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Abstract

Background and Aims: Artificial intelligence–powered digital pathology

offers the potential to quantify histological findings in a reproducible way.

This analysis compares the evaluation of histological features of NASH

between pathologists and a machine-learning (ML) pathology model.

Approach and Results: This post hoc analysis included data from a subset

of patients (n= 251) with biopsy-confirmed NASH and fibrosis stage F1–F3

from a 72-week randomized placebo-controlled trial of once-daily sub-

cutaneous semaglutide 0.1, 0.2, or 0.4 mg (NCT02970942). Biopsies at

baseline and week 72 were read by 2 pathologists. Digitized biopsy slides

were evaluated by PathAI’s NASH ML models to quantify changes in fibro-

sis, steatosis, inflammation, and hepatocyte ballooning using categorical

assessments and continuous scores. Pathologist and ML-derived categori-

cal assessments detected a significantly greater percentage of patients

achieving the primary endpoint of NASH resolution without worsening of

Abbreviations: AI, artificial intelligence; CRN, Clinical Research Network; FAS, full analysis set; ML, machine learning; NAS, nonalcoholic fatty liver disease
activity score.
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fibrosis with semaglutide 0.4 mg versus placebo (pathologist 58.5% vs.

22.0%, p < 0.0001; ML 36.9% vs. 11.9%; p= 0.0015). Both methods

detected a higher but nonsignificant percentage of patients on semaglutide

0.4 mg versus placebo achieving the secondary endpoint of liver fibrosis

improvement without NASH worsening. ML continuous scores detected

significant treatment-induced responses in histological features, including a

quantitative reduction in fibrosis with semaglutide 0.4 mg versus placebo

(p=0.0099) that could not be detected using pathologist or ML categorical

assessment.

Conclusions: ML categorical assessments reproduced pathologists’ results

of histological improvement with semaglutide for steatosis and disease

activity. ML-based continuous scores demonstrated an antifibrotic effect not

measured by conventional histopathology.

INTRODUCTION

Accurate assessment of NASH histopathological fea-
tures is essential for determining prognostic risk,
making disease management decisions, and measuring
response to therapeutic agents.[1,2] Pathologists’ review
of liver biopsy specimens is currently the reference
standard method for the diagnosis and staging of NASH
that is accepted by regulatory agencies.[3] It is therefore
used to assess inclusion in NASH therapeutic trials,
while histological changes are considered a reasonable
surrogate for clinical treatment benefit.[4] However, liver
histology assessment by pathologists comes with
caveats related to clinical experience and expertise,
definitions of histopathological features and their inter-
pretation by individuals or groups of pathologists, and
limitations of applying a categorical assessment system
to continuous variables.[1,2,5] Variation in the interpreta-
tion and assignment of categorical assessment can
lead to intraobserver or interobserver variability, which
can affect the assessment of NASH resolution, fibrosis
regression, and other relevant features according to
current guidelines.[1,3,6–8] Moreover, the limited dynamic
range of the current semiquantitative classifications
may not detect subtle changes in histological features.
Thus, there is an unmet need for additional methods for
objectively evaluating histological changes.

Artificial intelligence (AI) digital pathology tools have
shown promise in evaluating NASH liver biopsy
samples. They have the potential to support the
pathologists’ assessment by providing a quantitative
supplement to the qualitative and semiquantitative
pathology evaluation. They allow the quantification of
histological features as continuous measures—thus
enabling the measurement of granular levels of disease
progression or improvement that are not detectable
through categorical assessment.[9,10]

Machine learning (ML) is an AI application in which
computer systems can learn and adapt from experience
without explicit programming. It uses computer algo-
rithms to analyze and infer from patterns in data while
gradually improving in accuracy. The potential utility of
ML for liver histology has been explored in several
studies in patients with NASH.[10–13]

The current analysis evaluated liver biopsy samples
from a randomized, double-blind, phase II trial that
investigated the effect of semaglutide, a glucagon-like
peptide-1 receptor agonist, on histological resolution of
NASH in patients with biopsy-confirmed NASH and
fibrosis.[14] The aim of this post hoc analysis was to
compare the evaluation of key histological features of
NASH by 2 methods: the traditional independent evalua-
tion by expert liver pathologists and the ML-derived
pathology models. The level of agreement between the
2 methods was assessed. The specific objective was to
investigate if ML-derived quantitative assessments can
uncover histological changes otherwise not detected by
conventional histological assessment.

