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Abstract

Introduction Artificial intelligence (AI) and digital pathology have the potential to augment liver biopsy interpretation
in MAFLD in clinical practice and trials assessment. However, attitudes and barriers to its implementation have not been
systematically explored.

Methods A survey focusing on conventional liver histology, digital pathology and its Al applications in MAFLD/MASH
was conducted among hepatologists and liver pathologists in the Asia Pacific region.

Results Al-assisted digital pathology is perceived to be a valuable addition to existing histological reporting in MAFLD/
MASH. Defined standards for application and validation of Al models are important priorities for their implementation.
Conclusion There is consensus among clinical experts in the Asia Pacific that Al-assisted histological assessment is useful
in MAFLD/MASH interpretation. However, there remain important challenges to the adoption of these technologies into

routine clinical workflows.
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Introduction

Histopathological interpretation of liver biopsies represents
the current gold standard for the assessment of treatment
effect in drug trials of metabolic dysfunction associated
fatty liver disease (MAFLD), and its progressive subtype
metabolic dysfunction associated steatohepatitis (MASH)
[1]. Advancements in digital pathology provide opportu-
nities to enhance biopsy interpretation through artificial
intelligence (AI) augmentation to gain nuanced insights
into tissue architecture. Moreover, tools such as second
harmonic generation/two photon excitation fluorescence
(SHG/TPEF) microscopy to assess collagen morphology in
unstained liver biopsies avoid quality control concerns from
traditional stained slide workflows and allow for developing
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continuously scaled histologic scoring metrics. These inno-
vations may drive more sensitive and novel insights to refine
trial recruitment, determine treatment efficacy[2] and predict
clinical outcomes prediction [3].

As an epicenter of MAFLD with prevalence estimates of
40% and harboring 80% of the global MASH burden [4], the
Asia Pacific region is positioned to benefit from the technical
enhancements that Al-assisted digital pathology can accord
to current histological diagnostics. We report the results of
an expert survey to assess the opinions of hepatologists and
clinical pathologists in this region with respect to these new
technologies in the MAFLD domain.
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Methods

This questionnaire on current attitudes towards liver
biopsy assessment, digital pathology and Al applications
in MAFLD/MASH was conducted among selected expert
hepatologists and liver pathologists in the Asia Pacific
region.

The survey was developed following an expert meet-
ing convened at the 2025 Asia Pacific Association for the
Study of the Liver (APASL) Congress in Beijing, China.
At this meeting, the rationale for this survey, gauging the
interest of the expert group, and selecting experts to lead
development of the survey were undertaken. This meeting
was chaired by JG, SS and JF. Afterwards, emails were
sent to 26 hepatologists and 19 clinical pathologists across
15 countries representing the Asia—Pacific region. Of the
invitees, 23 hepatologists and 13 pathologists agreed to
participate.

The survey was divided into two arms, one for hepatolo-
gists, and another focused on clinical pathologists to more
accurately capture their respective real-world perspectives
on liver biopsy interpretation in clinical practice. The sur-
vey questions were conceptualized over three iterations
by two hepatologists (JG and VW) and three expert liver
pathologists (AR, AW, GS). These clinicians did not par-
ticipate in the final survey.

The questionnaire was divided into four categories. The
first section requested basic demographic information. The
second part looked at opinions around conventional liver
biopsy. The third section assessed attitudes toward the role
of digital pathology and Al in augmenting liver biopsy
interpretation in MAFLD/MASH. The final part focused
on understanding opinions around quality control related
to the adoption of Al and digital pathology in clinical
workflows. This section included additional questions for
pathologists elucidating their thoughts on current ordinal
MAFLD/MASH reporting standards, the interpretability
and accuracy of digital pathology images in capturing key
histopathological features of MAFLD, accessibility and
knowledge of SHG/TPEF microscopy and quantitative
fibrosis assessments, and barriers to implementation in
the Asia Pacific region. The finalized full question set can
be viewed in the accompanying Supplement 1.

