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Abstract: (1) Background: Nonalcoholic Steatohepatitis/Nonalcoholic Fatty Liver Disease (NASH/
NAFLD) is the most recurrent chronic liver disease. NASH could present with a cholestatic (C)
or hepatic (H) pattern of damage. Recently, we observed that increased Epithelial Cell Adhesion
Molecule (EpCAM) expression was the main immunohistochemical feature to distinguish C from
H pattern in NASH. (2) Methods: In the present study, we used digital pathology to compare
the quantitative results of digital image analysis by QuPath software (Q-results), with the semi-
quantitative results of observer assessment (S-results) for cytokeratin 7 and 19, (CK7, CK19) as well
as EpCAM expression. Patients were classified into H or C group on the basis of the ratio between
alanine transaminase (ALT) and alkaline phosphatase (ALP) values, using the “R-ratio formula”.
(3) Results: Q- and S-results showed a significant correlation for all markers (p < 0.05). Q-EpCAM
expression was significantly higher in the C group than in the H group (p < 0.05). Importantly ALP,
an indicator of hepatobiliary disorder, was the only biochemical parameter significantly correlated
with Q-EpCAM. Instead, Q-CK7, but not Q-CK19, correlated only with yGlutamyl-Transferase (yGT).
Of note, Stage 4 fibrosis correlated with Q-EpCAM, Q-CK19, and ALP but not with yGT or ALT.
Conclusions: Image analysis confirms the relation between cholestatic-like pattern, associated with
a worse prognosis, with increased ALP values, EpCAM positive biliary metaplasia, and advanced
fibrosis. These preliminary data could be useful for the implementation of Al algorithms for the
assessment of cholestatic NASH.

Keywords: NASH; QuPath; digital pathology; liver biopsy; immunohistochemistry; biliary metaplasia;
ductular proliferation

1. Introduction

Nonalcoholic Fatty Liver Disease (NAFLD) is a complex spectrum of chronic liver
diseases featured by hepatic fat accumulation [1]. NAFLD is properly diagnosed when
alcohol consumption or other secondary causes that lead to hepatic fat accumulation are
excluded. Nonalcoholic Steatohepatitis (NASH) is the worst histological presentation of
the NAFLD spectrum, and it could lead to various stages of fibrosis [2].
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Although histology is not routinely required for NAFLD diagnosis, to date, liver
biopsy is considered the “gold standard”, as NAFLD is often asymptomatic and many
patients have normal liver function tests [3-5].

Increased values of alanine aminotransferase (ALT) are present in a significant pro-
portion of patients as an expression of hepatic inflammation and cytolysis. However,
cholestatic presentation with an increase in alkaline phosphatase (ALP) is also observed in
several cases [6-9].

In drug-induced liver injury, these biochemical parameters had been employed in the
calculation of an R-ratio formula to discriminate hepatitis-like from cholestatic-like patterns
of damage [10,11].

Recently, the R-ratio formula has been applied to NASH [12,13]. In NASH, the bio-
chemical cholestatic pattern (C pattern) is associated with advanced stages of histological
fibrosis, more severe liver injury, a different metabolic pattern [12], and major liver-related
outcomes [13] compared with the biochemical hepatitic pattern (H pattern).

Cytokeratins (CK) are a group of structural proteins that are part of the class constitut-
ing intermediate filaments of the cytoskeleton. CKs are diffusely present in almost all the
different types of epithelial cells, and so they are used as markers to specifically identify
epithelial cells. Classically, CKs are distinguished into two types: type I CKs are acidic
proteins, whereas type II are basic [14,15].

Normal bile ducts and bile ductular reactions, which occur in many chronic liver
diseases, express cytokeratin 7 (CK7) and cytokeratin 19 (CK19). Therefore, ductular
reaction can be highlighted by immunohistochemistry for these cytokeratins [16,17].

