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ABSTRACT

Background: Experience in the use of whole slide imaging (WSI) for primary
diagnosis is limited and there are no comprehensive reports evaluating this
technology in liver biopsy specimens.

Aims: To determine the accuracy of interpretation of WSI compared with
conventional light microscopy (CLM) in the diagnosis of needle liver biopsies.
Methods: Two experienced liver pathologists blindly analyzed 176 consecutive
biopsies from the Pathology Department at the Hospital Clinic of Barcelona.
One of the observers performed the initial evaluation with CLM, and the second
evaluation with WSI, whereas the second observer performed the first
evaluation with WSI and the second with CLM. All slides were digitized in a
Ventana iScan HT at 400x and evaluated with the Virtuoso viewer (Roche
diagnostics). We used kappa statistics (k) for two observations.

Results: Intra-observer agreement between WSI and CLM evaluations was
almost perfect (96.6%, k= 0.9; 95% confidence interval [95%CI]: 0.9-1 for
observer 1, and 90.3%, k= 0.9; 95%CI: 0.8-0.9 for observer 2). Both native and
transplantation biopsies showed an almost perfect concordance in the
diagnosis.

Conclusion: Diagnosis of needle liver biopsy specimens using WSI is accurate.

This technology can reliably be introduced in routine diagnosis.

KEY WORDS: digital pathology, liver pathology, hepatic needle biopsies, intra-

observer agreement
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INTRODUCTION

Conventional light microscopy (CLM) has been the basic and, until
recently, the only tool for the histological diagnosis of biopsy specimens. The
development of the whole-slide Imaging (WSI) technology has started to

change this picture in the last few years.

The basis of the WSI technology is the use of high throughput scanners
able to create high quality digital reproductions of glass slides containing a
complete histological section and WSI viewers that allow navigation across the
virtual slide. These tools enable the use of the computer as a CLM. WSI has
many practical applications that include education and teleconsultation [1-4]. In
the last few years the medical community has shown increasing interest in the

use of WSI for routine primary diagnosis [5-7].

Indeed, routine pathological diagnosis can benefit from the advantages of
this technology. The WSI workstations are more ergonomic and facilitate a
more efficient sign-out process. WSI allows viewing several slides at the same
time on the same screen, which is particularly helpful for the evaluation of
immuno- or histochemically stained slides that can be analyzed together with
hematoxylin-eosin (H&E) staining (Figure 1). The digital viewers incorporate
tools that enable making annotations, rotating the images and making precise
measurements [8]. WSI has a much larger field of vision than CLM and a wider
range of magnifications, including very low magnifications that are very useful
for the evaluation of surgical specimens. WSI facilitates sharing images and
information with clinicians and other pathologists. This is not only extremely
useful in tumors boards, but also allows expert tele-consultation of difficult

cases and frozen section intra-operative biopsies [9,10]. Finally, with WSI
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algorithms can be used for the evaluation and quantification of
immubhistochemical stains, resulting in a more objective evaluation [11-14]. This
tool is likely to become essential to achieve standardized diagnoses in the near

future.

Although WSI is considered to be comparable to CLM, adequate
correlation between WSI and CLM diagnoses should be confirmed before this
technology is used for primary diagnosis. The number of studies aimed at
validating WSI in the routine diagnosis of the different areas of pathology is
rapidly growing [15]. However, whereas relatively abundant information is
available in some areas of pathology, validation studies are very scant or even
absent in other areas, such as liver biopsy. Indeed, while a few studies have
used this tool in research and automated image analysis [16—24], there is a
complete absence of studies validating the use of WSI in needle liver biopsies,
which may lead to reluctance in implementing this technology in routine

diagnosis.

MATERIALS AND METHODS
Characteristics of the institution

This study was performed at the Department of Pathology in the Hospital
Clinic (Barcelona, Spain). This department is composed of 16 pathologists, 8
residents and a variable number of fellows. The specimens are divided into 14
subspecialties, and the pathologists limit their practice to one or two areas. In
2015 the Department handled 43,678 specimens with 11,081 paraffin blocks.
The number of liver needle biopsy specimens during this year was 230. The

study was approved by the institutional ethics review board /HCB/2014/0514.
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Sample size calculation

The highest rate of discrepancy between the original diagnosis by CLM
and that by WSI was calculated to be 3%, with a non-inferiority margin for WSI
review of 5%. A 1-sided binomial test was used for comparison at a level of
significance of .05. The power to be achieved was 70%, and the level of
significance was .05. Based on these assumptions, it was calculated that 100

cases would need to be reviewed to establish non-inferiority [25].

Specimens included in the study

All consecutive needle liver biopsy specimens received at the Department
of Pathology of the Hospital Clinic in a 9-month period (February-October 2015)
and assigned to the same expert pathologist were included in the study
(n=176). This represented 76.5% of the total number of liver biopsies evaluated
in 2015. All cases had a single paraffin block, containing one to five specimens
(median 1). All specimens were routinely stained with H&E, Masson’s trichrome
and reticulin stain. Additionally, immunohistochemical stains were used for
specific cases after the request of the pathologist. The total number of scanned
slides was 1286. The biopsies included both native and transplanted livers
(n=112 and n=64, respectively). The median age of the patients was 57 years

(range 18-91).

