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Abstract
The gold standard for enrollment and endpoint assessment in metabolic dysfunction-associated steatosis clinical trials is
histologic assessment of a liver biopsy performed on glass slides. However, obtaining the evaluations from several expert
pathologists on glass is challenging, as shipping the slides around the country or around the world is time-consuming
and comes with the hazards of slide breakage. This study demonstrated that pathologic assessment of disease activity
in steatohepatitis, performed using digital images on the AISight whole slide image management system, yields results
that are comparable to those obtained using glass slides. The accuracy of scoring for steatohepatitis (nonalcoholic fatty
liver disease activity score ≥4 with ≥1 for each feature and absence of atypical features suggestive of other liver disease)
performed on the system was evaluated against scoring conducted on glass slides. Both methods were assessed for
overall percent agreement with a consensus “ground truth” score (defined as the median score of a panel of three
pathologists’ glass slides). Each case was also read by three different pathologists, once on glass and once digitally with
a minimum 2-week washout period between the modalities. It was demonstrated that the average agreement across
three pathologists of digital scoring with ground truth was noninferior to the average agreement of glass scoring with
ground truth [noninferiority margin: �0.05; difference: �0.001; 95% CI: (�0.027, 0.026); and p < 0.0001]. For each
pathologist, there was a similar average agreement of digital and glass reads with glass ground truth (pathologist A,
0.843 and 0.849; pathologist B, 0.633 and 0.605; and pathologist C, 0.755 and 0.780). Here, we demonstrate that the
accuracy of digital reads for steatohepatitis using digital images is equivalent to glass reads in the context of a clinical
trial for scoring using the Clinical Research Network scoring system.
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Introduction

Metabolic dysfunction-associated steatotic liver disease
(MASLD; formerly referred to as nonalcoholic fatty

liver disease) is rising in prevalence globally, with an
estimated 25% of the world’s population affected [1].
Due to this increased burden of disease, liver decompen-
sation due to the progression of metabolic-associated
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steatohepatitis (MASH; formerly referred to as
nonalcoholic steatohepatitis or NASH) is the leading
cause of liver transplant in women [2] and expected to
become the overall leading cause of liver transplant [3].
There are currently no approved therapies for MASH,
and there is a large unmet need for clinical interven-
tion in this patient population. Many clinical trials are
ongoing to identify therapies for MASH, with com-
posite score-based changes in histologic features, as
the primary endpoint for accelerated or conditional
approval. The MASH Clinical Research Network
(CRN) scoring system [4] is utilized for enrollment
and composite score primary endpoint criteria recom-
mended by the European Medicine Agency and US
Food and Drug Administration (FDA) [5–7] but is
subject to high inter- and intrareader variability. Lack
of standardization, consistency, and bias present dur-
ing enrollment and follow-up timepoints may cause
potentially effective therapies to fail in phase 2b or
3 trials. Due to the significant variation between expert
pathologists, regulatory bodies are recommending multi-
ple, or consensus, reads to reduce individual bias and
increase quality and consistency [8–10]. However,
obtaining the evaluations from several expert patholo-
gists for the same participant on glass slides to meet
enrollment windows and during follow-up time point
reads is challenging, as shipping the slides around the
country or in some cases around the world is time-
consuming and comes with the hazards of slide break-
age during the shipment.
Currently, the practice of pathology is increasingly

adopting and incorporating digital pathology into clini-
cal workflows. Numerous studies have shown high
accuracy in providing primary diagnoses, on the cate-
gorical level, using whole slide images (WSIs) of glass
slides [11–21]. However, although the current gold
standard to establish the diagnosis of MASH is histo-
pathologic analysis of a liver biopsy, no studies have
been published to our knowledge to validate WSI for
MASH diagnosis. Importantly, no studies evaluate the
accuracy of histologic component scoring and specific
score-based enrollment criteria for the clinical trial
context of use, which moves beyond categorical diag-
nosis. Demonstration of equivalency to glass reads for
MASH clinical trials has also been a request from the
FDA [22]. The current gold standard to establish the
diagnosis of MASH is histopathologic analysis of a
liver biopsy. The diagnosis is established by the pres-
ence of a characteristic histologic pattern of ≥5%
hepatic steatosis, lobular inflammation, and hepatocel-
lular ballooning in the appropriate clinical setting and
provided other potential cases of metabolic-associated
liver disease such as significant alcohol intake have