METHODS

Trial design

Details of this randomized, double-blind, placebo-
controlled, parallel-group trial (NCT02970942) have
been reported.[14] Briefly, 320 patients aged
18–75 years (20–75 years in Japan) with biopsy-
confirmed NASH, a fibrosis stage of 1–3, and non-
alcoholic fatty liver disease activity score (NAS) ≥ 4 with
stages/grades ≥1 for each subcomponent (steatosis,
hepatocyte ballooning, and lobular inflammation) were
randomized to receive once-daily s.c. semaglutide 0.1,
0.2, or 0.4 mg, or placebo for 72 weeks.
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Liver biopsies were obtained up to 21 weeks before
screening or during the screening period (ie, baseline)
and at week 72 of the study.

Processing of liver biopsies

Liver biopsy tissue sections on glass slides were stained
using hematoxylin and eosin and Masson’s trichrome
stains. This was primarily done at the central laboratory,
but some slides were stained locally. Digital scans of glass
slides were generated using an Aperio Digital Pathology
Slide Scanner (Leica Biosystems) at ×40 (4 slides were
scanned at ×20). Digital scanning was implemented in the
protocol after the trial started; therefore, only a subset of
251 patients had digitized slides at baseline.

Central pathologist evaluation

As part of the standard operating procedures for the
trial, stained glass histopathology slides from all
biopsies at baseline and week 72 were assessed by 2
expert liver pathologists. Biopsy slides were sent for
review throughout the study as they were performed;
pathologists were unaware of the treatment assign-
ments, patients’ characteristics, biopsy time point
(baseline or week 72), and the other pathologist’s
scores. A consensus score was reached based on a re-
review of scores, sections, and discussion, and this
score was used for data analysis in the trial and the
present post hoc analysis. NASH diagnosis was
confirmed and the NAS features were scored according
to the NASH Clinical Research Network (CRN) scoring
criteria[15]: steatosis (0–3), lobular inflammation (0–2),
and hepatocyte ballooning (0–2), with the sum of scores
yielding the NAS. Fibrosis was staged F0–F4.

PathAI’s NASH ML models

Details surrounding PathAI’s ML model development for
convolutional neural networks, graph neural networks,
and end-to-end models have been published.[10,16]

Further details on model development and the method-
ology of this analysis can be found in the Supplemental
Methods, http://links.lww.com/HEP/I172.

Data presented in this paper were analyzed during
September 2020 using the most up-to-date version of
the PathAI models available at that time.

Phase II and post hoc exploratory
endpoints

Analyses involving ML readouts were performed as post
hoc analyses and included the primary (NASH resolution

without worsening of fibrosis) and confirmatory secondary
(improvement in liver fibrosis of at least 1 stage with no
worsening in steatohepatitis) endpoints. The composite
primary and confirmatory secondary endpoints were
assessed in terms of the percentage of responders. The
individual histological components were assessed in terms
of percentage of responders and with ranked assessment
(categorized as worsening, improvement, or no change).
Further endpoints assessed by the ML models were
percent change (absolute change) from baseline to week
72 in the proportionate area of lobular inflammation,
steatosis, hepatocyte ballooning, liver collagen, and portal
inflammation; change from baseline to week 72 in ML-
derived continuous fibrosis score (0–4); and change from
baseline to week 72 in ML-derived categorical NASHCRN
fibrosis stage and grades of steatosis, lobular inflamma-
tion, and hepatocyte ballooning. In addition, the interagree-
ment variability between the ML model and pathologist
assessment (consensus grade/stage) of liver biopsies for
histological parameters was assessed.

Statistical methods

This post hoc analysis was performed on a subset of
the main study, consisting of all randomized patients
with F1–F3 fibrosis who had a digital liver biopsy slide at
baseline [full analysis set (FAS) for AI]; as slide
digitization was introduced after the trial had been
initiated, digitized baseline slides were not available for
all randomized patients. Changes in continuous mea-
sures were analyzed by ANCOVA with missing values
imputed from the placebo group. Binary endpoints were
assessed by Cochran–Mantel–Haenszel tests with
missing outcomes imputed as nonresponse. Interagree-
ment variability was evaluated based on descriptive
statistics and weighted kappa statistics for patients
having the same results based on ML and pathologist
evaluations for each of the histopathology components
(steatosis grade, lobular inflammation grade, hepato-
cyte ballooning grade, and fibrosis stage) overall and by
treatment group.