Scanning process and characteristics of the WSI display

All the needle liver biopsies were scanned daily after CLM diagnosis. The
scanning of the histological slides was performed on a Ventana iScan HT
(Ventana Medical Systems, Tucson, AZ, USA) at a magnification of 400x. The

scanning process run automatically, and includes the selection of the area that



Saco et al. Validation of WSI in liver biopsy. 6

contains the tissue, the determination of the focus points, the calibration, and
the scanning. When more than one section are mounted on a single slide, the
system scans all the sections. No specific quality control of the slides scanned
was made prior to evaluation by the pathologist. The WSI produced are stored
in a dedicated mass storage environment and linked to the pathology report,
based on the recognition of a QR code on the slide label. Although WSI can be
accessed through the pathology laboratory information system (LIS) software
(Novopath, Vitrosoft SL, Sevilla, Spain), for the purposes of this study access to

the WSI was made through the viewer.

The images were viewed with the Virtuoso viewer (Ventana), which works
as a web browser and simulates a CLM. The images are shown using the same
structure provided by the LIS. No specific software installation is required to
visualize the WSI. The scanned images can be viewed up to a real
magnification of 400x and up to 600x with a digital zoom, are always in focus,
and have an optimized contrast and adjusted illumination. The viewer shows a
thumbnail of the whole slide, which allows confirmation that all the material
present on the glass slide has been included in the digital image and helps in
the navigation through the slide. The WSI are displayed on a 30” Coronis fusion
MDC4130 monitor which has a resolution of 4 Megapixels (Barco Electronic

Systems, Barcelona, Spain).

CLM and WSI diagnosis

Two experts in liver pathology analyzed all cases. The first observer
performed the initial evaluation with CLM, which was considered the reference
for diagnostic attribution, and the second observation with WSI, whereas the

second observer performed the initial evaluation with WSI and the second with
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CLM. In order to avoid interference with the first diagnosis, the minimum
washout period between the two observations was 1.5 months (range 1.5-4
months). All the histological slides of each case were scanned and evaluated. A
summary with the basic original clinical information was provided to the
pathologist in both evaluations in order to emulate the real clinical environment,
and the pathologist could also request additional information. When performing
the WSI, the pathologist was blinded to the original diagnostic report, as well as
to the evaluation made by the other pathologist. In all cases, a main diagnosis
was rendered in both evaluations. Additionally, in some specimens additional

secondary diagnoses were also provided.

Concordance between CLM and WSI diagnosis and features evaluated

An independent pathologist not involved with the evaluation compared the
original CLM and the WSI-based evaluations and judged the concordance of
the two diagnoses. Concordance was classified as: a) complete agreement; b)
minor discrepancy (slight differences which would not have any clinical or
prognostic implications); and c¢) major discrepancy (differences with clinical

and/or prognostic implications for the patient).

Some histological features were routinely evaluated in all the specimens:
portal fibrosis (using a 0-4 scale), presence or absence of Mallory-Denk bodies,
steatosis (using a 0-3 scale), and liver cell ballooning [26,27]. Portal
inflammation, cholangitis and endothelitis were estimated using a 0-3 scale in
all the acute rejection biopsies [28]. In the cases of cirrhosis and chronic
hepatitis, necro-inflammatory activity (portal/periportal and lobular) was
evaluated with a 0-3 scale [29—-32]. Other characteristics were recorded when

present.
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Statistical analysis

The SPSS (SPSS IncTM140, Version 18, Chicago, IL, USA) was used for
statistical analyses. The results for categorical variables are expressed as
absolute numbers and percentages and 95% confidence intervals (95%Cl). The
Chi-squared or the Fisher's exact tests were used to compare the variables.
The results were evaluated by unweighted Kappa statistics for two
observations. This measure calculates the degree of agreement in classification
over that which would be expected by chance and is scored as a number
between 0 and 1. According to the Landis-defined categories the strength of
agreement of the Kappa values (k) is: 0 none, beyond chance; 0-0.20 slight;
0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80 substantial; 0.81-1.00 almost
perfect. For the kappa value calculation, the main diagnoses were grouped into
nine categories for the native livers and six categories for the transplanted
livers. The diagnostic categories for the native livers included: a) slight changes
(including isolated steatosis), b) venous congestion, ¢) autoimmune diseases
(autoimmune hepatitis and primary biliary cirrhosis), d) steatohepatitis, e€) acute
hepatitis, f) chronic viral hepatitis g) cirrhosis, h) malignant tumors (primary or
metastatic), and i) other diseases. The diagnostic categories for the
transplanted livers included: a) slight changes; b) autoimmune hepatitis, c)
steatohepatitis, d) hepatitis C virus infection, e) acute cellular rejection, and f)

chronic rejection.