been excluded. In 1999, a semiquantitative grading
and staging system to describe and unify the approach
of pathologists to the histopathologic lesions of
MASH was proposed by Brunt et al [23] and the
MASH CRN. A semiquantitative activity grade
(MASLD activity score or MAS) was assigned by a
combination of parameters including steatosis, lobular
inflammation, and hepatocyte ballooning. MAS ≥4 is
used in phase 2b and 3 clinical trials as a definition of
steatohepatitis for enrollment criteria [24–29].
Therefore, because the WSI image management sys-
tem (IMS) is utilized in the context of clinical trials,
we chose to define steatohepatitis as MAS ≥4 with a
score of ≥1 for each feature and absence of atypical
features suggestive of other liver disease, and we
evaluated the accuracy of digital reads compared to
glass slide reads by individual study readers com-
pared to an independent consensus ground truth
(GT). Importantly, as a secondary analysis, we deter-
mined linearly weighted kappa concordance for
intrareader, intermodality assessment of steatosis, lobu-
lar inflammation, hepatocellular ballooning, fibrosis, and
overall MAS. Exploratory analysis compared the score-
based accuracy of individually assessing steatosis, hepa-
tocellular ballooning, lobular inflammation, and
fibrosis for expert pathologist readers evaluating on
glass and digital compared to an independent consen-
sus GT. Per this context of use, a study population
was chosen which represents MASH trial screening
and enrolled populations from multiple, comple-
ted trials as well as commercially available clinical
non-MASH samples. This population was enriched
for borderline MASLD/steatohepatitis cases, along
with non-MASH cases, in order to thoroughly assess
the ability to use digital pathology as a surrogate for
glass reads in MASH trials. Importantly, College of
American Pathologists (CAP) recommendations for
validation design were considered and incorpo-
rated [30] but a larger sample size was chosen to
adequately power the study for the score-based
endpoint criteria and multiple study pathologists
were utilized, to account for the known intra-
and interrater variability. Additionally, although a
noninferiority design was chosen to assess the accu-
racy of the specific score-based inclusion criteria in
MASH trials, similar to many of the study designs
utilized for WSI image validation in FDA submis-
sions for primary diagnosis [31,32], secondary and
exploratory endpoints evaluate other measures of
accuracy on the individual histologic component
score level, as is crucial for the MASH trial context
of use, none of which has been described in the liter-
ature thus far.
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Materials and methods

Ethics
De-identified liver cases were obtained from a third-
party vendor and from completed clinical trials from
PathAI partners where proper ethical approval(s) were
obtained at the time of tissue collection/storage.
Additional consent was not obtained as the samples
were de-identified to this study, no protected health
information (PHI) was received by PathAI, and
the research involved no more than minimal risk to
subjects. This study received a waiver of consent and
expedited approval from WCG™ Institutional Review
Board (IRB00000533).

WSI image management system
The AISight Clinical Trials platform (v3.3.1) is a
Good Clinical Practice (GCP) compliant research use-
only cloud-based WSI IMS that serves as an interface
for viewing WSIs (Figure 1). System configurability
allows for maximum flexibility in leveraging digital
pathology to improve subject outcomes in clinical
research. All pathologists performing digital reads in

this study were trained on the use of the system and
completed practice cases prior to the study start.
The WSI IMS is specifically designed for use in

clinical trials, all samples (including slide labels) are
de-identified by the trial Sponsor prior to sharing the
glass slides or images. No PHI is shared through
the WSI IMS. Each Sponsor has their own setup in
the system and can only access their own samples
and data.

Digital pathology IMS image handling
All WSIs are uploaded to the IMS and tiled image
pyramids in DZI format are generated. The tiles are
JPGs generated at 75% quality. The IMS can also do
color calibration to the viewer tiles by applying the
WSI’s International Color Consortium profile if it
exists. The color calibration is a customer configura-
tion setting and can be turned on or off depending on
the clinical trial needs.