Responses were recorded on a Likert scale with the fol-
lowing options: strongly agree, agree, neither agree nor
disagree, disagree, strongly disagree, and do not know/pre-
fer not to answer. For analysis, “overall agree” was defined
as the combined proportion of agree and strongly agree
responses, while “overall disagree” comprised disagree
and strongly disagree responses. These aggregated catego-
ries were used to facilitate the interpretation of respondent
preferences.
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Data analysis

The survey responses were analyzed and the categorical
data are presented as percentages (N [%]) of total respond-
ents. The level of agreement required for consensus was
defined at 66%.

Ethics

This survey was conducted in accordance with the European
Pharmaceutical Market Research Association (EphMRA)
code of ethics. As it is not a clinical study, ethics committee
review and approval were not required.

Results

Key results of the survey are highlighted in this manu-
script. The full cumulated responses can be compared in
Supplement 2 and individual de-identified responses can be
reviewed in Supplement 3, respectively.

23 clinical hepatologists and 13 pathologists
(n=36) out of 45 invitees participated

in the survey. 96% (n=22) of hepatologists
and 77% (n=10) pathologists had > 11 years
of experience in liver pathology.

Hepatologist responses

Most hepatologists agreed that conventional liver histol-
ogy is an imperfect tool to evaluate MAFLD/MASH and
to benchmark against non-invasive testing strategies (NITs)
(Table 1).

There was consensus among hepatologists on the need
to incorporate digital pathology and AI with existing histo-
logical appraisal to enhance MASH interpretation (Table 2).

Most surveyed hepatologists believed that digital pathol-
ogy and Al-assisted image analysis can improve histological
assessment standards in MAFLD/MASH (Table 3).

Pathologist responses

Contrary to hepatologists’ opinion, pathologists demon-
strated a greater degree of disagreement or ambivalence on
the perceived inadequacies of conventional liver histological
assessment in evaluating MAFLD/MASH and in calibrating
NITs (Table 4).

Nonetheless, there was strong support among patholo-
gists for the role of digital pathology and Al-assisted image
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Table 3 Hepatologists’ opinions on the utility of digital pathology and Al in MASH/MAFLD

Strongly
Agree

Agree

Overall Agree Neither Agree Disagree
nor Disagree

Do not know/
prefer not to
answer

Strongly Overall Disa-
Disagree gree

DP/AI can improve 14 (60.87%) 8 (34.78%)
the reproduc-
ibility of fibrosis
scoring in
MASH
DP/AI can improve 12 (52.17%) 9 (39.13%)
the reproducibil-
ity of steatosis,
lobular inflam-
mation, and bal-
looning scoring
in MASH

DP/AI can reduce
subjectivity in
interpreting bor-
derline MASH
grading and
fibrosis stages

DP/AI can be an
effective decision
support tool for
pathologists in
grading and stag-
ing MASH

DP/AI should
supplement,
not replace,
human pathology
review in clinical
practice

DP/AI based
fibrosis evalua-
tion can serve as
the comparator
for development
of non-invasive
tests

22 (95.65%)

21 91.3%)

10 (43.48%) 12 (52.17%) 22 (95.65%)

8 (34.78%) 14 (60.87%) 22 (95.65%)

11 (47.83%) 9(39.13%) 20 (86.96%)

8 (34.78%) 11 (47.83%) 19 (82.61%)

Development, 12 (52.17%) 11 (47.83%) 23 (100%)
validation and
standardization
of DP/AI tools
should be an area
of high priority
in assessing
MAFLD/MASH,
particularly for
clinical trials and
drug develop-
ment

0 (0%)

1 (4.35%)

0 (0%)

0 (0%)

3 (13.04%)

2 (8.7%)

0 (0%)

0 (0%) 0 (0%) 0 (0%) 1 (4.35%)

0 (0%) 0 (0%) 0 (0%) 1 (4.35%)

00%  0(0%) 0 (0%) 1 (4.35%)

0 (0%) 0 (0%) 0 (0%) 1 (4.35%)

0 (0%) 0 (0%) 0 (0%) 0 (0%)

1(4.35%) 0(0%) 1 (4.35%) 1 (4.35%)

0 (0%) 0 (0%) 0 (0%) 0 (0%)

analysis in augmenting histological assessment standards in
MAFLD/MASH (Table 5).