RESULTS

Intra-observer and inter-observer agreement
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The overall intra-observer agreement between the CLM and the WSI
diagnoses was 96.6% (k= 0.9; 95% CI: 0.9-1) for the observer 1 and 90.3% (k=
0.9; 95% CI: 0.8-0.9) for the observer 2. There were four minor discrepancies
between the CLM and the WSI diagnoses for observer 1 and 14 for observer 2.
None of the discrepancies were related to a poor quality of the WSI image or to
insufficient magnification. The diagnoses of carcinoma showed 100%
concordance in all four evaluations. The overall inter-observer agreement
between the CLM diagnoses performed by observer 1 and 2 was 92.6% (k=

0.9; 95% CI: 0.9-1) and 96.6% (k= 1; 95% CI: 0.9-1) for the WSI diagnoses.

The intra-observer agreement between CLM and WSI for the native liver
biopsies (n=112) was 95.5% (k= 0.9; 95% CI: 0.9-1) for observer 1 and 90.2%
(k= 0.9; 95% CI: 0.8-0.9) for observer 2. The inter-observer agreement between
the CLM diagnoses performed by observer 1 and 2 was in this group of native
liver biopsies was 92.9% (k= 0.9; 95% CI: 0.9-1) and 87.5% (k= 0.9; 95% CI:
0.8-0.9) for the WSI diagnoses. Table 1 shows the intra-observer (WSI vs.
CLM) for the two observers and the inter-observer agreement for CLM and WSI

for each specific diagnostic group for the 112 native liver specimens.

Table 2 shows the intra-observer (WSI vs. CLM) for the two observers and
the inter-observer agreement for CLM and WSI for each specific diagnostic
group for the 64 transplantation biopsies. The intra-observer agreement
between CLM and WSI for the transplanted liver biopsies was 93.7% (k= 0.9;
95% CI: 0.8-1) for observer 1 and 87.5% (k= 0.8; 95% CI: 0.7-0.9) for observer
2. The inter-observer agreement between the CLM diagnoses performed by
observer 1 and 2 was in this group of transplanted liver biopsies was 89.1% (k=

0.8; 95% CI: 0.7-1) and 87.5% (k= 0.8; 95% CI: 0.7-0.9) for the WSI diagnoses.
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Agreement between WSI and CLM in relevant liver changes

Table 3 shows the intra-observer (WSI vs. CLM) and the inter-observer
(WSI vs. WSI and CLM vs. CLM) agreement in the evaluation of relevant
histological features in the native livers (steatosis, liver cell ballooning, presence
or absence or Mallory-Denk bodies, portal/peri-portal inflammatory activity and
necrosis and lobular necrosis and inflammatory activity). Table 4 shows the
intra-observer (WSI vs. CLM) and the inter-observer (WSI vs. WSI and CLM vs.
CLM) agreement in the evaluation of major histological features in transplanted

livers (portal inflammation, cholangitis and endothelitis).

DISCUSSION

This is the first study evaluating the accuracy of WSI diagnosis in the
routine practice of needle liver biopsies. Our results show a high intra-observer
concordance between the CLM and the WSI evaluations (over 90% for both
obseervers) in the diagnoses of a large series of routine needle liver specimens.
The kappa value, considered as a measure of the level of intra- and inter-
observer agreement corrected by chance, was almost perfect (0.9 for both
observers) and 0.9-1 for the inter-oberver comparisons of the CLM and the WSI
evaluations. The percentage of discrepancies between the CLM and WSI
diagnoses observed in our study was below 10%, and only minor discrepancies
were identified. Neither had an impact on patient management. More
importantly, none of the discrepancies was related to a poor quality of the WSI
image or to insufficient magnification. All the discrepancies observed were

associated with either the small size of the material or to the intrinsic difficulty of
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the case. Thus, our results confirm that WSI may confidently be used for

primary histological diagnosis of liver biopsies.

A number of studies have shown that there is a substantial variation
between and within observers in the evaluation of liver biopsy specimens.
These studies are limited to specific diseases such as non-alcoholic
steatohepatitis and chronic viral hepatitis [33—-37]. In an intra-observer
concordance study including 50 biopsies oriented as non-alcoholic
steatohepatitis Kleiner et al reported a kappa value of 0.61 [34]. Our study
showed a higher rate of concordance in the evaluation of steatohepatitis with a
kappa value ranging from 0.7 to 0.9 in the different comparisons, although the
number of cases with this diagnosis was much lower and included both
alcoholic and non-alcoholic steatohepatitis. Three studies have evaluated intra-
observer concordance in the diagnosis of chronic viral hepatitis. The evaluation
of fibrosis grade and stage in these studies showed kappa values ranging from
0.72 and 1 [35-37], which were comparable with the concordance rates
observed in our study (0.7 to 0.9). These discrepancies have mainly been
attributed to the inherent intra-observer variability in the diagnosis of needle
liver biopsy specimens. Interestingly, some of these studies analyzed a number
of histological features separately, showing high concordance rates for steatosis
(k = 0.79), periportal necrosis (k = 0.74) and fibrosis (k = 0.86) and lower values
for lobular necrosis (k= 042) [33,34]. In the present study, the concordance
observed for all these histological findings showed even better results. A
possible limitation of our study is the lower number of cases of each particular

disease included in the analysis compared to previous reports [33-37].
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However, our study was designed to evaluate the reliability of the WSI tool for

the diagnosis of any liver lesion and not specifically for a single disease.