Case selection and scanning
Existing de-identified glass slides from a third-party
vendor and from completed clinical trials (screen fail-
ures and enrolled cases) were utilized in this study.

Figure 1. The WSI IMS user interface. In the WSI IMS, the pathologist has access to the cases (each case consisting of an H&E and
Masson’s trichrome) where they can review the slides, move around the slide, zoom in and out, and finally enter their scores.
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Each case in this study had two slides – H&E and
Masson’s trichrome. Slides were first scanned at a sin-
gle CAP-accredited, Clinical Laboratory Improvement
Amendments-certified lab on a Leica Aperio AT2
scanner (scanner outputs are .svs files) at �40 magnifi-
cation, uploaded to WSI IMS via Amazon Web
Services S3 bucket after image quality control and
then distributed for glass reads.
The slide set consisted of 160 cases from liver nee-

dle biopsies. Two-thirds of the cases were chosen from
patients with steatohepatitis (defined as MAS ≥4 with
a score of ≥1 for each feature and absence of atypical
features suggestive of other liver disease) based on
the original trial central pathology scores, and the
remaining one of three was from MASLD and other
liver disorders encountered during clinical trial screen-
ing and follow-up timepoints (for inclusion of atypical
features suggestive of other liver diseases). Based on
the original trial individual central pathologist scores,
5–10% of the 160 cases were chosen to be diagnosti-
cally challenging or borderline steatohepatitis. This
borderline category was defined as MAS ≥4 with a
score of 0 for at least one of the histologic features
(steatosis, lobular inflammation, and hepatocellular
ballooning), MAS = 4 with a score of ≥1 for each of
the features or MAS = 3. For glass reads, the 160 cases
were split into three batches and the pathologists read
one batch at a time (all WSIs read first, and glass
slides read after a minimum of 2-week washout).

Pathologists’ reads
Overall, six board-certified pathologists who have
demonstrated proficiency in reading steatohepatitis
cases, have liver subspecialty experience and sign-out
MASH cases in their clinical practice participated in
this study (three for GT and three for study glass and
WSI reads). All pathologists were trained on the study
protocol prior to the study start.

The GT reads were collected on glass slides using
a light microscope by a group of three pathologists.
Each of these pathologists read 160 cases on
glass once.
A different set of three pathologists performed the

study reads. They read all cases twice, first utilizing
WSIs on the WSI IMS and after a 2-week washout, on
glass slides with light microscopy (Figure 2).

Statistics and bioinformatics
The primary endpoint was to evaluate for noninferior
overall percent agreement (OPA) of individual pathol-
ogist’s steatohepatitis evaluation (defined as MAS ≥4
with a score of ≥1 for each feature and absence of
atypical features suggestive of other liver disease) on
the WSI with glass GT compared to the OPA of their
glass reads with glass GT with a 0.05 noninferiority
margin. Bootstrap 95% confidence intervals and p values
were also computed. The 0.05 noninferiority margin
utilized in this study was chosen based on those WSI
platform validations for primary diagnosis, where a
noninferiority margin of 0.04 is often used [12,13].
Although inter- and intrareader variability is higher in
a complex condition like steatohepatitis, a challenging
noninferiority margin of 0.05 was chosen as the pri-
mary endpoint.
The glass GT consensus score was determined as

the mode if at least two of three pathologists were in
agreement. If there was no agreement, the GT was
considered to be the median of all three scores.
Additionally, the majority of the three GT patholo-
gists’ responses were used to assess the presence of
atypical features.
The GT median scores were computed using the

following method:

• For scores
� If the median for the scores was an integer, that

was the final score.

Figure 2. Study design. The study design is noninferior overall percent agreement (OPA) of individual pathologist’s steatohepatitis
evaluation (defined as MAS > 4 with a score of >1 for each feature and absence of atypical features suggestive of other liver disease)
on the WSI with glass GT as compared to the OPA of their glass reads with glass GT with a 0.05 noninferiority margin.
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� If the median for the scores was not an integer,
analysis was performed with rounding up a score/
stage, then again rounding down a score/stage,
and the average of the two was used.