Evaluations were made at baseline and for the
change from baseline to week 72 outcome (improve-
ment, no change, worsening). The kappa statistics
were calculated using Cicchetti–Allison weights that
applied penalties depending on the magnitude of the
difference between results. Agreement levels based on
kappa statistics were interpreted as reported by Landis
and Koch.[17]

Ethics

Written informed consent was obtained from each
patient included in the study. The study protocol
conforms to the ethical guidelines of the 1975
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Declaration of Helsinki as reflected in a priori approval
by each institution’s human research committee. Fur-
ther information on ethical approval for the study can be
found in the Supplemental Materials, http://links.lww.
com/HEP/I173.

RESULTS

Patient disposition and biopsy availability

This post hoc analysis included a subset of patients with
digitized biopsy slides available. The FAS for AI
included a total of 251 patients who had baseline digital
slides of liver biopsies. For 3 patients all with available
hematoxylin and eosin–stained digitized slides at
week 72, the ML model was not able to assess the
NASH CRN scores for the steatosis grade, lobular
inflammation grade, or hepatocyte ballooning grade at
week 72. In addition, for 1 patient with available
trichrome-stained digitalized slides at week 72, the ML
model was not able to assess the liver collagen
proportionate area or the ML-based fibrosis stage. Four
slides were excluded from the analysis as they were
deemed of insufficient quality by pathologist review. No
quality checks other than what is built into the ML model
were performed.

The full disposition of patients’ liver biopsies and
digitized slides is shown in Figure 1.

Demographics and baseline characteristics

The mean age of the FAS for AI was 54.5 years, 61.0%
were women, and the mean baseline body weight was
99.0 kg. The mean body mass index was 36.0 kg/m2.
Approximately 64.1% had type 2 diabetes at baseline
[mean glycated hemoglobin (HbA1c) 7.4%]. The FAS for
AI was considered generally representative of the
overall trial population (Table 1).

By central pathologist evaluation, 44.6% of the FAS
for AI had fibrosis stage 3, 23.9% had stage 2, and

31.5% had stage 1 (Table 1). Patients with stage 0 or 4
were excluded as outlined in the Methods section.

ML-derived categorical assessment of the FAS for AI
determined that 3 patients had baseline fibrosis stage 0
and 11 had stage 4 (Supplemental Table S1A, http://
links.lww.com/HEP/I172). Some patients had ML-
derived categorical NASH CRN scores of 0 for steatosis
grade (n= 1, Supplemental Table S2A, http://links.lww.
com/HEP/I172), lobular inflammation grade (n= 10,
Supplemental Table S3A, http://links.lww.com/HEP/
I172), or hepatocyte ballooning grade (n= 10, Supple-
mental Table S4A, http://links.lww.com/HEP/I172).

Endpoints assessed by central pathologist
versus ML

As calculated from the consensus pathologist scores,
NASH resolution without fibrosis worsening was
achieved by significantly more patients receiving
semaglutide 0.4 mg (58.5%) compared with placebo
(22.0%; p= 0.0001) (Figure 2A). There was also a
significant difference for semaglutide 0.1 mg versus
placebo (46.3% vs. 22.0%, p= 0.0097), but not
semaglutide 0.2 mg versus placebo (33.3% vs. 22.0%,
p= 0.1561).

The proportion of patients achieving NASH resolution
without worsening of fibrosis was lower when
determined by the ML-derived categorical assessment
than by consensus pathologist score (no statistical
comparison between methods was performed); never-
theless, ML-derived categorical assessment still found a
significant difference between patients treated with
semaglutide 0.4 mg (36.9%) and those who received
placebo (11.9%; p=0.0015) (Figure 2B). ML-derived
categorical assessment also detected a dose-dependent
treatment response, with a greater percentage of patients
achieving NASH resolution without worsening of fibrosis in
the semaglutide 0.2 mg treatment arm relative to the
semaglutide 0.1 mg treatment arm.

