GS 8.5+4 0 0 0 0 0 4 1 5 [1,8%]
  Total 71 103 49 24 4 29 1 281 [100%]
  Percent [25,3%] [36,7%] [17,4%] [8,5%] [1,4%] [10,3%] [0,4%] [100%]  

Figure 2. Gleason score diagnostic agreement for 281 
slides. In ordinate are WSI data paired with TS on abscissa, 
subdivided on the basis of increasing Gleason score; dark 
blue squares represent perfectly concordant diagnoses.

Figure 3. Perineural invasion diagnostic agreement for 282 
slides. In ordinate are WSI data paired with TS on abscissa, 
subdivided as positive or negative; dark blue squares repre-
sent perfectly concordant diagnoses.

Table III. Perineural invasion agreement on 282 positive 
slides between TS and WSI reading.

 
WSI 

Positive
WSI Negative Total

TS Positive 32 17 49
TS Negative 7 226 233
Total 39 243 282

Table IV. Positive versus negative patient agreement be-
tween TS and WSI reading.

 
WSI 

Positive
WSI 

Negative
Total

TS Positive 64 2 66
TS Negative 2 39 41
Total 66 41 107

Gwet’s agreement coefficient: 0.929 (0.860-0.998 95% CI)
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Discussion

Our study strongly supports the reliability of digital 
diagnostic workflow. The almost perfect agreement 
between digital and traditional diagnostic activity in a 
routine setting confirms previous data on more limited 
series of prostatic biopsies 6 that DP can be safely in-
troduced in the routine workflow in our surgical pathol-
ogy laboratories. 
The study, performed in keeping with international 
guidelines for WSI workflow validation 7, confirms that 
WSI evaluation in routine workflow provides the same 
level of morphological information as TS. We showed 
extremely high agreement in distinguishing negative 
from positive biopsies and in Gleason score evalu-
ation, which is more subtle and known to be prone 
to inter- and even of intra-observer variability 8-10. Our 
agreement for Gleason score was higher than previ-
ously reported, probably reflecting an increase in qual-
ity of the images 11.

With the exception of perineural invasion detection, 
the few discordant cases in our study were not related 
to the analytical method (TS vs WSI) but represent the 
normal intrinsic difficulties in histopathological evalu-
ation. The critical revision of these discrepant cases 
showed that in real practice these cases would have 
been analyzed with additional ancillary techniques or 
further sections, whose use was excluded by the de-
sign of the present study. Gleason score discrepan-
cies were very limited and reasonably related to the 
known intrinsic difficulty in the identification and quan-
tification of Gleason patterns. Only detection of peri-
neural invasion, although statistically almost perfectly 
correlated in the two methods, showed some discrep-
ancies which were method-related, with slightly more 
cases detected using TS, suggesting that this could 
be a critical aspect which needs particular attention 
when reading WSI. At any rate, it is well known that 
diagnostic discrepancies in perineural invasion eval-
uation are quite frequently described, with reported 

Figure 4. Diagnostic agreement for all 107 patients. In or-
dinate are WSI paired with TS on abscissa, subdivided as 
positive or negative; dark blue squares represent perfectly 
concordant diagnoses.

Figure 5. ISUP Grade group diagnostic agreement for all 
107 patients. In ordinate are WSI paired with TS on abscis-
sa, subdivided on the basis of increasing ISUP Grade group; 
dark blue squares represent perfectly concordant diagnoses.

Table V. ISUP GG agreement between TS and WSI reading.
    WSI ISUP GG WSI ISUP GG WSI ISUP GG WSI ISUP GG WSI ISUP GG    
    1 2 3 4 5 Total Percent
TS ISUP GG 1 7 3 0 0 0 10 [16.7%]
TS ISUP GG 2 3 19 1 2 0 25 [41.7%]
TS ISUP GG 3 0 2 9 0 3 14 [23.3%]
TS ISUP GG 4 0 0 0 5 1 6 [10%]
TS ISUP GG 5 0 0 0 0 5 5 [8.3%]
  Total 10 24 10 7 9 60 [100%]
  Percent [16.7%] [40%] [16.7%] [11.7%] [15%] [100%]  
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kappa values for interobserver variability in the 0.67-
0.75 range 12.
The pathologist who did the diagnostic evaluation (ET) 
in the present study had not been previously involved 
in a complete DP workflow and the present activity 
was her first real life experience in reading a large se-
ries of WSI. This underscores the fact that the transi-
tion from a traditional to a digital workflow does not 
need any specific lengthy training and may be rapidly 
implemented in our services. Indeed, several experi-
ences around the world have shown that once patholo-
gists accept the DP workflow, the transition to the new 
environment is quite easy and rapid  13, and that DP 
in-house validation can rely on limited sets of cases 14.

Conclusions

In conclusion, our study confirms that a completely dig-
ital pathology workflow can be considered completely 
equivalent to the traditional one, further supporting the 
ease of such transition. In our opinion, digital patholo-
gy will be the future of our discipline and will provide 
many advantages in terms of workflow and diagnostic 
quality, especially with the introduction of artificial intel-
ligence (AI) supported diagnostic algorithms 15, which 
has the promise to improve turnaround time, help to 
cope with an increasing workload in face of decreas-
ing number of pathologists, and increase diagnostic 
reliability and reproducibility, especially in those fields 
where interobsever diagnostic variability is high.
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