• For presence of atypical features (yes/no/sample not
evaluable)
� If at least two GT pathologists agreed, that was

the final answer.
� If at least two GT pathologists did not agree,

analysis was performed with the answer yes, then
again with the answer as no, and the average of
the two was used.

In any case where two of the three glass GT pathol-
ogists indicated either H&E or Masson’s trichrome
slide was not evaluable for scoring, the whole case
was removed from data analysis and if possible, was
replaced with a new case, which fulfilled the target
inclusion criteria. Eighteen cases were deemed inade-
quate by the GT panel and 17 of the cases were
replaced. If a study pathologist indicated that any slide
(either H&E or Masson’s trichrome) was not adequate
for scoring, that slide was removed from data analysis
for that pathologist only.
The secondary endpoint consisted of study patholo-

gist scores for the three steatohepatitis features, CRN
fibrosis, and the overall MAS score between WSI and
glass read. This endpoint was evaluated as follows:
Linearly weighted kappa concordance statistics
between glass and WSI read for each of the patholo-
gists (intrapathologist and intermodality), each of the
four histologic features, and overall MAS score.
Overall, linearly weighted kappa was computed for
each feature and overall MAS score by averaging the
weighted kappa for the three pathologists. Bootstrap
95% confidence intervals are provided on the overall
linearly weighted kappa. These concordance estimates
are compared to the published range in Table 1. These
analyses are based on observed data.
The exploratory endpoint determined overall

weighted kappas for steatosis, hepatocellular balloon-
ing, lobular inflammation fibrosis, and MAS for WSI
with glass GT as compared to the weighted kappas for
glass reads with glass GT.

Determination of sample size
The 2022 CAP updated guidance for validating WSI
systems [30] for pathology applications recommends
using a sample set of at least 60 cases, based on evi-
dence from 33 publications reviewed. Based on these
33 studies, CAP also recommends that the ideal vali-
dation study endpoint is 95% intrarater diagnostic

concordance between digital and glass slides. However,
they note that noninferiority design is also acceptable.
Therefore, with known substantial interrater variability
in MASH scoring and diagnosis, a noninferiority
design was determined to be more appropriate for the
MASH trial population than a direct comparison of
agreement between glass and digital reads. A sample
size of 160 slides was selected based on a combination
of a priori calculations and practical factors mentioned
above to provide a degree of precision around the esti-
mates and to account for not evaluable slides, and any
incidental breakage of glass slides.

Results

One hundred fifty-nine cases were enrolled in the
study by three GT pathologists by reading glass
slides using a light microscope. The distribution of
slides based on slide-level score from glass GT is
listed in Table 2. Based on the study glass GT, the
slide set included 38.9% of cases that met the defini-
tion for challenging, borderline cases (defined as
MAS ≥4 with a score of 0 for at least one of the
features, MAS = 4 with a score of ≥1 for each of the
features or MAS = 3).
Overall, the three study pathologists indicated the

presence of atypical features 57 times, and, for 40 of
these, the categorization was identical on glass and on
WSI. For the discrepant cases, the WSI agreed with
the GT 10 times, and glass agreed with GT six times
(list of atypical features in supplementary material,
Table S1).

Table 1. Reference kappa scores for intrareader variability

Feature Publication
Intrareader variability
(weighted kappa scores)

Steatosis Kleiner et al [4] 0.83
Gawrieh et al [33] 0.72 (pre)* and 0.75 (post)*
Davison et al [34] 0.666

Lobular
inflammation

Kleiner et al [4] 0.60
Gawrieh et al [33] 0.37 (pre)* and 0.48 (post)*
Davison et al [34] 0.227

Hepatocellular
ballooning

Kleiner et al [4] 0.66
Gawrieh et al [33] 0.32 (pre)* and 0.56 (post)*
Davison et al [34] 0.487

CRN fibrosis stage Kleiner et al [4] 0.85
Gawrieh et al [33] 0.64 (pre)* and 0.75 (post)*
Davison et al [34] 0.679