Epithelial Cell Adhesion Molecule (EpCAM) is a membrane glycoprotein mediating
homophylic cell-cell adhesion in simple, transitional, and pseudostratified epithelia [18-22].
Moreover, it is expressed in the embryonic liver, in both proliferating hepatocytes and bile
ducts. However, its expression in adult liver is retained only at small bile ducts and canali-
culi, whereas adult hepatocytes are EpCAM-negative [23]. Of note, it has been reported
that the expression of EpCAM is reactivated during liver regeneration, marking intermedi-
ates liver progenitor cells [24,25]. However, the diagnostic and predictive significance of
EpCAM in other contexts of liver disease, such as NASH, has been not considered so far.

Various types of liver bile duct injuries are featured with the proliferation of duct-
like intra-hepatic structures. We previously defined biliary metaplasia as the presence
of single cells or small clusters of cells without a clear central lumen, showing EpCAM
and CK7 co-expression, indicative of an intermediate hepatobiliary immunophenotype
(so-called intermediate hepatocytes). Conversely, ductular proliferation was defined as
the presence of newly formed small ducts, located outside the portal tracts, showing
CK7/CK19 co-expression, indicative of a mature biliary immunophenotype. Moreover, we
reported that NAFLD patients with the C pattern were characterized by higher amounts of
biliary metaplasia than patients with the H pattern, semi-quantitatively evaluated by an
experienced pathologist observer [13]. Importantly, we observed that increased EpCAM
expression was the most discriminating feature to distinguish the C pattern from the H
pattern, with statistically significant differences between the two groups [13].

However, the semi-quantitative evaluation, although it provided statistically sig-
nificant results, presents the limitation of subjectivity, as it does not allow the precise
quantification of the immunohistochemical expression.

The aim of this study is to use digital pathology and the support of software image
analysis for a quantitative assessment of immunohistochemical expression of CK7, CK19,
and EpCAM in NASH liver biopsies with C and H patterns and with advanced stages of
fibrosis, to verify the reproducibility of the results obtained from the semi-quantitative
evaluation of the observer, in order to provide the first data useful for further studies for the
creation of Al algorithms. Moreover, we investigated the biochemical and morphological
features associated with the measured levels of these immunohistochemical markers in
NASH liver biopsies.
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2. Materials and Methods
2.1. Patients and Liver Biopsies

We retrospectively selected 47 patients seen by the Gastroenterology and Hepatology
Unit of the University Hospital of Palermo between 2007 and 2019, who underwent needle
liver biopsy and were histologically diagnosed as having NASH with fibrosis stage 34
according to Kleiner’s score [26]; the biochemical parameters were recovered from clinical
records. Many of them (36/47) were included in the larger multicenter case series of our
previously published study [13]. Based on clinical records, a history of alcohol consumption
was excluded through a questionnaire, ruling out cases of >30 g/day of consumption in
men and >20 g/day in women. Moreover, for each patient with elevated ALP, biliary
obstruction, multifocal intrahepatic, and extrahepatic biliary strictures, as well as the
presence of antimitochondrial antibodies or antinuclear antibodies, highly specific of
primary biliary cirrhosis, have been excluded. In the group of 47 selected patients, 48%
presented obesity with a BMI > 30, 33% were affected by diabetes, and 39% by hypertension,
defined as systolic blood pressure > 140 mm Hg and/or diastolic blood pressure > 90 mm
Hg or use of blood pressure-lowering agents. The mean value + standard deviation of total
cholesterol was 192 mg/dL =+ 43.

2.2. R-Ratio Calculation

According to the ALT and ALP biochemical parameters, all 47 patients were classified
into the cholestatic group (group C, with C pattern, 22 cases) or the hepatitis group (group
H, with H pattern, 25 cases) based on the ratio (R), which was obtained as a result of the
following formula [10-12]:

R = (ALT/ALT at the upper limit of normal)/(ALP/ALP at the upper limit of normal);

For ALT, the upper limit of normal was considered 19 IU/L in women and 31 IU/L
in men; for ALP, the upper limit of normal was assumed to be 115 IU/L, based on the
laboratory reference values.