5 of the 13 surveyed pathologists had previously utilized
digital pathology or Al applications in liver histological
assessment and only 1 pathologist had operational expe-
rience with SHG/TPEF microscopy. Consequently, most
respondents reported unfamiliarity with the capabilities of

@ Springer

SHG/TPEF microscopy over conventional fibrosis staging.
9 out of 13 pathologists agreed that AI models that provide
continuous metrics in histological interpretation will be
helpful to pathology practice (Table 6).

The surveyed pathologists also highlighted some
pertinent barriers to the successful implementation of
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digital pathology and Al into clinical and research work-
flows (Fig. 1).

Finally, all (n=36) participants agreed on the need for
defined standards for histological interpretation, data qual-
ity and expert pathologist input/oversight of AI models to
facilitate their use in clinical practice or trials assessment.

Discussion

This survey was designed to elucidate consensus around
the potential of digital pathology and Al to augment liver
histological interpretation in MAFLD/MASH and to iden-
tify barriers to adoption in clinical and research workflows
in the Asia Pacific. The results provide important insights
into current attitudes in the region around the promise and
practicalities of Al-assisted digital pathology service adop-
tion. The results broadly reflected a positive appraisal from
both groups about the potential of Al-based digital pathol-
ogy in augmenting MAFLD histological analyses. However,
the survey also highlighted important considerations that
warrant further discussion before a roadmap to consensus
and large-scale adoption can be realized. It is important
to acknowledge that a third of invited pathologists did not
participate in the survey as opposed to only 8% of invited
hepatologists. This resulted in a smaller than expected pool
of liver pathologists and excessive weighting to individual
responses that could have skewed the trend of responses,
particularly as responses may reflect opinions of highly spe-
cialized or institutionally well-resourced experts rather than
the broader regional practice landscape.

Conventional liver histological interpretations are techni-
cally challenging and suffer inherent limitations arising from
ordinal scoring systems that lack the sensitivity necessary to
capture nuanced therapeutic responses, morphological inter-
pretations such as degree of ballooning and steatosis that are
difficult to quantify and subject to interobserver disagree-
ment, and slide quality control discrepancies. The majority
of surveyed hepatologists concurred with this assessment
around the limitations of current reporting methodology.
However, pathologists had mixed opinions on the perfor-
mance of conventional liver biopsy reporting, a discrepancy
that could be explained by specialty-specific emphasis on
interrelated yet distinct outcomes. Pathologists are adept at
histological diagnosis and grading while hepatologists are
more focused on how these pathological insights ultimately
translate into clinical outcomes or applications which may
require more granular tissue data signatures. Al-assisted
biopsy analysis and quantitative histologic tools can pro-
vide nuanced outputs such as reporting the degree of fibrosis
on a continuous scale to overcome the sensitivity problems
stemming from ordinal reporting standards. However, these
technologies require defined standards for data quality and

Table 4 Liver pathologists’ opinions on the performance of conventional liver histology in evaluating MASH/MAFLD

Strongly Disagree Overall Disagree Do not know/

Disagree

Overall Agree Neither

Strongly Agree Agree

prefer not to
answer

Agree nor
Disagree

0 (0%)

4(30.77%)

4(30.77%) 0 (0%)

1 (7.69%)

5(38.46%) 8 (61.54%)

3 (23.08%)

Liver histology is an imperfect gold standard for the

evaluation of MASH and for the grading and staging

of histological features of MAFLD
Liver histology is an imperfect gold standard for the

1 (7.69%)

1(7.69%) 4(30.77%) 1 (7.69%) 5 (38.46%)

3(23.08%) 6 (46.15%)

3 (23.08%)

development of non-invasive tests for MASH diagno-

sis and prognosis

0 (0%)

4 (30.77%)

4 (30.77%) 0 (0%)

5 (38.46%)

4 (30.77%) 4 (30.77%)

0 (0%)

Restricted ordinal histological categories of fibrosis

staging are suboptimal for assessing fibrosis progres-

sion/regression in clinical trials

@ Springer
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Table 5 Liver pathologists’ opinions on the utility of digital pathology and Al in MASH/MAFLD

