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Background: No study has compared the performance of light microscopy (LM) and whole slide imaging
(WSI) for endoscopic ultrasound (EUS) histological acquired tissue samples from pancreatic solid lesions
(PSLs). We evaluated the concordance between LM and WSI and the inter- and intra-observer agreements
among pathologists on PSLs EUS acquired samples.

Methods: LM and WSI from 60 patients with PSLs were evaluated by five expert pathologists to define:
diagnostic classification, presence of a core, number and percentage of lesional cells. Washout period
between evaluations was 3 months. Time of the procedures was also assessed.

Results: Forty-eight cell-block and 12 biopsy samples were evaluated. A high concordance between LM
and WSI was found. Inter- and intra-observer agreements for diagnostic classification were substantial
and complete, respectively. For all the other parameters, the inter-observer agreement was usually higher
for LM. For the intra-observer, a substantial agreement was reached regarding the presence of tissue core
and the number and the percentage of malignant cells. Median time for performing LM was significantly
shorter than for WSI (p <0.0001).

Conclusions: LM and WSI of cell-block and biopsy samples acquired by EUS in PSLs were highly concor-
dant, with a substantial inter-observer and a complete intra-observer agreements regarding diagnostic

classification.
© 2019 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.
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1. Introduction ogy” and the static image (store-and-forward) “telepathology”

[1]. Subsequently, various technologies were developed, until the

Pathological diagnosis of many diseases has been traditionally
obtained by using light microscopy (LM). In 1986, digital pathol-
ogy was introduced under the concept of “telepathology” that
included two forms, the dynamic (real-time) robotic “telepathol-

* Corresponding author at: Pathology Unit, Azienda USL Citta di Bologna, Ospedale
Maggiore, Largo Nigrisoli, 2, 40133, Bologna, Italy.
E-mail address: adele.fornelli@ausl.bologna.it (A. Fornelli).

https://doi.org/10.1016/j.d1d.2019.04.019

introduction of whole slide imaging (WSI) that represents the latest
innovation utilized in digital pathology [2,3].

With WSI, also commonly referred as to “virtual microscopy”,
conventional glass slides are scanned in order to produce digital
slides. At present, the main utilization of WSI is teleconsultation
(i.e. diagnostic evaluation from remote computers), but its value in
educational and research pathology is exponentially growing [4-6].
WSI can also become useful for the process of standardization of
biomarkers in tissues, as highly recommended by the US Food and
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Drug Administration (FDA) and the American Society of Clinical
Oncology, and the College of Pathologists [7,8].

A number of studies have reported a very good correlation
between standard glass slides and WSI for both routine and
consultative surgical pathology cases in breast [9,10], gastroen-
terology [11-13], prostate [14,15], pulmonary [16], skin [17], and
mixed-specimen biopsies [18,19]. A large multicenter randomized
non-inferiority study on 1992 cases concluded that WSI is not infe-
rior to LM for primary diagnosis concerning biopsies and resection
stained H&E, immunohistochemistry and special stains [20]. In
addition, utilization of WSI can significantly save money, reduce
turnaround time and facilitate the exchange of information [21].
This growing support of digital pathology culminated in the April
2017 announcement by the FDA approving the use of WSI for pri-
mary diagnosis in surgical pathology [22,23].

Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA)
has become an irreplaceable tool in the diagnostic and staging
algorithm of lesions of the gastrointestinal tract or adjacent struc-
tures [24]. Diagnostic accuracy, however, strongly depends on
rapid on-site evaluation (ROSE), which determines a significant
10%-15% gain [25]. Nevertheless, ROSE is not available in many
centers because of costs, physicians’ availability and expertise [26].
Attempts to use telepathology instead of ROSE have been suc-
cessfully documented [27,28], but this technology has not gained
widespread use. In addition, the development of new needles for
EUS-guided fine needle biopsy (EUS-FNB) able to reach an accuracy
equal or similar to that of EUS-FNA with ROSE [29], is determining
a moving from cytology to histology in this field [30].

Up to now, no study has evaluated the concordance between
LM and WSI and the intra- and inter-observer agreements between
pathologists on histological samples from pancreatic solid lesions
acquired under EUS guidance.

2. Material and methods

Archival glass slides from 60 patients (M/F, 28/32) with pancre-
atic solid lesions were retrieved from the files of the Department
of Pathology of the Maggiore Hospital in Bologna, Italy.