Fibrosis stage improvement without NASH worsen-
ing, as assessed by the consensus pathologist scores,

F IGURE 1 Disposition of patients’ liver biopsies and digitized slides. The number of patients with digitized slides at both baseline and week 72
was 221. Only people with a baseline biopsy were included. Missing responses were imputed as nonresponse. aFor baseline biopsies, a substitute
pathologist evaluated 8 (2.5%) of the slides. bFour patients had a biopsy that was not centrally read as it was deemed to be of inadequate technical
quality by the central pathologist.cTrial completers with baseline biopsy data, but no biopsy was performed at week 72.
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was achieved by 43.1% of patients receiving semaglu-
tide 0.4 mg compared with 28.8% of patients receiving
placebo (p= 0.1913) (Figure 3A). There was no
significant difference between the semaglutide 0.1 or
0.2 mg groups and placebo for this endpoint. When
measured by ML-derived categorical assessment,
32.3% of patients receiving semaglutide 0.4 mg and
20.3% receiving placebo achieved liver fibrosis
improvement without NASH worsening (p=0.2036)
(Figure 3B); there were no significant differences
between the semaglutide 0.1 or 0.2 mg treatment
arms and placebo.

Ranked assessment of individual
endpoints by central pathologists versus
ML

Ranked assessment (either improvement, worsening,
or no change) of changes in individual histological
components from baseline to week 72 were assessed
by central pathologists and ML-derived categorical
assessment. Overall, results obtained via ML were
consistent with those obtained via pathologist assess-
ment. For both methods, a numerically higher propor-
tion of patients achieved an improvement in the fibrosis
stage with semaglutide 0.4 mg compared with placebo
(Figure 4).

Both pathologist and ML-derived categorical assess-
ments detected a higher proportion of patients with
improvement in steatosis grades and lobular inflammation
grade and a lower proportion with worsening of steatosis
grades and lobular inflammation grade with all semaglu-
tide doses compared with placebo (Supplemental Figure
S1, http://links.lww.com/HEP/I172 and Supplemental Fig-
ure S2, http://links.lww.com/HEP/I172).

While both pathologist and ML-derived categorical
assessments detected a higher proportion of patients
with an improvement in hepatocyte ballooning grade for
semaglutide versus placebo, a treatment benefit favor-
ing semaglutide versus placebo for worsening in
hepatocyte ballooning grade was detected by ML-
derived categorical assessment, but not pathologist
assessment (Supplemental Figure S3, http://links.lww.
com/HEP/I172).

Change in histological component as
measured by ML-derived continuous
scores

ML-derived continuous scores (ranging from 0 to 4)
detected significant treatment-induced responses in
histological features including fibrosis, steatosis, lobular
inflammation, portal inflammation, and hepatocellular
ballooning.

ML-derived continuous fibrosis scores detected a
statistically significant treatment-induced reduction in fibro-
sis in patients who received semaglutide 0.4 mg versus
those who received placebo (p=0.0099) (Figure 5).

The ML-derived mean fibrosis proportionate area
(analogous to the collagen proportionate area) was
numerically reduced in the semaglutide treatment
arms in a dose-dependent manner and increased in
the placebo treatment arm between baseline and
week 72 but did not reach statistical significance
(Figure 6).

Reductions in ML-derived mean steatosis proportion-
ate area showed a dose–response relationship, with the
greatest treatment difference in the semaglutide 0.4 mg

TABLE 1 Key demographic and baseline characteristics

Mean±SD or
n (%)

FAS for AI
(n= 251)

Full trial population
(N= 320)

Age (y) 54.5±10.6 55.0±10.6

Female 153 (61.0) 194 (60.6)

Body mass index
(kg/m2)

36.0±6.3 35.8±6.4

Body weight (kg) 99.0±20.9 98.4±21.7

Type 2 diabetes 161 (64.1) 199 (62.2)

HbA1c
a (%) 7.4±1.2 7.3±1.2

Fibrosis stageb

0 0 (0.0) 0 (0.0)

1 79 (31.5) 90 (28.1)

2 60 (23.9) 72 (22.5)

3 112 (44.6) 158 (49.4)

4 0 (0.0) 0 (0.0)

Hepatocyte ballooningb

0 0 (0.0) 0 (0.0)

1 175 (69.7) 218 (68.1)

2 76 (30.3) 102 (31.9)

Steatosisb

0 0 (0.0) 0 (0.0)

1 72 (28.7) 90 (28.1)

2 129 (51.4) 162 (50.6)

3 50 (19.9) 68 (21.3)

Lobular inflammationb

0 0 (0.0) 0 (0.0)

1 108 (43.0) 135 (42.2)

2 136 (54.2) 174 (54.4)

3 7 (2.8) 11 (3.4)

Total NASb

4 108 (43.0) 133 (41.6)

5 95 (37.8) 114 (35.6)

6 37 (14.7) 59 (18.4)

7 9 (3.6) 12 (3.8)

8 2 (0.8) 2 (0.6)

aPatients with type 2 diabetes.
bCentral pathologist evaluation.
Abbreviations: AI, artificial intelligence; FAS, full analysis set; HbA1c, glycated
hemoglobin; NAS, nonalcoholic fatty liver disease activity score.
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group [−11.27% vs. placebo (−0.59%; p < 0.0001)]
(Supplemental Figure S4, http://links.lww.com/HEP/I172).