Interestingly, the specific analysis of liver transplantation specimens
(n=64) showed a high intra-observer concordance that remained almost perfect
(93.7%:; k= 0.9 for observer 1, 87.5, k= 0.8 for observer 2). There were no

differences in the diagnosis of rejection.

The results obtained in our study with the liver biopsies are comparable to
other validation studies conducted in other areas of pathology, such as breast
[38], skin [39], gastrointestinal [40,41], prostate [42—46], gynecological [25],
renal [46,47] or pediatric pathology [48,49] which show similar high rates of
concordance between CLM and WSI diagnoses. Thus, the results of all these
studies indicate that WSI should be considered as a validated tool, almost
equivalent to the CLM. In keeping with this assumption, the guidelines and
recommendations of the College of American Pathologists, the Canadian
Association of Pathologists and the American Telemedicine Association for
adequate validation of WSI before its use in routine diagnosis do not require a
validation for each specific area [1,4]. These recommendations indicate that
only 60 samples per pathologist should be evaluated in order to ensure the
familiarity of the pathologist with the new tool. Indeed, as with any other tool,

there is a learning curve for WSI [25,50-54].

Remarkably, the pathologist did not report any difficulty in rendering the
diagnosis at the magnification used in this study (400x). A 200x magnification is
considered as appropriate to achieve a correct diagnosis in most previously
published studies evaluating other areas of pathology [25,42,48,50,55-57].

However, this scanning magnification may not be sufficient for some areas,
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such as the liver due to the small size of the specimens and the need to

evaluate subtle changes that frequently require the use of high magnification.

The introduction of the WSI technology may significantly improve the
diagnosis of routine needle liver biopsy specimens taking into account the
advantage of the possibility of viewing multiple slides at the same time with this
technique. Indeed, this advantage can be very useful in liver pathology since
several stains are often used and WSI facilitates tele-consultation. Finally, the
future development of computer-assisted diagnostic algorithms is likely to help
reduce intra- and inter-observer variability. However, many issues should be
addressed to make this implementation feasible and cost-efficient, such as the
cost of the scanners [4,8,58-61], the costs associated with the maintenance of
the system and the storage of the images and legal issues related to the use of
WSI for primary diagnosis, including image storage and patient confidentiality.
Approval is currently being sought from the US Food and Drug Administration
(FDA) for the use of WSI in primary diagnosis. In the meantime, WSI is being

increasingly used in several centers around the world.

In conclusion, the diagnosis of needle liver biopsies using WSI has high
intra-observer concordance with the results of CLM evaluation. Our results
confirm that WSI can be safely used for primary histological diagnosis of liver

biopsies, including native and transplantation specimens.



Saco et al. Validation of WSI in liver biopsy. 14

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

Pantanowitz L, Sinard JH, Henricks WH, et al. Validating whole slide
imaging for diagnostic purposes in pathology: guideline from the College
of American Pathologists Pathology and Laboratory Quality Center. Arch

Pathol Lab Med 2013;137:1710-22. doi:10.5858/arpa.2013-0093-CP.

Wilbur DC, Madi K, Colvin RB, et al. Whole-slide imaging digital pathology
as a platform for teleconsultation: a pilot study using paired subspecialist
correlations. Arch Pathol Lab Med 2009;133:1949-53. d0i:10.1043/1543-

2165-133.12.1949.

Saco A, Bombi JA, Garcia A, et al. Current Status of Whole-Slide Imaging

in Education. Pathobiology 2016;83:79—-88. d0i:10.1159/000442391.

Bernard C, Chandrakanth SA, Cornell IS, et al. Guidelines from the
Canadian Association of Pathologists for establishing a telepathology
service for anatomic pathology using whole-slide imaging. J Pathol Inform

2014;5:15. doi:10.4103/2153-3539.129455.

Al-Janabi S, Huisman A, Van Diest PJ. Digital pathology: current status
and future perspectives. Histopathology 2012;61:1-9. doi:10.1111/j.1365-

2559.2011.03814.x.

Brachtel E, Yagi Y. Digital imaging in pathology--current applications and

challenges. J Biophotonics 2012;5:327—-35. doi:10.1002/jbio.201100103.

Pantanowitz L, Valenstein PN, Evans AJ, et al. Review of the current
state of whole slide imaging in pathology. J Pathol Inform 2011;2:36.

doi:10.4103/2153-3539.83746.

Thorstenson S, Molin J, Lundstrom C. Implementation of large-scale



[9]

[10]

[11]

[12]

[13]

[14]

Saco et al. Validation of WSI in liver biopsy. 15

routine diagnostics using whole slide imaging in Sweden: Digital
pathology experiences 2006-2013. J Pathol Inform 2014;5:14.

doi:10.4103/2153-3539.129452.

Hartman DJ, Parwani A V, Cable B, et al. Pocket pathologist: A mobile
application for rapid diagnostic surgical pathology consultation. J Pathol

Inform 2014;5:10. doi:10.4103/2153-3539.129443.

Speiser JJ, Hughes |, Mehta V, et al. Mobile teledermatopathology: using
a tablet PC as a novel and cost-efficient method to remotely diagnose
dermatopathology cases. Am J Dermatopathol 2014;36:54—7.

doi:10.1097/DAD.0b013e3182863186.