A representative number of cases per each diagnostic category,
according to the Papanicolau Society of Cytopathology System for
Reporting Pancreatobiliary Cytology [31], was selected. All sam-
ples, which were obtained under EUS-guidance using needles for
FNA or FNB, were placed in formalin for cell-block preparation or
for direct examination as a conventional endoscopic biopsy when
macroscopically whitish tissue fragments could be visualized in the
collecting vial. All samples were embedded in paraffin and subse-
quently stained with Hematoxylin and Eosin.

The samples were anonymized and identified by serial numbers.
Clinical and anagraphic data were made usable to all pathologists
involved in the study and a self-constructed online questionnaire
was submitted to them to report their evaluations.

All H&E samples and scanned images were independently
reviewed by five expert pathologists from three different centers
(Department of Pathology, Maggiore Hospital, Bologna; Depart-
ment of Pathology, Bellaria Hospital, Bologna; Department of
Pathology, IRCCS Santa Maria Nuova, Reggio Emilia) using both
LM and WSI. The evaluation of digital slides was performed after a
washout period of three months from the LM reading.

The study was submitted to each hospital Research Ethics Board.
The Boards determined that this was a quality assurance review
that did not constitute human subject research, and, therefore, the
requirement for approval from the board was waived. All samples
will be treated in anonymous way and according to Declaration of
Helsinki.

2.1. Histopathological criteria

The following criteria were evaluated:

1 Diagnostic classification, according to the Papanicolau Society of
Cytopathology System for Reporting Pancreatobiliary Cytology:
(I) Non-diagnostic; (II) Negative (for malignancy); (III) Atypical;
(IV) Neoplastic (benign, other); (V) Suspicious for malignancy;
(VI) Positive or Malignant.

2 Presence of a tissue core, defined as an architecturally intact piece
of tissue measuring at least 550 wm in greatest axis correspond-
ing approximately to the diameter of a high-power microscopic
field [32].

3 Number of lesional cells: >500, <500, not evaluable.

4 Percentage of lesional cells: (i) >70%; (ii) 51-70%; (iii) 21-50%;
(iv) 10-20%; (v) <10%; (vi) not evaluable.

Time to perform the diagnosis was calculated using a handheld
digital timer as follow: (i) for LM the timer was started when the
pathologist placed the slide on the microscope’s stage and stopped
at the moment when the diagnosis was reached; (ii) for WSI, the
timer was started when the pathologist clicked on the file case to
open the digital image and stopped at the moment of the diagnosis.

2.2. Slides preparation and digital scan

One slide per case was selected for the purposes of the present
study. All 60 slides were digitized using an Aperio ScanScope XT
scanner (Leica-Biosystems, Buffalo Grove, IL) at 20 x magnification
(0.50 wm/pixel). The digital images were then loaded on the
Aperio server and evaluated using the Aperio ImageScope (Leica-
Biosystems, Buffalo Grove, IL) software.

At each site, pathologists used their own optical microscope
for LM evaluation and their own personal computer (Windows
Operating System, Intel Pentium Dual Core/Intel Core i3 proces-
sors, 3GB RAM memory, GoogleChrome/Firefox/InternetExplorer
Browsers, 21” widescreen monitors), and the network available in
their respective working Institutions for digital evaluation.

Definitive diagnoses reached at Maggiore Hospital were consid-
ered the gold standard and were used to perform the comparison
between LM and WSI and evaluation of the inter- and intra-
observer agreements.

2.3. Statistical analysis

Sensitivity, specificity, positive predictive value, negative
predictive value, and diagnostic accuracy were calculated in com-
parison to the definitive diagnoses.

Free-marginal multirater kappa was used to evaluate inter-
observer agreement between LM and WSI images, while the
intra-observer agreement was calculated using the Cohen kappa
statistic. For ordinal categories, the weighted Kappa was calculated.
Free-Marginal Multirater Kappa was used to evaluate interobserver
agreement. Free-marginal multirater kappa and Cohen kappa were
graded as: complete agreement (k >0.81), substantial agreement
(k=0.61-0.80), moderate agreement (k=0.41-0.60), fair agree-
ment (k =0.21-0.40) or slight agreement (k =0.01-0.20). Time for
performing diagnosis was compared using the Wilcoxon matched-
pairs signed rank test. A p-value < 0.05 was considered statistically
significant.