When R < 2, the patient was included in group C; when R > 5, the patient was included
in group H. In 2 cases, the R-value was between 2 and 5 and they were initially considered
as a mixed group; however, since the mixed pattern was previously reported to be more
similar to the H pattern [12], the cases were included in group H [Table 1].

Table 1. General and clinical information of the studied patients.

Gender Age ALP (U/T) YGT (U/I) ALT (U/1)
N M/F% Median IOR Median IOR Median IOR Median IOR
C Pattern 22 62/38 63 54-65 94 75-108 59 43-97 33 29-50
H Pattern 25 48/52 58 51.5-62 62 55.5-80.5 76 51.5-154 91 70-128.5
Total 47 53/47 58.5 56-98 67.50 56-98 76 48-113 70 42-119.75

2.3. Histological and Immunohistochemical Analysis

All sections from liver biopsies of the 47 patients were stained with Hematoxylin-Eosin,
PAS-D, Sirius Red, and Shikata’s Orcein staining. As a histological selection criterion, only
liver biopsies with a portal tract length between 1.5 and 10 cm were included in the study.

Immunohistochemical (IHC) staining was performed with the automated Ventana
BenchMark Ultra staining system (Ventana/Roche Tissue Diagnostics, Tucson, AZ, USA)
according to the instructions of the manufacturers, using the following pre-diluted primary
antibodies: anti-cytokeratin 7 (CK7, clone SP52; rabbit monoclonal; Ventana/Roche Tissue
Diagnostics, Tucson, AZ, USA), anti-cytokeratin 19 (CK19, clone A53-B/A2.26; murine
monoclonal; Cell Marque, Rocklin, CA, USA), and anti-EpCAM (Ber-EP4 clone; murine
monoclonal; Cell Marque, Rocklin, CA, USA).
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2.4. Digital Image Analysis

Sections stained with immunohistochemical techniques using CK7, CK19, and EpCAM
were digitalized as whole slide images (WSIs) in tiff format at 40x magnification with
Aperio CS, Leica Microsystems. Image analysis was conducted with the QuPath software
package (version 0.4.3).

The analysis was performed on the entire section of the needle biopsy specimen to
avoid selection bias.

Using QuPath software, each image was subjected to automatic correction of the
image color scales, through the software’s ‘Estimate stain vectors’ function, to perform the
automatic correction of color scale. Subsequently, the areas of interest were measured in
pm? in the hematoxylin channel, whereas the IHC positive areas were measured in the
DAB channel, both at 0.5 um/pixel resolution.

For each case, the percentage ratio (RQuPath) was calculated using the following
formula: RQuPath = Positive Area/Total Area x 100.

2.5. Semi-Quantitative Scoring System for Histological Analysis

An expert pathologist, unaware of results from digital analysis, analyzed the sections
from liver biopsies and classified them according to the following semi-quantitative scoring
criteria:

Kleiner’s score [26] was used for the histological assessment of NAFLD and specifically
to grade steatosis, lobular inflammation, hepatocellular ballooning on hematoxylin-eosin
stained sections, and the stage of fibrosis from 0 to 4 on Sirius red-stained sections.

The presence of ductular proliferation was defined as the presence of small, newly
formed ducts, located beyond the portal tracts, with immunohistochemistry positivity for
CK7 and CK19.

Similarly, biliary metaplasia was defined as the presence of single cells or small clusters
of cells without a defined central lumen, with positive expression for CK7 and EpCAM,
suggestive of an intermediate hepatobiliary phenotype.