MAS Davison et al [34] 0.372

*Pathologists in this study read slides before and after an intervention. The
intervention consisted of review of illustrative histologic images of MASLD
with the study pathologists and use of scoring sheet with written diagnostic
criteria for different MASLD phenotypes.
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The OPA for steatohepatitis was 74.3% (95% CI,
70.0%, 78.8%) for WSI versus GT and 74.5% for
glass versus GT (Table 3). These results are in line
with the published MASH diagnosis values in Davison
et al [34], where the % agreement ranged from 69.5%
to 81.4%. However, the primary endpoint in this study
compares the average single reader agreement with a
consensus read (three pathologists), whereas Davison
et al [34] illustrate average individual-to-individual
(pairwise) agreements.
The acceptance criteria for noninferiority (with

a margin of 0.05) agreement for steatohepatitis

evaluations between reads on WSI and glass GT
compared to reads on glass and glass GT was met with
a difference of �0.001 (95% CI, �0.027, 0.026;
p < 0.0001; Table 3). Additionally, in the worst-case
scenario that is compatible with the observed data
(WSI versus GT CI lower bound = 0.700 and glass
versus GT CI lower bound = 0.703), the digital
method is at most 3% worse than glass.
Weighted kappas between WSI read and glass read

for each steatohepatitis feature (Table 4) overall were
determined (intrareader and intermodality). For each
histologic feature, the overall weighted kappas were
higher than the published values (Table 1). Average
weighted kappas between WSI read and glass GT com-
pared to glass read and glass GT for each steatohepatitis
feature and CRN fibrosis (Table 5) were determined. For
steatosis, the weighted kappas for WSI versus GT were
0.58 (95% CI, 0.505, 0.64) and glass versus GT 0.593
(0.519, 0.655); for lobular inflammation, the weighted
kappas for WSI versus GT were 0.367 (0.3, 0.432) and
glass versus GT 0.38 (0.315, 0.445); for hepatocellular
ballooning, the weighted kappas for WSI versus GT
were 0.537 (0.457, 0.608) and glass versus GT 0.522
(0.435, 0.595); and for fibrosis, the weighted kappas for
WSI versus GT were 0.64 (0.574, 0.695) and glass
versus GT 0.525 (0.473, 0.571). All these results are
similar or slightly higher than previously published
results (0.609, 0.328, 0.517, and 0.484 for steatosis,
lobular inflammation, hepatocellular ballooning, and
fibrosis, respectively). Weighed kappas between WSI
reads and glass reads per histologic feature by patholo-
gist are shown in supplementary material, Table S2.
OPA for steatohepatitis evaluations between reads

on WSI and glass GT compared to reads on glass
and glass GT were similar for all three pathologists
(Table 6). For pathologist A, the difference between
WSI reads and glass GT versus glass reads and glass
GT was �0.006 (95% CI, �0.031, 0.0196). For
pathologist B, the difference between WSI reads
and glass GT versus glass reads and glass GT was
0.0278 (95% CI, �0.034, 0.089) and the difference for
pathologist C was �0.025 (95% CI, �0.069, 0.016).

Table 2. Distribution of slides based on glass ground truth (GT)

Feature Score

% (n)

N = 159

Steatosis 0 8.2 (13)
1 32.7 (52)
2 30.2 (48)
3 28.9 (46)

Inflammation 0 1.9 (3)
1 62.3 (99)
2 34.0 (54)
3 1.9 (3)

Ballooning 0 22.6 (36)
1 56.6 (90)
2 20.8 (33)

MAS 0 0.6 (1)
1 6.3 (10)
2 10.1 (16)
3 19.5 (31)
4 2.5 (4)

4, all features have
a score of at least 1

17.0 (27)

5 22.6 (36)
6 12.6 (20)
7 8.2 (13)
8 0.6 (1)

Fibrosis 0 6.9 (11)
0.5* 0.6 (1)
1 27.7 (44)
2 28.9 (46)
3 28.3 (45)
4 7.5 (12)

*Fibrosis stage is 0.5 because median stages for all three GT pathologists
were used.