3. Results

Overall, among the 60 specimens retrieved for the study, 48
cases were processed as cell-blocks, while the other 12 were treated
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Table 1
Performance of light microscope and whole slide imaging in the evaluation of samples acquired by endoscopic ultrasound in 60 patients with pancreatic solid lesions.
Light microscopy [95% CI] Whole slide imaging [95% CI] p Value

Sensitivity 0.92 [0.87-0.95] 0.93[0.89-0.95] NS
Specificity 0.96 [0.80-0.99] 0.88[0.69-0.97] NS
Positive predictive value 0.99 [0.97-0.99] 0.99 [0.97-0.99] NS
Negative predictive value 0.51[0.41-0.61] 0.52[0.41-0.63] NS
Diagnostic accuracy 0.92 [0.88-0.94] 0.92 [0.88-0.94] NS

CI, Confidence Interval; NS: non statistically significant.

Table 2
Interobserver agreement on 60 slides from patients with solid pancreatic lesions evaluated by the five pathologists using light microscopy and whole slide imaging.
light microscopy percent Whole slide imaging p Value
overall agreement [k; percent overall
95% CI] agreement [k; 95% CI]
Diagnostic classification 84.5%[0.79; 0.71-0.88] 83.5%[0.78; 0.69-0.87] NS
Presence of core tissue 79.3%[0.59; 0.45-0.72] 76.3%[0.53; 0.40-0.66] NS
Number of lesional Cells 74.3%[0.62; 0.52-0.71] 68.7% [0.53; 0.43-0.63] NS
Percentage of lesional Cells® 50.2% [0.40; 0.30-0.50] 50.2% [0.38; 0.28-0.47] NS

(78.3% [0.67; 0.57-0.78])

(77.8%[0.67; 0.57-0.77])

K, Free-Marginal Multirater Kappa; CI, Confidence Interval; NS, non-statistically significant.
a Percent of lesional cells was calculated utilized all categories (<10%, between 10% and 20%, between 21% and 50%, between 51% and 70%, >70%) or assembling all categories

in two groups < 50% or >50%.

as conventional endoscopic histological core biopsy samples. The
definitive diagnoses of patients involved in the study based on
the reading of the above slides at Maggiore Hospital were: 32
adenocarcinomas, nine neuroendocrine neoplasms, five metastatic
neoplasia, three chronic pancreatitides, two lymphomas, one solid
pseudopapillary tumor, one gastrointestinal stromal tumor, one
accessory spleen. Moreover, there were three additional cases that
were suspicious for malignancy and other three in which the sam-
ple was judged to be inadequate to make a definitive diagnosis.

3.1. Comparison between Light Microscopy and whole slide
imaging

The overall performance of both techniques in the evaluation of
the 60 specimens is shown in Table 1. Equal or very similar sensi-
tivity, specificity, PPV, NPV, and diagnostic accuracy were observed
between the two techniques. Misinterpretation by at least 3 pathol-
ogists was observed in eight cases (six adenocarcinomas and two
neuroendocrine neoplasms).

3.2. Interobserver Agreement between light microscope and
whole slide imaging

Inter-observer agreement between LM and WSI on histopatho-
logical parameters is shown in Table 2. A substantial inter-observer
agreement as regard to the diagnostic classification was observed
using both LM (84.5%, k =0.79, 95% C.I. 0.71-0.88) and WSI (83.5%;
k=0.78, 95% C.I. 0.69-0.87). Regarding all the other parameters,
the inter-observer agreement was usually higher, but not statis-
tically significant, for LM (Table 2). Interestingly, inter-observer
agreement on the “percentage of lesional cells” was only fair
using both LM and WSI (k =0.40 and k =0.38, respectively), while
a substantial agreement (k=0.67) was reached when the num-
ber of lesional cells (more or less than 500) was evaluated
(Table 2).

3.3. Intra-observer agreement between light microscope and
whole slide imaging

The intra-observer agreement between LM and WSI on
histopathological parameters is shown in Table 3. A complete
agreement (k =0.87,95% C.I. 0.81-0.93) between LM and WSI was
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Fig.1. Comparison of time for performing diagnosis using light microscopy or whole
digital images. Vertical bars mean minimum and maximum time. ***p <0.0001
(Wilcoxon matched-pairs signed rank test).

reached for the diagnostic classification. When using WSI, 22 of 300
(7.3%) of the slides were underestimated (i.e. the pathologist eval-
uated a lesion as “less malignant” with WSI than LM) and 32/300
(10.7%) were overestimated (i.e. pathologist evaluated a lesion as
“more malignant” with WSI than with LM). A substantial agree-
ment (k=0.68, 95% C.I. 0.59-0.77) was reached between LM and
WSI regarding the presence of tissue core biopsy specimens. In
particular, when using WSI 15 of 300 (5.0%) of the slides were
underestimated and 29 of 300 (9.7%) were overestimated.