Reductions in ML-derived mean lobular inflammation
proportionate area were statistically significantly greater
in all semaglutide treatment arms versus the placebo
arm (Supplemental Figure S5, http://links.lww.com/
HEP/I172).

The ML-derived mean portal inflammation proportion-
ate area was reduced in the semaglutide treatment arms
and increased in the placebo arm between baseline and
week 72 and was statistically significantly different
between semaglutide 0.4 mg and placebo (Supplemental
Figure S6, http://links.lww.com/HEP/I172).

Reductions in ML-derived mean hepatocyte balloon-
ing proportionate area were statistically significantly
greater in the semaglutide 0.2 and 0.4 mg treatment

arms versus placebo, with the greatest treatment
difference seen in the semaglutide 0.4 mg arm (−0.70
vs. −0.06 in the placebo arm) (Supplemental Figure S7,
http://links.lww.com/HEP/I172).

Concordance between central pathologist
and ML assessment

At baseline, the overall percentage agreement across
the NASH CRN scores between the ML and consensus
pathologist scores ranged from 49.8% to 71.8%.
Weighted kappa statistics were 0.62 for steatosis and
0.28–0.36 for fibrosis, lobular inflammation, and hepa-
tocyte ballooning (Table 2 and Supplemental Tables
S1–S4, http://links.lww.com/HEP/I172). Where there

F IGURE 2 Proportions of patients in the FAS (AI) population with NASH resolution without fibrosis worsening (primary endpoint) at week 72
as assessed by (A) pathologist evaluation and (B) ML evaluation. p values are 2-sided and taken from a Cochran–Mantel–Haenszel test stratified
by baseline diabetes status and baseline fibrosis stage. Patients with missing outcomes were imputed as nonresponders. Abbreviations: AI,
artificial intelligence; FAS, full analysis set; ML, machine learning; OD, once daily.
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was disagreement between the ML and consensus
pathology, the ML-derived categorical assessment
tended to be higher for all histological measurements
versus pathologist assessment.

The overall percentage agreement between the ML-
derived and consensus pathologist scores for the change
from baseline to week 72 across NASH CRN scores
ranged from 49.0% to 68.0% (Supplemental Tables S1–
S4, http://links.lww.com/HEP/I172). Weighted kappa sta-
tistics were 0.46 for steatosis and 0.22–0.39 for fibrosis,
lobular inflammation, and hepatocyte ballooning (Table 2).
For both fibrosis and steatosis, there was no apparent
trend for either of the methods of assessment to
consistently assess the change from baseline to week
72 (improvement, no change, worsening, missing) as
discordant compared with the other method of

assessment. For lobular inflammation, the ML model had
more tendency to determine changes as “improvement” as
opposed to “no change” when assessed by pathologists,
while the ML model for hepatocyte ballooning tended to
read a change as “no change” rather than “improvement”
when assessed by pathologists.

Scatter plots were generated to evaluate the
degree of correlation between ML-derived categorical
versus continuous histological parameters in baseline
slides (Supplemental Figure S8, http://links.lww.com/
HEP/I172), and for evaluating the degree of correlation
between the pathologist-derived categorical and
ML-derived continuous histological parameters (Sup-
plemental Figure S9, http://links.lww.com/HEP/I172). A
positive linear trend was observed for all assessed
parameters, indicating a moderate positive relationship

F IGURE 3 Proportions of patients in the FAS (AI) population with improvement in liver fibrosis of at least 1 stage with no worsening in
steatohepatitis (confirmatory secondary endpoint) at week 72. (A) Pathologist evaluation and (B) ML evaluation. p values are 2-sided and taken
from a Cochran–Mantel–Haenszel test stratified by baseline diabetes status and baseline fibrosis stage. Patients with missing outcomes were
imputed as nonresponders. Abbreviations: AI, artificial intelligence; FAS, full analysis set; ML, machine learning; OD, once daily.
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between baseline ML-derived categorical and continu-
ous histological parameters, and between consensus
pathologist-based categorical and ML-derived continu-
ous histological parameters.