Table 3. Primary endpoint: overall percent agreement (OPA)
between reads on WSI and glass ground truth (GT) versus reads
on glass and glass GT (outlined in Figure 2)

Modality N
Agreement

rate (95% CI)
Difference
(95% CI) p value

WSI versus
GT

159 0.743 (0.7, 0.788) �0.001
(�0.027, 0.026)

<0.0001

Glass versus
GT

159 0.745 (0.703, 0.786)

Table 4. Average weighted kappa between WSI reads and glass
reads per histologic feature (intrareader and intermodality)

Feature N
Weighted kappa

(95% CI), glass to WSI

Steatosis 159 0.882 (0.844, 0.916)
Inflammation 159 0.761 (0.707, 0.809)
Ballooning 159 0.788 (0.732, 0.835)
Fibrosis 159 0.872 (0.837, 0.901)
MAS 159 0.795 (0.76, 0.825)
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The number of discrepant reads between glass and
WSI for pathologists A, B, and C were 6, 24, and
14 cases, respectively. The percentage of agreement
for these discrepant cases for WSI versus GT and glass
versus GT, respectively, was, for pathologist A,
40% and 60%; for pathologist B, 59% and 41%; and
for pathologist C, 33% and 67% (list of discrepant
cases in supplementary material, Table S3).
Difficulty of case reads per feature on WSI and on

glass was determined by dividing cases into easy
(all three pathologists agreed on the score), medium
(two of the three pathologists agreed on the score),
and hard (all three pathologists disagreed on a
score). For steatosis, the agreement rate on case dif-
ficulty between glass and WSI was 81.9% and there
were no cases that were classified as easy on glass
and difficult on WSI or vice versa (Figure 3A). For
lobular inflammation, the agreement rate on case dif-
ficulty between glass and WSI was 67.8%, and there
was one case classified as hard on WSI and easy on
glass. There were no cases that were classified as
easy on WSI and hard on glass (Figure 3B). For
hepatocellular ballooning, the agreement rate on
case difficulty between glass and WSI was 76.2%

and there was one case classified as hard on glass
and easy on WSI. There were no cases classified as
easy on glass and hard on WSI (Figure 3C). For
fibrosis, the agreement rate on case difficulty
between glass and WSI was 72.3% and there was
one case on each WSI and glass classified as easy
with one modality and hard with the other modality
(Figure 3D).

Discussion

Due to the challenges with a lack of standardization
and consistency in scoring these four different histo-
logic components, all of which comprise a composite
score which plays a crucial role in determining
whether a patient is enrolled in a MASH study and
whether a drug candidate has been effective, there is
an urgent, unmet need in providing tools that can
help solve these issues for such a prevalent disease with
very limited treatment options. Currently, a multiple
pathologist-derived consensus score is the gold stan-
dard employed in MASH trials, with the goal of reduc-
ing error and providing a more precise, standardized
score. However, this consensus approach is burden-
some, especially with challenging enrollment win-
dows. The use of a cloud-based WSI IMS with a
highly configurable, GCP compliant data capture sys-
tem can reduce this burden and allow for MASH
experts around the world to efficiently participate in
this consensus. Before these systems and additional
tools, such as AI-assistive algorithms, can be used by
pathologists in a trial, equivalence to glass reads must
be established [22]. This WSI IMS validation study
demonstrates that the accuracy of steatohepatitis digital
reads on the WSI IMS is equivalent to reads perfor-
med with traditional light microscopy with glass
slides, specifically for the MASH trial context of use.
Additionally, the agreement between WSI and glass

Table 5. Average weighted kappa between individual reads on
WSI and glass ground truth (GT) versus individual pathologist
reads on glass and glass GT (outlined in Figure 2) for each
histologic feature

Feature Modality N
Average weighted
kappa (95% CI)

Steatosis WSI versus GT 159 0.58 (0.505, 0.64)
Glass versus GT 159 0.593 (0.519, 0.655)

Inflammation WSI versus GT 159 0.367 (0.3, 0.432)
Glass versus GT 159 0.38 (0.315, 0.445)

Ballooning WSI versus GT 159 0.537 (0.457, 0.608)
Glass versus GT 159 0.522 (0.435, 0.595)

Fibrosis WSI versus GT 159 0.64 (0.574, 0.695)
Glass versus GT 159 0.604 (0.536, 0.662)