According to the above-mentioned markers, ductular proliferation and biliary meta-
plasia were semi-quantitatively scored as follows: score 0 (absence outside the portal tracts);
score 1 (focal presence close to the portal tracts); score 2 (moderate presence adjacent to
the portal tracts in less than 50% of the portal tracts, in the range of 1 High Power Field
(HPF) from the portal tract); and score 3 (widespread presence of immunohistochemical
expression adjacent in more than 50% of the portal tracts, in the range of more than 1 HPF
from the portal tract).

2.6. Statistical Analysis

Spearman’s correlation coefficient, point-biserial correlation, Student’s t-test, and the
Wilcoxon test were performed by using SPSS software v.21 (IBM). To perform point-biserial
correlation, we transformed the ordinal variables of the semi-quantitative scoring into
dichotomous variables of positive or negative results as follows: for ductular proliferation
and biliary metaplasia, the values 0-1 = 0 and the values 2-3 = 1; for fibrosis the value 3 =0,
the value 4 = 1. All p values < 0.05 were considered statistically significant.

3. Results

Digital and semi-quantitative analyses were conducted on liver biopsies stained with
immunohistochemical markers of biliary structures CK7, CK19, and EpCAM. The prefix “Q”
indicates the quantitative results obtained with QuPath digital analysis, whereas the prefix
“S” refers to the semi-quantitative results obtained by the observer. We first verified the
correlation between the two analyses (Table 2). Spearman’s Rho test showed a significant
statistical correlation between S- and Q-results for all three tested markers (p < 0.01 for CK7
and EpCAM expression; p < 0.05 for CK19 expression).
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Table 2. Bivariate correlation of Spearman between semiquantitative (S) and quantitative (Q) assess-
ment of immunohistochemical markers 2.

S-CK7 S-CK19 S-EpCAM Q-CK7 Q-CK19 Q-EpCAM
S-CK7 1.000 0.737** 0.561 ** 0.468 ** 0.496 ** 0.453 **
0.000 0.001 0.006 0.003 0.008
S-CK19 0.737 ** 1.000 0.369 * 0.433 ** 0.420 * 0.382 *
0.000 0.029 0.009 0.012 0.024
0.561 ** 0.369 * 1.000 0.597 ** 0.533 ** 0.816 **
SEpCAM 0.001 0.029 0.000 0.001 0.000
Q-CK7 0.468 ** 0.433 ** 0.597 ** 1.000 0.726 ** 0.586 **
0.006 0.009 0.000 0.000 0.000
Q-CK19 0.496 ** 0.420 * 0.533 ** 0.726 ** 1.000 0.744 **
0.003 0.012 0.001 0.000 0.000
0.453 ** 0.382 * 0.816 ** 0.586 ** 0.744 ** 1.000
Q-EpCAM 0.008 0.024 0.000 0.000 0.000

2 Per each cell, the first value indicates the correlation coefficient (Spearman’s Rho), and the second is the relative
p value (2-tailed significance). ** = p < 0.01 (dark green), * = p < 0.05 (light green).

Next, we tested if Q-results were informative of patients’ group classification and
histological evaluation.

Q-EpCam expression was slightly higher in group C (mean EpCAM RQuPath = 8.0%)
than in group H (mean EpCAM RQupath = 3.5%). This difference, although not impressive,
resulted in statistical significance (t-test: p < 0.05; Wilcoxon’s test: p < 0.05). By contrast, no
significant statistical difference was found for Q-CK7 and Q-CK19 between the two groups
(Figure 1). As expected, CK7 was strongly correlated with both markers: EpCAM (Spear-
man’s Rho= 0.586, p < 0.01) and CK19 (Spearman’s Rho = 0.726; p < 0.01) (Figures 1 and 2).

Digital Pathology quantification

@ Cholestatic *
15- @ Hepatitic

CK7 CK19 EpCAM

Figure 1. Quantification of CK7, CK19, and EpCAM markers on immunohistochemistry staining
of liver biopsies. Q-EpCam expression was significantly higher in the cholestatic group than in the
hepatitic group, while no significant statistical difference was found for Q-CK19 and Q-CK7 between
the two groups. * = p < 0.05.