Overall
Agree

Strongly
Agree

Agree

Neither Agree Disagree
nor Disagree

Do not know/
prefer not to
answer

Strongly Overall Disa-
Disagree gree

DP/AI can improve 3(23.08%) 8(61.54%) 11 (84.62%)
the reproducibility
of fibrosis scoring

in MASH

DP/AI can improve
the reproducibility
of steatosis, lobular
inflammation, and
ballooning scoring
in MASH

DP/AI can reduce
subjectivity in
interpreting border-
line MASH grading
and fibrosis stages

DP/AI can be an
effective decision
support tool for
pathologists in
grading and staging
MASH

DP/AI should supple- 8 (61.54%)
ment, not replace,
human pathology
review in clinical
practice

DP/AI based fibrosis
evaluation can serve
as the comparator
for development of
non-invasive tests

2(15.38%) 8(61.54%) 10 (76.92%)

2(1538%)  9(69.23%) 11 (84.62%)

2(1538%) 10
(76.92%)

12 (92.31%)

4(30.77%) 12 (92.31%)

2(1538%) 9(69.23%) 11 (84.62%)

Development,
validation and
standardization of
DP/AI tools should
be an area of high
priority in assessing
MAFLD/MASH,
particularly for
clinical trials and
drug development

3(23.08%) 9(69.23%) 12 (92.31%)

2 (15.38%)

1 (7.69%)

0 (0%)

1 (7.69%)

0 (0%)

2 (15.38%)

1 (7.69%)

0 (0%) 0 (0%) 0 (0%) 0 (0%)

2(15.38%) 0(0%) 2 (15.38%) 0 (0%)

2(15.38%) 0 (0%) 2(1538%)  0(0%)

0 (0%) 0 (0%) 0 (0%) 0 (0%)

0 (0%) 1 (7.69%) 1 (7.69%) 0 (0%)

0 (0%) 0 (0%) 0 (0%) 0 (0%)

0 (0%) 0 (0%) 0 (0%) 0 (0%)

validation by expert liver pathologists who ultimately will
provide the oversight necessary for these tools to function
optimally, a notion that both hepatologists and pathologists
supported.

Given the importance of liver fibrosis as the primary
determinant of clinical outcomes, an important first step
could be to formulate a hybrid system that augments exist-
ing ordinal fibrosis staging with clinically validated SHG/
TPEF microscopy and Al-derived continuous fibrosis
assessments (e.g., qFibrosis®) to redress efficacy endpoints

@ Springer

in MAFLD/MASH clinical trials. Refinements to precisely
define hepatocellular distortion (i.e., degree of ballooning,
steatosis, etc.) will also be helpful. In this regard, initia-
tives such as the recently published global expert pathologist
consensus designed to standardize the interpretation of cel-
lular morphology, grade and stage of steatotic liver disease
set an important precedent [5]. Moreover, developments
such as the AIM-MASH system [6] which augmented the
abilities of expert liver pathologists in assessing inflamma-
tion and MASH resolution are also welcome innovations



Hepatology International

Table 6 Liver pathologists’ opinions on SHG/TPEF-based microscopy to evaluate MASH/MAFLD

Strongly
Agree

Agree Overall Agree Neither Agree Disagree  Strongly

nor Disagree

Disagree

Overall Disa-
gree

Do not know/
prefer not to
answer

DP/AI on
unstained sec-
tions, includ-
ing Second
Harmonic
Generation
(SHG)-based
imaging, is
advantageous
to DP/AI on
stained sec-
tions due to
circumvention
of potential
pre-analytical
errors (e.g.,
staining vari-
ability)

SHG-based
images
have better
resolution
and contrast
than routine
histochemi-
cal stains
for fibrosis
assessment

SHG-based
images alone
without Al
solutions
can assist
pathologists
in MASH
biopsy
evaluation,
especially
for fibrosis
assessment

SHG-based
images with
Al models
provide reli-
able fibrosis
quantification

Al models
that provide
continuous
values/met-
rics in addi-
tion to ordinal
scores are
more helpful
to patholo-
gists

0 (0%)

0 (0%)

0 (0%)

0 (0%)

1 (7.69%)

1(7.69%) 1(7.69%)