MAS WSI versus GT 159 0.527 (0.476, 0.573)
Glass versus GT 159 0.525 (0.473, 0.571)

Table 6. Overall percent agreement (OPA) between reads on WSI and glass ground truth (GT) versus reads on glass and glass GT by
individual pathologist

Pathologist
Pathologist overall

experience*
Pathologist WSI
experience† Modality N

Agreement
rate (95% CI) Difference (95% CI)

A 5 years 4 years WSI versus GT 159 0.843 (0.786, 0.899) �0.006 (�0.031, 0.019)
Glass versus GT 159 0.849 (0.792, 0.906)

B 20 years 8 years WSI versus GT 158 0.633 (0.56, 0.707) 0.0278 (�0.034, 0.089)
Glass versus GT 157 0.605 (0.529, 0.679)

C 2 years 6 years WSI versus GT 159 0.755 (0.686, 0.824) �0.025 (�0.069, 0.016)
Glass versus GT 159 0.780 (0.711, 0.843)

*Experience since fellowship.
†Includes WSI experience prior to fellowship completion.
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GT reads versus glass and glass GT reads was shown
to be similar for each individual participating pathologist.
The use of a digital pathology platform facilitates mul-
tiple independent pathologists’ reads in parallel and in
consensus sessions, as is now commonly performed
for MASH trials and recommended by the FDA
[8–10]. This study design and these results are in line
with studies performed for primary diagnoses by
Leica [13] and Philips [12], despite this study
dataset being enriched with borderline cases (Table 2)
and considering the additional score-based requirements,
demonstrating a significant noninferior OPA of
steatohepatitis assessment between average individual
WSI and GT reads versus average individual glass and

GT reads [NI margin: 0.05; difference: �0.001; 95%
CI: (�0.027, 0.026); and p < 0.0001; Table 3].
Additionally, the OPA between WSI and GT reads
versus glass and GT reads were shown to be similar
for each individual participating pathologist. Average
intrareader, intermodality weighted kappas for each
histologic score feature in this study were higher than
weighted kappas in published literature (Table 1).
Varying level of intrareader agreement was observed
per pathologist per histologic feature, which is
expected, as a wide range of intrareader weighted
kappas have been demonstrated in the literature
[4,33,34]. Importantly, results from all three patholo-
gists were within the published ranges for intrareader

Figure 3. Comparison of easy, medium, and hard cases for glass and WSI reads. All cases in the study were divided into hard, medium,
and easy based on pathologist agreement. Easy cases were defined as cases where all study pathologists agreed on the component score,
medium cases as cases where two of three pathologists agreed on a score, and hard cases where all study pathologists disagreed on the
component score. (A–D) Contingency tables of easy, medium, and hard cases for each of the categories (steatosis, inflammation,
ballooning, and fibrosis). (E) An example of an easy H&E slide (all three study pathologists agreed on a score for each component).
(F) An example of a medium/hard H&E slide (all 2/3 or 3/3 study pathologists disagreed on a score). (G) An example of an easy Masson’s
trichrome slide (all three study pathologists agreed on a score for each component). (H) An example of a medium/hard Masson’s
trichrome slide (all 2/3 or 3/3 study pathologists disagreed on a score).
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weighted kappas, with two of the three pathologists
exceeding the published average weighted kappas for
all four histologic features and all three pathologists
exceeding the weighted kappa for overall MAS score.
However, it is important to note key differences between
the gold standard reference studies (e.g. Kleiner et al [4])
and this study dataset, which comprises a larger sample
size and an interventional trial population versus the
smaller, non-interventional clinical dataset examined in
the Kleiner paper; additionally, the Kleiner study results
do not specify individual intrapathologist values or confi-
dence intervals.
To ensure that the platform was validated across