DISCUSSION

In a post hoc analysis of a double-blind, phase II trial of
semaglutide versus placebo in patients with NASH,[14]

we used digitized images of the biopsy slides to explore
the ability of ML pathology models to detect histological
changes and identify any potential benefit over conven-
tional histological assessment, in the context of a

clinical trial. Our main findings are 2-fold. Firstly, we
were able to reproduce, using ML evaluations, the key
histological findings observed through pathologist eval-
uation. In particular, we confirmed a significant treat-
ment benefit of semaglutide 0.4 mg versus placebo for
the primary endpoint (resolution of steatohepatitis
without worsening of fibrosis), while benefits were also
observed for endpoints related to fibrosis, steatosis,
lobular inflammation, and hepatocyte ballooning
when assessed categorically using both methods.
Secondly, ML-derived continuous measurements
detected significant treatment responses in fibrosis,
steatosis, lobular inflammation, portal inflammation, and
hepatocellular ballooning, identifying a significant

F IGURE 4 Change in NASH CRN fibrosis stage between baseline and week 72 in FAS (AI)* population. (A) Pathologist assessment and (B)
ML assessment. *This figure does not include patients with missing biopsy data (n= 25 for pathologist assessment and n=31 for ML assessment).
Abbreviations: AI, artificial intelligence; CRN, Clinical Research Network; FAS, full analysis set; ML, machine learning; OD, once daily.
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reduction in fibrosis for semaglutide 0.4 mg versus
placebo that was not detected by categorical patholo-
gists nor ML-derived categorical evaluation. These
findings are important, as they could improve our ability
to detect drug-induced histological changes while using
automated methods that are less prone to contextual
variability.

Pathologist assessment of liver biopsy samples is
the current reference standard for the diagnosis and
assessment of NASH severity in both clinical practice
and clinical trials.[4] However, there are documented
challenges regarding the reproducibility of pathologist
assessment,[1,3,5–8] and there are still important limita-
tions to overcome: for example, the application of a
categorical evaluation system to continuous variables.
With the advent of advanced computer vision technol-
ogies for digital pathology applications, several ML
approaches for assessing disease severity from
whole slide images of NASH biopsies have been
developed.[10,11] While data from preliminary studies
have shown the potential of ML-based approaches for
detecting treatment responders and predicting disease
progression and clinical outcomes in patients with
NASH,[10,11,16] there is a clear need for further
investigation.

In this post hoc analysis, the agreement between the
ML-derived categorical assessment and the pathologist
evaluations at baseline, assessed using weighted
kappa statistics that accounted for the magnitude of
disagreement between the methods, ranged from 0.28
to 0.62 across the 4 parameters (fibrosis, steatosis,
lobular inflammation, and hepatocyte ballooning). The

greatest level of agreement was recorded for steatosis
(0.46–0.62), while agreement was below this range for
the remaining parameters. This agreement was lower
than has been observed between liver pathology
experts, who had moderate-to-excellent agreement for
the stage of fibrosis, steatosis, and hepatocyte balloon-
ing, reflecting the consistency of assessment when
performed by experienced pathologists.[1,3,15,18] The
agreement in this analysis is also lower than the
agreement measured for the same AI algorithms
against pathologist consensus scoring in other clinical
trial settings.[19] The higher variability between ML and
pathologists in this study may be a result of multiple
different factors, including the different analysis meth-
ods used by ML and pathologists to assess the
histological features, and the quality of the slides
impacting both ML and pathologist assessment. Gen-
erally, the ML-derived categorical assessment tended to
assess the baseline fibrosis stage and the grades for
steatosis, lobular inflammation, and hepatocyte bal-
looning higher than the pathologists’ scores at baseline.
The low concordance between pathologist and ML
staging of fibrosis may be partially explained by the fact
that reaching a pathologist consensus score can be
more challenging when fibrosis is less severe compared
with when it is more severe. Based on the study
inclusion criteria of fibrosis stage 1–3 and steatosis,
lobular inflammation, and hepatocyte ballooning grades
≥1,[14] a total of 14 enrolled patients would have failed
screening by ML-derived categorical assessment of
fibrosis stage, while the number of patients who would
have failed screening based on ML-derived categorical