Regarding the evaluation of the number of lesional cells, a
substantial agreement (k=0.67, 95% C.I. 0.56—0.77) was reached
between LM and WSI. When using WSI, 23 of 300 (7.7%) of the
slides were underestimated and 56 of 300 (18.7%) were overesti-
mated. Similarly, to the number of cells, a substantial agreement
(k=0.77,95% C.1.0.71-0.83; Table 3) was reached between LM and
WSI also for the percentage of lesional cells. When using WSI, 59 of
300 (19.7%) of the slides were underestimated and 60 of 300 (20%)
were overestimated.

The median time needed for performing the evaluation of slides
using LM was 84 s (range 30-150), which was significantly shorter
than the time needed to perform the evaluation with WSI [(108 s
(range 54-240); p<0.0001] (Fig. 1).
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Table 3

Intra-observer agreement on 60 slides from patients with solid pancreatic lesions evaluated by the five pathologists using light microscopy and whole slide imaging.

Scored variables

Light microscopy (N =300)?

Digital slide (N=300)* Agreement k

Diagnostic classification

I - Non-diagnostic 7.3%
II - Negative (for malignancy) 6.3%
III - Atypical 3.7%
IV - Neoplastic (benign, other) 20.7%
V - Suspicious (for malignancy) 8.0%
VI - Positive or malignant 54.0%
Presence of core tissue
Yes 61.0%
No 39.0%
Number of lesional cells
>500 54.3%
<500 34.0%
N/A 11.7%
Percentage of lesional cells
>70% 49.7%
51-70% 15.0
21-50% 11.3%
10-20% 6.0%
<10% 6.0%
N/A 12.0%

6.3%

5.6%

5.0% 0.87
18.7%

6.7%

57.7%

67.0% 0.68
33.0%

60.0%
30.3%
9.7%

0.67

50.7%

17.7%

9.7% 0.77
5.0%

5.3%

11.7%

o

N=300: 60 slides x 5 pathologists; N/A: not applicable.

4. Discussion

We performed a retrospective study aimed at evaluating
the concordance and the inter- and intra-observer agreements
between light microscopy and whole slide imaging among expert
pathologists in the evaluation of cell-block and histological tissue
core biopsy specimens acquired under EUS guidance in 60 patients
with solid pancreatic lesions. Overall, we found a high concordance
between LM and WSI, a substantial inter-observer agreement and
a complete intra-observer agreement regarding diagnostic classifi-
cation, which was the most important parameter evaluated.

Whole slide imaging, also commonly called virtual microscopy,
refers to scanning of conventional glass slides in order to pro-
duce digital slides. It has become an increasingly important and
exponentially utilized tool in telepathology for primary diagno-
sis, consultation (second opinion), and remote evaluation of frozen
sections [4-6]. Additional uses comprise: (i) education, with the
possibility to show images at tumor boards and other clinical con-
ferences or to be able to give trainees the possibility to look at WSI
slides from any computer, from any place ;[5] and (ii) research, with
the capability for example of easily sharing a high number of slides
for multicenter studies, thus avoiding time and money consum-
ing process of mailing them to different centers for LM evaluation,
which can prevent the good success of the study [33]. Similarly,
pathology and biomarker communities can utilize WSI to: (i) create
image repositories, which can be helpful to validate virtual slides
collections; (ii) evaluate studies on concordance; (iii) develop an
algorithm of image analysis [34]. Finally, WSI can also become use-
ful for the process of standardization of tissue biomarkers, as highly
recommended by the US FDA and the American Society of Clinical
Oncology, and the American College of Pathologists [7,8].

In our study, we found a high concordance between LM and
WSI, with a diagnostic accuracy of 92% for both techniques. Sim-
ilarly, a recent systematic review of the literature on 32 studies,
evaluating different organs, has found a concordance of 92.4% [35].
Moreover, a large multicenter randomized non-inferiority study on
1992 cases has concluded that WSl is not inferior to LM for primary
diagnosis [20]. Importantly, our study is one of the few reports that
have evaluated histological non-surgical samples. Indeed, differ-
ently from two previous experiences that assessed the value of
telecytopathology for pancreatic cytological samples gathered by
EUS-FNA, we evaluated cell-block and histological core biopsy sam-
ples. This is important because a shift from cytology to histology