steatohepatitis spectrum, the target study population
was intended to be enriched with 5–10% challenging
or borderline steatohepatitis cases (defined as MAS ≥4
with a score of 0 for at least one of the features,
MAS = 4 with a score of ≥1 for each of the features
or MAS = 3). Previously collected single central
pathologist scores were used during study enrollment;
however, based on the final study consensus GT,
around 40% of the cases met the definition of being
borderline or challenging. The observed difference in
target versus actual percent challenging enrichment is
consistent with published literature describing inter-
pathologist agreement rates for MAS of approximately
only 30% [34]. This level of enrichment contrasts with
primary diagnosis studies where only around 5% of the
cases included were considered to be borderline and/or
challenging, and only major discordances in categorical
diagnoses were counted toward disagreement rates,
whereas any histologic feature score discrepancy was
considered here. However, even with �40% challenging
cases in this study, the 0.05 noninferiority margin was
met. Overall, the diverse analyses performed here on the
categorical diagnostic, individual component score, and
composite score levels, provide strong evidence that indi-
vidual pathologists can achieve equivalent levels of per-
formance using this WSI IMS as they can using glass
slides for MASH trial evaluations.
The cases read on WSI and glass were also catego-

rized as easy (all three study pathologists agreed),
medium (two of three pathologists agreed), or hard (all
disagreed) (Figure 3). For the most components, agree-
ment and disagreement were balanced around the
agreement levels. In a couple of scenarios, glass con-
sidered more cases as hard than WSI and, in other
scenarios, the reverse was true. However, these situa-
tions are to be expected, especially for inflammation
and ballooning, where both inter- and intrareader
agreements are quite low. For example, intrareader/
intermodality agreements shown in Table 4 show that,
on average, readers are the least consistent with

inflammation scoring, and this is the same observation
noted in the literature. These inconsistencies would
lead to different levels of agreement, independent of
those due to the modality (glass or WSI).
One possible limitation of the study includes the

read order for the WSI and glass slides. Here, for
study reads, digital slides were read before glass slides
due to workflow and timeline constraints. We recog-
nize that this is not ideal; however, we believe that the
potential for bias that this introduces is minimal, given
there is a sufficient wash-out period [30] between
reads, the large sample size, and given the known
intrareader variability in scoring, especially in a popu-
lation so enriched for borderline cases.
The results from this validation study support the

conclusion that the WSI IMS platform is equivalent to
the glass read in reference to a robust glass GT when
used by pathologists to evaluate steatohepatitis trial
populations for diagnosis and trial-based scoring
criteria and histologic feature scoring during enroll-
ment and for follow-up timepoints. This IMS, along
with the Leica AT2 WSI scanner, can therefore be
utilized for individual and consensus steatohepatitis
reads in clinical trials. The IMS and workflow pres-
ented here were designed specifically for use in clin-
ical trials, utilizing a robust design with MASH
trial-specific endpoints in a challenging study popu-
lation, representative of both screened and enrolled patient
samples. Incorporating an IMS with GCP-compliant and
configurable data report forms into clinical trial workflows
makes trial management more efficient, improves upon
data integrity, allows for multiple reads in parallel, and
provides opportunities to utilize the most experienced
pathologists on reader panels as geographic location is
no longer a limiting factor for selecting pathologists or
shipping glass slides. Utilization of an IMS platform
will allow pathologists from all over the world to work
on the same cases simultaneously and provide their
results within hours of slide upload, shortening trial
enrollment timelines while allowing for accurate, gold-
standard assessments. Additionally, other tools such as
annotation and measurement tools can facilitate and
add to the consensus experience. The details of how a
WSI IMS will be utilized in trials as a part of the end-
to-end, tissue-to-reporting trial read-out should be
documented in a trial protocol and/or related documen-
tation as outlined in the 2021 SPIRIT-Path extension
guidelines [35], and this validation work can now be
referenced. Finally, with the crucial foundation of this
validation evidence, which established glass-to-WSI
equivalence specific to the MASH trial use case, assis-
tive AI-based tools can now be offered to pathologists
as a part of the trial IMS to help solve the challenge of
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lack of standardization in histologic scoring. The vali-
dation and establishment of glass-to-digital equiva-
lence for this specific context of us were a crucial first
step in a field, where there is an urgent need for histol-
ogy read standardization for enrollment and primary
endpoints. This approach can serve as a validation
framework for other challenging diagnostic areas, par-
ticularly in clinical trials where pathology plays an
important role and where multiple histologic features
are evaluated and/or assessed by score (e.g. inflamma-
tory bowel disease) [36,37].
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