F IGURE 5 Change from baseline to week 72 in fibrosis assessed using ML-derived continuous fibrosis scoring in the FAS (AI) population.
Mean changes from baseline were estimated from an ANCOVA with treatment, baseline diabetes status, baseline fibrosis stage, and diabetes-
by-fibrosis interaction as factors, and baseline body weight and baseline value of the analyzed parameter as covariates. ETDs with 95% CIs and
2-sided p values are from the same analysis. Missing data were imputed from the observed data in the placebo group using the same ANCOVA
model but without treatment as a factor. Abbreviations: AI, artificial intelligence; ETD, estimated treatment difference; FAS, full analysis set; ML,
machine learning; OD, once daily.
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assessment for steatosis, lobular inflammation, and
hepatocyte ballooning would have been 1, 10, and 10,
respectively.

For the clinical trial endpoints measured over
72 weeks, results were broadly similar across both ML
and pathologist evaluation; however, interesting differ-
ences were observed when comparing the 2 methods.
For example, for the primary endpoint of NASH
resolution without worsening of fibrosis, the percentage
of patients achieving the endpoint was lower when
assessed using ML evaluation versus pathologist
evaluation across all treatment groups. The reason for
this is unclear but may be partially explained by the
potential for downgrading of NAS components when
reaching a consensus score, or that the ML model has a
stricter threshold for assigning a “0” for histological
NASH features. The clinical significance of the
observed change in ML-derived continuous fibrosis
stage remains to be demonstrated. Studies have shown
that fibrosis progression and regression in patients with
NASH may take years to manifest in a way that can be
captured by categorical evaluation.[20] Subsequently, it
is possible that ML-derived continuous fibrosis staging
may have the potential to identify improvement in the
categorical stage earlier than changes that can be
identified by pathologist review.[21] However, further
investigation is required to analyze the reasons for
differences between AI and pathologist review, address

any evaluative bias, and examine how AI can best be
implemented in a clinical setting.

The present findings demonstrate not only the critical
importance of pathologists’ expertise and skill in
interpreting and applying the NASH CRN guidelines
but also the benefit of integrating ML approaches into
existing NASH clinical trial biopsy assessment work-
flows. AI-assisted pathologist evaluation in NASH
clinical trials has the potential to restrict the impact of
intra-rater and inter-rater variability using conventional
scoring schema while leveraging the medical knowl-
edge and expertise of NASH pathologists to ensure that
final decisions regarding disease severity are accurate
and appropriately contextualized. Several AI-assisted
pathology platforms have been proposed, ranging from
showing central pathologists ML-derived heatmaps
overlaying whole slide images that highlight (or “spot-
light”) features that are relevant to staging disease, to
providing ML-derived scores that central pathologists
would either accept or reject.[10,12,22] Others have
identified patterns of regression or progression of
fibrous septa.[1,23] Further studies should be conducted
to specifically characterize the ways in which AI tools
can be used to support pathologists in NASH clinical
trials, with a common goal of ensuring that physicians,
regulatory agencies, and drug developers are confident
that the eventual drugs that are prescribed to patients
with NASH are safe and effective.

F IGURE 6 Change from baseline to week 72 in ML-based liver collagen proportionate area assessed by ML in the FAS (AI) population. Mean
changes from baseline were estimated from an ANCOVA with treatment, baseline diabetes status, baseline fibrosis stage, and diabetes-
by-fibrosis interaction as factors, and baseline body weight and baseline value of the analyzed parameter as covariates. ETDs with 95% CIs and
2-sided p values are from the same analysis. Missing data were imputed from the observed data in the placebo group using the same ANCOVA
model but without treatment as a factor. Abbreviations: AI, artificial intelligence; ETD, estimated treatment difference; FAS, full analysis set; ML,
machine learning; OD, once daily.
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This analysis has some limitations that should be
considered when interpreting the results. Digital pathol-
ogy images were not available for all patients; therefore,
analyses in this paper were only performed on a subset
of patients (251 patients) from the original trial. In terms
of enrollment, the fact that the population was enrolled
based on pathologist assessment means that the
endpoint assessment may have been different than if
they had been enrolled using ML. Finally, only patients
with a fibrosis stage of 1–3 were included in the current
post hoc analysis; therefore, further studies are needed
to evaluate the application of the ML pathology model to
stages F0 and F4.