To define the clinical features related to the markers measured with digital pathology,
we performed a correlation analysis combining measured values of Q-CK7, Q-K19, and
EpCAM with fibrosis and biochemical parameters (Table 2). All Q-makers positively
correlated with fibrosis, with a more significant correlation for Q-CK7 and Q-CK19. We
found that Q-CK19 did not correlate with yGT, ALP, or ALT. Q-CK7 correlated only with
vGT, Q-EpCAM significantly correlated only with ALP, but not with ALT nor with yGT
values. Considering the biochemical parameters, ALP correlated with EpCAM, with pattern
C of NASH, and with stage 4 of fibrosis. Surprisingly, ALT did not correlate with any
morphological features.
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Figure 2. (A-C) Patient with a cholestatic pattern, characterized by biliary metaplasia of hepatocytes,
with increased expression of CK7 (A), very rare CK19 (B) positive cells, and diffuse positivity for
EpCAM (C). (D-F) patient with a hepatitic biochemical pattern, characterized by ductular reaction
with proliferation of small ductules positive for CK7 (D) and CK19 (E) and a slight increase in EpCAM
expression (F). Inmunoperoxidase stain. Original magnification 200x.

Noteworthily, the correlation of both Q-EpCAM and ALP values with stage 4 fibrosis
further supported that Q-EpCAM values are overall related to the cholestatic presentation
of NAFLD (Table 3).

Table 3. Bivariate correlation of Spearman between biochemical parameters and quantitative assess-
ment of immunohistochemical markers 2.

Fibrosis

Q-CK7 QCK19  QEpCAM  PattermC® tge 4 ALP YGT ALT

Fibrosis 0.620 * 0538 0417 0112 1,000 0329 % 0313 ~0.036
stage 4 0.000 0.001 0.011 0515 0.050 0.063 0.836
\Lp 0.218 0.230 0387 * 0379 * 0329 * 1.000 0391 * 0.006
0.201 0177 0.020 0.023 0.050 . 0.018 0.971

GT 0347 0.103 ~0.013 ~0.251 0313 0391 * 1.000 0.394 *
0.038 0.549 0.938 0.140 0.063 0.018 ) 0.017
0.094 0.007 ~0.070 0724 % ~0.036 0.006 0394 * 1.000

ALT 0585 0.970 0.634 0.000 0.836 0.971 0.017

2 Per each cell, the first value indicates the correlation coefficient (Spearman’s Rho), and the second is the relative
p value (2-tailed significance). ** = p < 0.01 (dark green), * = p < 0.05 (light green). ? C and H correlations
are indicated respectively as positive and negative values. ALP, alkaline phosphatase; yGT, Gamma-glutamyl
transferase; ALT, alanine transaminase.

The yGT values were related to ALT and ALP values but not to an advanced stage
of fibrosis. ALT values correlated with the H pattern, and yGT values, but not with any
immunohistochemical marker, nor with stage 4 of fibrosis (Table 2). Strikingly, ALP was
the only biochemical parameter correlating with an advanced stage of fibrosis in NASH,
while EpCAM was the only immunohistochemical marker showing a correlation with ALP.

4. Discussion

To date, the histological assessment of liver biopsies performed by an experienced
pathologist is considered the gold standard for NASH diagnosis. The need to implement
and validate the use of new tools has emerged with the progress of digital pathology, image
analysis, and Al Recently in the literature, many studies have appeared concerning the
utility of these tools in the histological diagnosis of liver diseases, including NASH [27,28].
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Our study aimed to compare the results of the semiquantitative assessment (S-results)
of histological and immunohistochemical features of NASH obtained by observation of the
pathologist [13] with the results of the quantitative assessment of digital analysis by using
QuPath (Q-results).

Furthermore, in order to understand the clinical meaning of Q- and S-results, the
relation with the biochemical parameters was investigated.