Gavrielides MA, Conway C, O’Flaherty N, et al. Observer performance in
the use of digital and optical microscopy for the interpretation of tissue-
based biomarkers. Anal Cell Pathol (Amst) 2014;2014:157308.

doi:10.1155/2014/157308.

Nassar A, Cohen C, Agersborg SS, et al. A multisite performance study
comparing the reading of immunohistochemical slides on a computer
monitor with conventional manual microscopy for estrogen and
progesterone receptor analysis. Am J Clin Pathol 2011;135:461-7.

doi:10.1309.

Micsik T, Kiszler G, Szabo D, et al. Computer Aided Semi-Automated
Evaluation of HER2 Immunodetection--A Robust Solution for Supporting
the Accuracy of Anti HER2 Therapy. Pathol Oncol Res 2015;21:1005-11.

doi:10.1007/s12253-015-9927-6.

Krenacs T, Zsakovics |, Diczhazi C, et al. The potential of digital



Saco et al. Validation of WSI in liver biopsy. 16

microscopy in breast pathology. Pathol Oncol Res 2009;15:55-8.

doi:10.1007/s12253-008-9087-z.

[15] Saco A, Ramirez J, Rakislova N, et al. Validation of Whole-Slide Imaging
for Histolopathogical Diagnosis: Current State. Pathobiology 2016;83:89—

98. doi:10.1159/000442823.

[16] Atupelage C, Nagahashi H, Kimura F, et al. Computational hepatocellular
carcinoma tumor grading based on cell nuclei classification. J Med
Imaging (Bellingham, Wash) 2014;1:34501.

doi:10.1117/1.JM1.1.3.034501.

[17] Bejnordi BE, Litjens G, Timofeeva N, et al. Stain Specific Standardization
of Whole-Slide Histopathological Images. IEEE Trans Med Imaging

2016;35:404-15. doi:10.1109/TMI.2015.24765009.

[18] Isse K, Grama K, Abbott IM, et al. Adding value to liver (and allograft)
biopsy evaluation using a combination of multiplex quantum dot
immunostaining, high-resolution whole-slide digital imaging, and
automated image analysis. Clin Liver Dis 2010;14:669-85.

doi:10.1016/j.cld.2010.07.004.

[19] Abe T, Hashiguchi A, Yamazaki K, et al. Quantification of collagen and
elastic fibers using whole-slide images of liver biopsy specimens. Pathol

Int 2013;63:305-10. doi:10.1111/pin.12064.

[20] Liang Y, Wang F, Treanor D, et al. A Framework for 3D Vessel Analysis
using Whole Slide Images of Liver Tissue Sections. Int J Comput Biol

Drug Des 2016;9:102-19. doi:10.1504/13CBDD.2016.074983.

[21] Liang Y, Wang F, Treanor D, et al. Liver Whole Slide Image Analysis for



[22]

[23]

[24]

[25]

[26]

[27]

[28]

Saco et al. Validation of WSI in liver biopsy. 17

3D Vessel Reconstruction. Proceedings IEEE Int Symp Biomed Imaging

2015;2015:182-5. doi:10.1109/ISBI.2015.7163845.

Nagase A, Takahashi M, Nakano M. Automatic calculation and
visualization of nuclear density in whole slide images of hepatic
histological sections. Biomed Mater Eng 2015;26 Suppl 1:51335-44.

doi:10.3233/BME-151431.

Rawlins SR, ElI-Zammar O, Zinkievich JM, et al. Digital quantification is
more precise than traditional semiquantitation of hepatic steatosis:
correlation with fibrosis in 220 treatment-naive patients with chronic
hepatitis C. Dig Dis Sci 2010;55:2049-57. doi:10.1007/s10620-010-1254-

X.

Hall AR, Dhillon AP, Green AC, et al. Hepatic steatosis estimated
microscopically versus digital image analysis. Liver Int 2013;33:926-35.

doi:10.1111/liv.12162.

Ordi J, Castillo P, Saco A, et al. Validation of whole slide imaging in the
primary diagnosis of gynaecological pathology in a University Hospital. J

Clin Pathol 2015;68:33-9. doi:10.1136/jclinpath-2014-202524.

Scheuer PJ. Classification of chronic viral hepatitis: a need for

reassessment. J Hepatol 1991;13:372—4.

Brunt EM, Janney CG, Di Bisceglie AM, et al. Nonalcoholic
steatohepatitis: a proposal for grading and staging the histological lesions.
Am J Gastroenterol 1999;94:2467—74. doi:10.1111/}.1572-

0241.1999.01377.x.

Demetris AJ, Batts KP, Dhilion AP, et al. Banff schema for grading liver



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Saco et al. Validation of WSI in liver biopsy. 18

allograft rejection: an international consensus document. Hepatology

1997,25:658—63. doi:10.1002/hep.510250328.

Brunt EM. Grading and staging the histopathological lesions of chronic
hepatitis: the Knodell histology activity index and beyond. Hepatology

2000;31:241-6. doi:10.1002/hep.510310136.

Batts KP, Ludwig J. Chronic hepatitis. An update on terminology and

reporting. Am J Surg Pathol 1995;19:1409-17.