2(15.38%) 2 (15.38%)

2 (15.38%) 2(15.38%)

5(38.46%) 5 (38.46%)

8 (61.54%) 9 (69.23%)

5 (38.46%)

3 (23.08%)

1 (7.69%)

1 (7.69%)

2 (15.38%)

0 (0%) 0 (0%)

0 (0%) 0 (0%)

2(15.38%) 0 (0%)

0 (0%) 0 (0%)

1(7.69%) 0 (0%)

0 (0%)

0 (0%)

2 (15.38%)

0 (0%)

1 (7.69%)

7 (53.85%)

8 (61.54%)

8 (61.54%)

7 (53.85%)

1(7.69%)

@ Springer
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igh i costs for digital scanner, server storage and software. 4

Perceived barriers to implementation of
DP/AI in routine practice

Lack of formal guidelines and/or regulatory oversight of DP/Al solutions _

Lack of consensus on the most appropriate comparatorto be used for validation of DP/AI

Lack of dardized

in MASH 4 ’

N _

01 2 3 4 5 6 7 8 9 1011 12 13

Fig. 1 Liver pathologists’ perceived barriers to the implementation of digital pathology and Al into clinical workflows

in constructing clear frameworks for sensitive and repro-
ducible histological reporting. Correlation of Al-assisted
liver pathology analyses with clinical endpoints will then
be the necessary validation for these platforms to be adopted
in MASH clinical trials’ endpoint assessment. These data
could potentially be retrospectively analyzed from the cur-
rent phase 3 clinical trials that are underway. Data mining of
biochemical and radiological signatures from trial datasets
can also be calibrated against histological results to enhance
the development of NITs which from a population policy

DEEP LEARNING

Al Digital pathology Q\\ \\\[
enhanced histological ~———fp =) AI ),
consortium framework stan?;’:::':‘;:d © = / -// 7]

in MAFLD train artificial 70\ NDopunnd

1\ ’i\,i\ neral networks !\\-='

Expert liver pathology craft
group Insights fed back to histopathological

consortia to refine consensus and improve

machine learning algorithms

perspective, are required to fulfill the bulk of clinical assess-
ment of liver disease severity in a cost and risk effective
manner (Fig. 2).

A significant number of pathologists were not routinely
acquainted with quantitative fibrosis or Al capabilities in
digital pathology, reflecting the significant cost and logistical
barriers in accessing these technologies outside of research
settings. This is a pertinent observation in the Asia Pacific
region where there are wide differences in socio-economic
development, health systems, and research footprints. It

Novel histological
signatures in MAFLD

Clinical Practice Guidelines
to guide patient care

=)

A
Correlation and validation with
non-invasive biomarkers

Fig.2 A proposed framework to drive advances in Al pathology assisted histological interpretation in MAFLD/MASH. Created with Biorender.

com
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could also explain the observed cautious enthusiasm from
the surveyed pathologists to incorporate augmented image
analysis into existing workflows. Nevertheless, there is clear
interest from both groups in the potential of the new technol-
ogies to refine liver diagnostics. Consequently, advocating to
democratize access to these modalities should be a priority
for apex regional bodies such as the APASL in conjunction
with leading medical institutions, trials consortia, industry
partners and governance bodies. There needs to be invest-
ment into updating training curricula in the region to include
dedicated attention to digital pathology. Educational fora at
specialty congresses (such as the APASL annual meetings)
may also prove helpful. Such initiatives can serve to prom-
ulgate interdisciplinary collaboration, expand familiarity
with the available technologies, standardize the operational
nomenclature and enhance advocacy to achieve consensus
around adoption in the region.

Conclusion

Al and digital pathology are providing novel insights into
liver histology and promise to herald a new quantitative era
in the pathological sciences. These advances have signifi-
cant benefits to be had in the MAFLD/MASH space where
sensitivity and interobserver variability from current grad-
ing systems are suboptimal for trial analyses. As the survey
identifies, there are important challenges to adoption but this
effort sets the stage for pathologists and hepatologists in the
Asia Pacific to spearhead initiatives to redefine pathological
assessment and enhance clinical practice.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12072-026-11092-6.
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