Q-results about CK7, CK19, and EpCAM expression were in line with the S-results of
our previous study [13], proving that digital image analysis could be considered a useful
tool to quantify the expression of these immunohistochemical markers.

In detail, Q-analysis confirmed the absence of significant differences between group C
and group H regarding CK7 and CK19 expression, which were similarly detected in both
groups. CK7 is mainly expressed in association with EpCAM in biliary metaplasia and
with CK19 in ductular proliferation. On the contrary, Q-EpCAM was more expressed in
group C than in group H, with a statistically significant difference. Therefore, Q-EpCAM
was revealed to be a reliable immunohistochemical marker to distinguish the two groups
(Figures 1 and 2). Moreover, it was the only marker related to ALP that, in turn, showed to
be the only biochemical parameter related to stage 4 of fibrosis (Table 2).

This study underlines the relation between cholestatic C pattern with increased ALP
values, EpCAM positive biliary metaplasia, and a more advanced stage of fibrosis.

Recent studies in cirrhotic and non-cirrhotic patients with NAFLD report the asso-
ciation between the C pattern and portal hypertension [29] and, in keeping with our
observations, underline the importance of recognizing the C pattern.

Our study suggests that in NASH with cholestatic pattern and stage 4 of fibrosis,
where inflammatory phenomena are often mild, the toxic effect of intrahepatic retention of
bile acids could play a more effective fibrogenic role than cytolytic phenomena. In Figure 3,
we illustrate the hypothetic pathways leading to the different ductular reactions of C and
H patterns of NASH, as well as their effects on fibrosis.

NASH: Parenchymal damage

NASH pattern H NASH pattern C
Elongation and branching of HSPCs activation
pre-existent biliary ducts EpCAM+/CK19*
Ductular proliferation with Biliary metaplasia with
mature cholangiocytes intermediate phenotype
EpCAM-/CK7+/CK19* EpCAM*/CK7+/CK19-

* S
@ [Lw
Mature ;’;ﬂ] g

D
-
&)
-0

Hepatocytes
EpCAM-/CK7-/CK19-
Less impaired More impaired bile efflux
bile efflux with retained bile acid
serum ALP T
Less severe More severe
grade of fibrosis grade of fibrosis

Figure 3. Pathways of NASH parenchymal damage associated with H and C patterns. The left
scheme presents the route more typically associated with a hepatitic histologic pattern of NASH,
with the formation of more mature ductular structures, expressing both CK7 and CK19. These types
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of structures, which are more functional, are more efficient in allowing bile efflux, ultimately leading
to a less severe grade of fibrosis. Conversely, in cholestatic patterns, it is likely that immature ducts,
still expressing EpCAM other than CK7, but almost negative for CK19, determine higher retention
of bile acids, leading to serum ALP increase and a more advanced grade of fibrosis, as shown in
the right scheme. Note that the two pathways are not mutually exclusive, and the general balance
between the two routes, together with other factors, determines the ultimate outcome of fibrosis.
* According to the double differentiation/de-differentiation histogenetic pathways [30]. H, hepatitic;
C, cholestatic; HSPCs, hepatic stem/progenitor cells; ALP, alkaline phosphatase; EpCAM, Epithelial
Cell Adhesion Molecule; CK7, cytokeratin 7; CK19, cytokeratin 19.

It has been previously reported that bile acid concentration and ALP are correlated.

Particularly, a reduction of bile acid canalicular secretion, together with secondary
bile acid retention, leads to a liver ALP synthesis increase [31]. Desmet hypothesized that
bile acid overload may be an early trigger in biliary metaplasia or dedifferentiation of
hepatocytes, exerting a stimulus on parenchymal cells. The latter in turn activates the
hepatic stellate cells (HSCs) that proliferate with a fibrogenic effect [30,32,33].