Desmet VJ. Knodell RG, Ishak KG, et al. Formulation and application of a
numerical scoring system for assessing histological activity in
asymptomatic chronic active hepatitis [Hepatology 1981;1:431-435]. J

Hepatol 2003;38:382—6.

Hubscher SG. Histological grading and staging in chronic hepatitis:

clinical applications and problems. J Hepatol 1998;29:1015-22.

Rousselet M-C, Michalak S, Dupre F, et al. Sources of variability in
histological scoring of chronic viral hepatitis. Hepatology 2005;41:257—64.

doi:10.1002/hep.20535.

Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of a
histological scoring system for nonalcoholic fatty liver disease.

Hepatology 2005;41:1313-21. doi:10.1002/hep.20701.

Regev A, Berho M, Jeffers LJ, et al. Sampling error and intraobserver
variation in liver biopsy in patients with chronic HCV infection. Am J

Gastroenterol 2002;97:2614—8. doi:10.1111/}.1572-0241.2002.06038.x.

Robert M, Sofair AN, Thomas A, et al. A comparison of

hepatopathologists’ and community pathologists’ review of liver biopsy



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Saco et al. Validation of WSI in liver biopsy. 19

specimens from patients with hepatitis C. Clin Gastroenterol Hepatol

2009;7:335-8. d0i:10.1016/j.cgh.2008.11.029.

Skripenova S, Trainer TD, Krawitt EL, et al. Variability of grade and stage
in simultaneous paired liver biopsies in patients with hepatitis C. J Clin

Pathol 2007;60:321—4. doi:10.1136/jcp.2005.036020.

Al-Janabi S, Huisman A, Willems SM, et al. Digital slide images for
primary diagnostics in breast pathology: a feasibility study. Hum Pathol

2012;43:2318-25. doi:10.1016/j.humpath.2012.03.027.

Al Habeeb A, Evans A, Ghazarian D. Virtual microscopy using whole-slide
imaging as an enabler for teledermatopathology: A paired consultant

validation study. J Pathol Inform 2012;3:2. d0i:10.4103/2153-3539.93399.

Al-Janabi S, Huisman A, Vink A, et al. Whole slide images for primary
diagnostics of gastrointestinal tract pathology: a feasibility study. Hum

Pathol 2012;43:702—7. doi:10.1016/j.humpath.2011.06.017.

Molnar B, Berczi L, Diczhazy C, et al. Digital slide and virtual microscopy
based routine and telepathology evaluation of routine gastrointestinal

biopsy specimens. J Clin Pathol 2003;56:433-8.

Camparo P, Egevad L, Algaba F, et al. Utility of whole slide imaging and
virtual microscopy in prostate pathology. APMIS 2012;120:298-304.

doi:10.1111/j.1600-0463.2011.02872.X.

Chargari C, Comperat E, Magne N, et al. Prostate needle biopsy
examination by means of virtual microscopy. Pathol Res Pract

2011:207:366-9. doi:10.1016/j.prp.2011.03.005.

Fine JL, Grzybicki DM, Silowash R, et al. Evaluation of whole slide image



[45]

[46]

[47]

[48]

[49]

[50]

[51]

Saco et al. Validation of WSI in liver biopsy. 20

immunohistochemistry interpretation in challenging prostate needle
biopsies. Hum Pathol 2008;39:564—72.

doi:10.1016/j.humpath.2007.08.007.

Helin H, Lundin M, Lundin J, et al. Web-based virtual microscopy in
teaching and standardizing Gleason grading. Hum Pathol 2005;36:381-6.

doi:10.1016/j.humpath.2005.01.020.

Al-Janabi S, Huisman A, Jonges GN, et al. Whole slide images for
primary diagnostics of urinary system pathology: a feasibility study. J Ren

Inj Prev 2014;3:91-6. doi:10.12861/jrip.2014.26.

Furness P. A randomized controlled trial of the diagnostic accuracy of
internet-based telepathology compared with conventional microscopy.

Histopathology 2007;50:266—73. d0i:10.1111/j.1365-2559.2006.02581.x.

Al-Janabi S, Huisman A, Nikkels PGJ, et al. Whole slide images for
primary diagnostics of paediatric pathology specimens: a feasibility study.

J Clin Pathol 2013;66:218-23. doi:10.1136/|clinpath-2012-201104.

Arnold MA, Chenever E, Baker PB, et al. The College of American
Pathologists guidelines for whole slide imaging validation are feasible for
pediatric pathology: a pediatric pathology practice experience. Pediatr

Dev Pathol 2015;18:109-16. doi:10.2350/14-07-1523-0OA.1.

Al-Janabi S, Huisman A, Vink A, et al. Whole slide images for primary
diagnostics in dermatopathology: a feasibility study. J Clin Pathol

2012;65:152-8. doi:10.1136/jclinpath-2011-200277.

Randell R, Ruddle RA, Mello-Thoms C, et al. Virtual reality microscope

versus conventional microscope regarding time to diagnosis: an



[52]

[53]

[54]

[55]

[56]

[57]

[58]

Saco et al. Validation of WSI in liver biopsy. 21

experimental study. Histopathology 2013;62:351-8. d0i:10.1111/j.1365-

2559.2012.04323.x.