In conclusion, in this post hoc analysis of data from a
phase II study, we found a significant treatment benefit
of semaglutide 0.4 mg versus placebo in patients with
NASH and fibrosis, regardless of whether the results
were based on pathologist or ML evaluation of liver
biopsies. Overall, the results for the primary and
secondary endpoints were similar across the 2 biopsy

assessment methods; however, ML-derived continuous
assessment detected a statistically significant reduction
in fibrosis for semaglutide 0.4 mg versus placebo that
could not be detected by categorical pathologists nor
ML evaluation. These results demonstrate that ML
evaluation can provide additional value in the interpre-
tation of histological results compared with using only
change in categorical NASH CRN scores, with impor-
tant implications for aspects such as natural history,
predicting treatment response, or monitoring disease
progression in clinical trials. Further studies investigat-
ing the similarities, differences, and complementarity
between pathologist and AI evaluations of liver biop-
sies, and the long-term correlations between AI
evaluations and disease progression in patients with
NASH are required.

DATA AVAILABILITY
Data sets will be shared with bona fide researchers who
submit a research proposal approved by an independent

TABLE 2 Agreement between consensus pathologist and ML evaluation of NASH CRN score at baseline and the change from baseline to
week 72 (improvement, worsening, or no change)

Baseline Change from baseline to week 72a

Score Nobs

ML/pathologist
agreement, N (%)

Weighted
kappab Nobs

ML/pathologist
agreement, N (%)

Weighted
kappab

Fibrosis

Overall 249 124 (49.8) 0.3405 208 102 (49.0) 0.2190

Semaglutide 0.1 mg 67 34 (50.7) 0.3480 60 25 (41.7) 0.1534

Semaglutide 0.2 mg 60 33 (55.0) 0.3773 46 25 (54.3) 0.2148

Semaglutide 0.4 mg 63 29 (46.0) 0.3021 52 30 (57.7) 0.2877

Placebo 59 28 (47.5) 0.3241 50 22 (44.0) 0.1601

Steatosis

Overall 248 178 (71.8) 0.6216 206 140 (68.0) 0.4555

Semaglutide 0.1 mg 65 52 (80.0) 0.7399 56 40 (71.4) 0.5315

Semaglutide 0.2 mg 60 40 (66.7) 0.5161 49 35 (71.4) 0.4029

Semaglutide 0.4 mg 65 47 (72.3) 0.6624 53 39 (73.6) 0.4685

Placebo 58 39 (67.2) 0.5269 48 26 (54.2) 0.2405

Lobular inflammation

Overall 248 156 (62.9) 0.3585 207 112 (54.1) 0.2864

Semaglutide 0.1 mg 65 40 (61.5) 0.3424 56 31 (55.4) 0.2814

Semaglutide 0.2 mg 60 40 (66.7) 0.4045 49 25 (51.0) 0.2043

Semaglutide 0.4 mg 65 44 (67.7) 0.4740 53 32 (60.4) 0.2967

Placebo 58 32 (55.2) 0.2028 49 24 (49.0) 0.2176

Hepatocyte ballooning

Overall 248 145 (58.5) 0.2792 206 133 (64.6) 0.3881

Semaglutide 0.1 mg 65 35 (53.8) 0.2602 56 36 (64.3) 0.3860

Semaglutide 0.2 mg 60 38 (63.3) 0.3373 49 33 (67.3) 0.4171

Semaglutide 0.4 mg 65 38 (58.5) 0.2490 53 38 (71.7) 0.1787

Placebo 58 34 (58.6) 0.2780 48 26 (54.2) 0.2718

aDefinition of change (improvement, worsening, or no change): improvement defined as at least 1 stage/grade decrease from baseline to week 72 in corresponding
histological parameter; worsening defined as at least 1 stage/grade increase from baseline to week 72 in corresponding histological parameter; no change defined as
no change in stage/grade from baseline to week 72 in corresponding histological parameter.
bCalculation of kappa statistics was not based on missing data.
Abbreviations: CRN, Clinical Research Network; ML, machine learning; Nobs, number of observations.

AI SCORING OF LIVER BIOPSIES IN NASH | 11

D
ow

nloaded from
 http://journals.lw

w
.com

/hep by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 02/06/2024



review board after research completion and approval of
the product and product use in the EU and the United
States. Information about data access request proposals
can be found at novonordisk-trials.com.
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