Chronic liver disorders of different etiopathogenesis can activate hepatic progeni-
tor cells (HPCs), normally maintaining a quiescent state, and this activation results in a
ductular reaction. HPCs can differentiate into intermediate cells and subsequently into
hepatocytes or cholangiocytes. Moreover, hepatocytes can de-differentiate towards an
EpCAM+ “intermediate” phenotype [24,34,35].

Other authors stated that the activation of HPCs, more than their specific phenotype,
could play a significant role in the progression to cirrhosis and a more aggressive course of
the disease [36].

The biological importance of HPC activation has also been investigated in NAFLD.
Previously we hypothesized that in the cholestatic type of NASH, intrinsic biliary dysfunc-
tion leads to the presence of biliary metaplasia, a reaction induced by bile acid overload and
not fully compensated by effective ductular differentiation. This process could exacerbate
the biochemical and histological features of cholestasis and, by activating HPCs, could
trigger fibrogenic pathways, with an increased risk of progression [13].

Noteworthily, we found a correlation between biochemical cholestasis, indicated by
the increase of ALP values, and the EpCAM expression with the presence of immature
“intermediate hepatocytes”.

In our study, yGT value results were related to ALT and ALP values but not to EpCAM
expression, pattern C, and advanced stage of fibrosis (Table 2).

vGT is a transmembrane protein expressed on the cell membrane, primarily on biliary
epithelial cells. It has high diagnostic sensitivity for cholestasis but low specificity, as it
can be related to several diseases (e.g., diabetes, obesity, alcoholism) and a wide variety
of drugs [37], and sometimes it is abnormal in patients with no primary hepatobiliary
disease [38]. Moreover, it has to be considered that the increases in serum yGT values could
also be determined by drug-induced biliary hyperplasia or by increased pressure of the
biliary system due to structural cholestasis, other than enzyme release following damage
of biliary epithelial cells [39]. In keeping with these statements, in our study, yGT showed
a relation with ALT values. Of note, no correlation was found with pattern C of NASH nor
with advanced fibrosis, suggesting that, at least in some patients, the increase of yGT could
be not related to toxic biliary acids retention with fibrogenic effects. NASH patients in fact
are often obese, diabetic, and take several drugs, and yGT increase could be related to these
co-morbidities.

Thus, ALP is the more specific index of intra-hepatic cholestasis, and, in our study, it
was the only biochemical parameter correlating with the advanced stage of fibrosis, which
could explain the worse prognosis reported in patients with cholestatic patterns of NASH.
Q-EpCAM was the only immunohistochemical marker showing a correlation with ALP, a
marker of cholestasis, and was related to a potentially worse prognosis since both EpCAM
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References

and ALP independently correlated either with fibrosis stage 4. Of note, yGT and ALT
values were not correlated with fibrosis stage 4 (Table 2).

In conclusion, we confirm through image analysis the existence of NASH with a
cholestatic pattern, which is an important result since previous studies have already shown
a worse prognosis in this group compared to NASH patients with a hepatitic pattern.

To the best of our knowledge, the quantitative expression of EpCAM, evaluated using
digital pathology and its correlation with the different patterns of NASH, has never been
studied. These results are preliminary and limited by the restricted number of cases.
However, if confirmed on a larger casuistry and validated by multicentric studies, they
could be exploited to develop algorithms based on artificial intelligence, allowing in the
future a faster and more objective evaluation of cholestatic NASH cases and their prognostic
significance.

Moreover, previous studies hypothesized that “NAFLD and cholestatic diseases
share key pathophysiological mechanisms that may be targeted by novel therapeutic
concepts” [40]. In line with these observations, the analytical quantitative studies could be
extended to chronic cholestatic diseases such as primary biliary cholangitis and primary
sclerosing cholangitis, in order to evaluate the role of EpCAM and its relationship with
ALDP, fibrosis, and prognosis of the patients.

Finally, the present study might suggest the potential role of therapy with antic-
holestatic drugs in NASH [41,42], paving the way for a more effective treatment of these
patients.
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