Krishnamurthy S, Mathews K, McClure S, et al. Multi-institutional
comparison of whole slide digital imaging and optical microscopy for
interpretation of hematoxylin-eosin-stained breast tissue sections. Arch

Pathol Lab Med 2013;137:1733-9. doi:10.5858/arpa.2012-0437-OA.

Houghton JP, Ervine AJ, Kenny SL, et al. Concordance between digital
pathology and light microscopy in general surgical pathology: a pilot study
of 100 cases. J Clin Pathol 2014;67:1052-5. doi:10.1136/jclinpath-2014-

202491.

Randell R, Ruddle RA, Thomas RG, et al. Diagnosis of major cancer
resection specimens with virtual slides: impact of a novel digital pathology
workstation. Hum Pathol 2014;45:2101-6.

doi:10.1016/j.humpath.2014.06.017.

Bauer TW, Schoenfield L, Slaw RJ, et al. Validation of whole slide
imaging for primary diagnosis in surgical pathology. Arch Pathol Lab Med

2013;137:518-24. doi:10.5858/arpa.2011-0678-OA.

Gilbertson JR, Ho J, Anthony L, et al. Primary histologic diagnosis using
automated whole slide imaging: a validation study. BMC Clin Pathol

2006;6:4. doi:10.1186/1472-6890-6-4.

Bauer TW, Slaw RJ. Validating whole-slide imaging for consultation
diagnoses in surgical pathology. Arch Pathol Lab Med 2014;138:1459-65.

doi:10.5858/arpa.2013-0541-0A.

Hedvat C V. Digital microscopy: past, present, and future. Arch Pathol



Saco et al. Validation of WSI in liver biopsy. 22

Lab Med 2010;134:1666—-70. doi:10.1043/2009-0579-RAR1.1.

[59] Ho J, Ahlers SM, Stratman C, et al. Can digital pathology result in cost
savings? A financial projection for digital pathology implementation at a
large integrated health care organization. J Pathol Inform 2014;5:33.

doi:10.4103/2153-3539.139714.

[60] Isaacs M, Lennerz JK, Yates S, et al. Implementation of whole slide
imaging in surgical pathology: A value added approach. J Pathol Inform

2011;2:39. doi:10.4103/2153-3539.84232.

[61] Pantanowitz L. Digital images and the future of digital pathology. J Pathol

Inform 2010;1. doi:10.4103/2153-3539.68332.



Saco et al. Validation of WSI in liver biopsy. 23

FIGURE LEGEND

Figure 1. The WSI viewer may simultaneously show and synchronously move
several slides of a case. This is particularly helpful in the evaluation of liver

biopsy specimens since it allows the analysis of an H&E stained slide together

with histochemically and/or immunohistochemically stained slides.
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Table 1: Intra-observer (whole slide imaging [WSI] vs. conventional light microscopy [CLM]) for the two observers and Inter-

observer agreement for CLM and WSI in the diagnosis of native liver specimens (n=112).

Intra-observer Kappa Intra-observer Kappa Inter-observer Kappa Inter-observer Kappa

Diagnosis n agreement value agreement value agreement value agreement value
Observer 1 (95% CI) Observer 2 (95% CI) CLM (95% CI) WSI (95% CI)

Mild changes * 22 98.3 0.9 (0.9-1) 94.9 0.9 (0.8-0.9) 96.0 0.9 (0.8-1) 96.0 0.9 (0.8-1)
Venous 4 100 1 (NA) 98.9 0.9 (0.5-1) 98.3 0.7 (0.4-1) 99.4 0.9 (0.7-1)
congestion
Autoimmune 15 99.4 1 (0.9-1.0) 98.3 0.9 (0.8-1) 98.9 0.9 (0.8-1) 97.7 0.9 (0.7-1)
diseases *
Steatohepatitis 12 98.3 0.9 (0.8-1) 97.7 0.8 (0.7-1) 97.7 0.8 (0.7-1) 96.0 0.7 (0.6-0.9)
Acute hepatitis ¢ | 7 99.4 0.9 (0.8-1) 98.3 0.8 (0.6-1) 99.4 0.9 (0.8-1) 98.3 0.8 (0.6-1)
Chronic 14 97.7 0.9 (0.9-1) 94.9 0.8 (0.7-0.9) 97.7 0.9 (0.9-1) 93.7 0.8 (0.7-0.9)
hepatitis **
Cirrhosis 19 100 1 (NA) 100 1 (NA) 98.9 0.9 (0.8-1) 98.9 0.9 (0.8-1)
Tumors ** 14 100 1 (NA) 100 1 (NA) 100 1 (NA) 100 1 (NA)
Other % 5 100 1 (NA) 98.9 0.8 (0.6-1) 99.4 0.9 (0.8-1) 99.4 0.9 (0.8-1)

95%Cl: 95% confidence interval; * includes mild to moderate macrovesicular steatosis (n=15) and mild non-specific changes (n=7); "

includes autoimmune hepatitis (7 cases) and primary biliary cirrhosis (8 cases); *includes four toxic acute hepatitis, two acute B hepatitis
and one hepatitis of unknown origin; ** includes 10 chronic hepatitis C, two chronic hepatits B and two drug induced hepatitis; * includes

one cholangiocarcinoma, six metastatic carcinomas, six hepatocellular carcinomas and one hemangioma; ** includes one case each of

schistosomiasis, cystic fibrosis, graft versus host disease, sclerosing cholangitis and nodular regenerative hyperplasia. NA: not applicable