is rapidly occurring in the field of EUS-guided tissue acquisition,
mainly driven by the availability of newly designed highly perform-
ing FNB needles with a diagnostic accuracy over 95%, and by the
need to acquire histological samples to pave the road of personal-
ized medicine [29,30]. EUS-FNB biopsies can be processed both as
cell-block or histological samples depending on the center proto-
col [29,32]. It is possible that the lack of cytological samples may
have contributed to our very satisfactory results, thus avoiding the
underperformance of WSI when scanning thick cytological smears
or specimens that have three-dimensional cell groups [36,37]. In
the future, it is plausible to hypothesize that telepathology for EUS
guided acquired pancreatic samples can be performed either at the
time of the procedure, with preparation of a cytological smear using
the touch imprint cytology technique from an FNB needle, which
has been demonstrated to be equal than a smear obtained with
a needle for FNA [38], or one day after when the specimen has
been processed as a histological sample. In the first case scenario,
at least a cytotechnician has to be involved in the procedure or
endoscopists will have to learn how to make their own slides and
instantaneous pictures of the most adequate material from a micro-
scope to send them to a remote cytopathologist. Moreover, WSI of
histological samples can be helpful in developing studies involving
immunostaining evaluation, such as SMAD4 evaluation on EUS-FNB
samples, which has a prognostic significance [39]. Future studies
are needed to better clarify the time and economic impacts of these
two strategies on EUS-guided tissue acquisition of pancreatic and
non-pancreatic lesions.

A substantial inter-observer and a complete intra-observer
agreement as regard to the diagnostic classification of samples were
observed using both LM and WSI. These results were obtained after
a washout period of three months, which is far superior to the
period of at least two weeks recommended by the Guidelines from
the College of American Pathologists Pathology and Laboratory
Quality Center [40]. Regarding all the other parameters evaluated,
in the inter-observer agreement LM had a better performance than
WESIL. Interestingly, the inter-observer agreement on the “percent-
age of lesional cells” was only fair using both LM and WSI. This result
may reflect the poor habit of pathologists in the evaluation of the
percentage of this parameter on histological samples from patients
with solid pancreatic lesions. Indeed, the concordance grew up to
a substantial agreement when the evaluation was done only based
on the number of cells using a single cut-off (<500; >500).
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In addition to the complete intra-observer agreement as regard
to the diagnostic classification, a substantial agreement was also
found considering the presence of tissue core biopsy specimens
and of the percentage and number of lesional cells. Because of the
growing evidence of the upcoming need to perform such analyses
on pancreatic biopsy specimens to perform individualized thera-
pies[41], guidelines and training to overcome this limitation should
be organized.

The median time needed to perform WSI evaluation was sig-
nificantly longer than the one occurred to examine LM slides
(p<0.0001). This resultis in accordance with three previous studies
all showing an advantage of LM regarding the time spent to review
slides [42-44]. An increased time to diagnose may be of particu-
lar concern for financially pressed health care systems. However,
new image analysis programs, improvement of digital systems and
increase pathologists’ experience may decrease reading time in the
future and rendering WSI a cost-saving tool, as suggested by a pro-
jected cost savings study that has calculated a $18 million saving
by implementation of an enterprise-wide WSI system over a 5-year
period [45].

Our study has several limitations. First, due to the retrospec-
tive design, we cannot exclude some bias. Second, the number
of patients evaluated is limited to only 60. This number, how-
ever, represents the minimal number of patients recommended in
a validation study based on the Guidelines previously mentioned
[40]. Moreover, very heterogeneous diagnoses were chosen for the
study, encompassing almost all pancreatic pathologies causing a
pancreatic mass. Third, we did not use professional monitors such
as those usually recommended. Our results, however, showed a
very good concordance between LM and WSI despite this limitation.
Fourth, the evaluation has been performed by expert pathologists,
from high volume centers for pancreatic diseases, thus similar out-
comes might not be replicated outside of this setting. Finally, we
performed evaluation only of H&E stained samples without includ-
ing specimens afterimmunostaining, which can be one of the major
point of strength of WSI [7,8].

In conclusion, our results show a high concordance between
light microscopy and whole slide imaging, as well as, a substantial
inter-observer agreement and a complete intra-observer agree-
ment regarding diagnostic classification on EUS-guided cell-block
or histological acquired biopsy samples from patients with pan-
creatic solid lesions. Methods to decrease WSI reading time and
make it more cost-effective to use digital images will be required
for wider adoption of this technique in clinical practice.
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