Table 2: Intra-observer (whole slide imaging [WSI] vs. conventional light microscopy [CLM]) for the two observers and Inter-

observer agreement for CLM and WSI in the diagnosis of liver transplantation biopsies (n=64).
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Intra- Kappa Intra- Kappa Inter- Kappa Inter- Kappa
Diagnosis n observer value observer value observer value observer value
agreement (95% CI) agreement  (95% Cl) agreement (95% Cl) agreement (95% CI)
Observer 1 Observer 2 CLM WSI
Mild changes 23 95.3 0.9 92.2 0.8 93.7 0.9 90.6 0.8
(0.8-1) (0.7-1) (0.7-1) (0.6-1)
Autoimmune hepatitis 2 100 1 100 1 100 1 100 1
(NA) (NA) (NA) (NA)
Steatohepatitis 1 100 1 100 1 98.4 7 98.4 0.7
(NA) (NA) (0.0-1) (0.0-1)
Chronic hepatitis * 20 100 1 100 1 100 1 100 1
(NA) (NA) (NA) (NA)
Acute cellular 15 95.3 0.9 89.1 0.7 90.6 0.7 93.7 0.8
rejection (0.7-1) (0.5-0.9) (0.6-0.9) (0.7-1)
Chronic rejection 1 100 1 100 1 100 1 100 1
(NA) (NA) (NA) (NA)
Other lesions * 2 100 1 100 1 100 1 100 1
(NA) (NA) (NA) (NA)

95%Cl: 95% confidence interval; NA: not applicable; * hepatitis C virus reinfection; # Includes one case of preservation injury and
one insufficient biopsy
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Table 3: Intra-observer (whole slide imaging [WSI] vs. conventional light microscopy [CLM]) for the two observers and Inter-

observer agreement for CLM and WSI in the evaluation of major histological changes in the native livers (n=112).

Histological feature Intra-observer  Kappa Intra-observer Kappa Inter-observer Kappa Inter-observer Kappa
agreement value agreement value agreement value agreement value
Observer 1 (95% CI) Observer 2 (95% CI) CLM (95% CI) WSI (95% CI)
Fibrosis * 90.9 0.8 92.6 0.9 82.9 0.7 90.3 0.8
(0.8-0.9) (0.8-0.9) (0.6-0.9) (0.8-0.9)
Steatosis * 91.1 0.9 990.1 1 92.9 0.9 92.0 0.9
(0.8-0.9) (NA) (0.8-1) (0.8-0.9)
Liver cell ballooning & 98.2 0.9 100 1 96.4 0.9 98.2 0.9
(0.9-1) (NA) (0.8-1) (0.9-1)
Mallory-Denk bodies & 98.2 0.9 99.5 1.0 97.3 0.9 100 1
(0.8-1) (0.9-1.0) (0.7-1) (NA)
Portal/peri-portal 92.9 0.8 92.0 0.8 78.6 0.5 84.8 0.6
inflammatory activity and (0.6-0.9) (0.7-0.9) (0.3-0.6) (0.5-0.8)
necrosis
Lobular necrosis and 96.4 0.9 93.7 0.9 87.5 0.7 86.6 0.7
inflammatory activity *~ (0.8-1) (0.7-1.0) (0.5-0.8) (0.5-0.8)

95%Cl: 95% confidence interval; * Graded on a 0-4 scale; ” Graded on a 0-3 scale; * Evaluated as absent or present; ** Portal/peri-portal

inflammatory activity and necrosis and lobular necrosis and inflammatory activity were evaluated only in the cases with a diagnosis of
cirrhosis (n=19) and chronic hepatitis (14 in native livers and 20 in transplanted livers)



Saco et al. Validation of WSI in liver biopsy. 27

Table 4: Intra-observer (whole slide imaging [WSI] vs. conventional light microscopy [CLM]) for the two observers and Inter-

observer agreement for CLM and WSI in the evaluation of the main histological features in the transplanted livers (n=64).

Histological Intra-observer Kappa Intra-observer Kappa Inter-observer Kappa Inter-observer Kappa
feature agreement value agreement value agreement value agreement value
Observer 1 (95% CI) Observer 2 (95% ClI) CLM (95% ClI) WSI (95% ClI)
Portal 1
. . 100 90.6 0.8 85.9 0.7 95.3 0.9
inflammation (NA) ' (0.6-0.9) ' (0.5-0.9) ' (0.8-1)
Cholangiti 96.9 09 1 0.9 0.8
olangitis . : :
J (0.8-1) 98.4 (0.9-1) 9.3 (0.7-1) 92.2 (0.6-1)
Endotheliti 96.9 09 0.8 0.8 0.9
ndothelitis : : : :
(0.8-1) 93.7 (0.8-1) 93.7 (0.7-1) 95.3 (0.7-1)

95%Cl: 95% confidence interval; All features were graded on a 0-3 scale.
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