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Oesophageal varices predict complications in compensated
advanced non-alcoholic fatty liver disease
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Background & Aims: We aimed to evaluate the impact of oesophageal varices (OV) and their evolution on the risk of
complications of compensated advanced chronic liver disease (cACLD) caused by non-alcoholic fatty liver disease (NAFLD). We
also assessed the accuracy of non-invasive scores for predicting the development of complications and for identifying patients
at low risk of high-risk OV.

Methods: We performed a retrospective assessment of 629 patients with NAFLD-related cACLD who had baseline and follow-
up oesophagogastroduodenoscopy and clinical follow-up to record decompensation, portal vein thrombosis (PVT), and he-
patocellular carcinoma.

Results: Small and large OV were observed at baseline in 30 and 15.9% of patients, respectively. The 4-year incidence of OV
from absence at baseline, and that of progression from small to large OV were 16.3 and 22.4%, respectively. Diabetes and a >5%
increase in BMI were associated with OV progression. Multivariate Cox regression revealed that small (hazard ratio [HR] 2.24,
95% CI 1.47-3.41) and large (HR 3.86, 95% CI 2.34-6.39) OV were independently associated with decompensation. When
considering OV status and trajectories, small (HR 2.65, 95% CI 1.39-5.05) and large (HR 4.90, 95% CI 2.49-9.63) OV at baseline
and/or follow-up were independently associated with decompensation compared with the absence of OV at baseline and/or
follow-up. The presence of either small (HR 2.8, 95% CI 1.16-6.74) or large (HR 5.29, 95% CI 1.96-14.2) OV was also inde-
pendently associated with incident PVT.

Conclusion: In NAFLD-related cACLD, the presence, severity, and evolution of OV stratify the risk of developing decom-
pensation and PVT.

Impact and implications: Portal hypertension is the main driver of liver decompensation in chronic liver diseases, and its
non-invasive markers can help risk prediction. The presence, severity, and progression of oesophageal varices stratify the risk
of complications of non-alcoholic fatty liver disease. Easily obtainable laboratory values and liver stiffness measurement can
identify patients at low risk for whom endoscopy may be withheld, and can also stratify the risk of liver-related complications.
© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is an increasingly
prevalent cause of compensated advanced chronic liver disease
(cACLD) and its complications such as liver decompensation and
hepatocellular carcinoma (HCC)."> Moreover, NAFLD also impacts
direct and indirect costs for national health systems, the costs
being higher for patients with liver-related complications.?

The development of portal hypertension (PH), and particu-
larly of clinically significant portal hypertension (CSPH), defined
as a hepatic venous pressure gradient >10 mmHg, is a key event
to stratify disease severity and inform prognosis in patients with
cACLD," including those with non-alcoholic steatohepatitis
(NASH). The presence and grade of oesophageal varices (OV)
further stratify the risk of decompensation in patients with viral
or alcohol-related liver diseases.”® However, data regarding the
clinical impact and natural history of OV in patients with NAFLD-
related cirrhosis are limited.”®

Simple clinical decision rules based on non-invasive methods
have recently reduced the need for invasive tests (i.e. hepatic
venous pressure gradient measurement and oesophagogas-
troduodenoscopy [OGD]) in the setting of cACLD.? Specifically,
the Baveno VII consensus'® recommended using the combina-
tion of liver stiffness measurement (LSM) <15 kPa and platelet
count (PLT) 2150 x 10°/L for ruling out CSPH, and using LSM
>25 kPa alone, the combination of LSM between 20 and 25 kPa
and PLT <150 x 10%/L, or the combination of LSM between 15 and
20 kPa and PLT <110 x 10°/L for ruling in CSPH, even though the
latter seems to be suboptimal in obese patients with NAFLD.
Moreover, in cACLD related to NASH, the ANTICIPATE NASH
model (based on the combination of LSM, PLT, and BMI) and the
machine learning three-parameter (3P ML) model (based on PLT,
bilirubin, and international normalised ratio) have been pro-
posed to predict CSPH but require further validation.'"'? Ac-
cording to the Baveno VII guidelines, non-invasive criteria (LSM
<20 kPa and PLT >150 x 10°/L), already validated in the NAFLD
setting, might be used to forego screening by OGD in patients
with low likelihood of high-risk OV (<5%).!%! The literature has
also proposed criteria based on easily accessible clinical data
such as PLT and albumin values, such as the Rete Sicilia Selezione
Terapia (RESIST) criteria, in settings where LSM is not available.'*

In the present study, we aimed to evaluate the predictive
value of OV and their evolution on the risk of developing
decompensation, portal vein thrombosis (PVT), and HCC in pa-
tients with cACLD caused by NAFLD. We also assessed the natural
history and risk factors for OV progression/regression, and
prognostic accuracy of non-invasive scores for predicting the
development of complications and for identifying patients at low
risk of high-risk OV.

Patients and methods

Patient selection

Patients were sequentially recruited at multiple participating
centres from April 2001 to March 2021 at the first diagnosis of
NAFLD-related cACLD. Inclusion criteria were NAFLD-related
cACLD, presence of an OGD within 6 months of the diagnosis,
and availability of OGD and clinical follow-up findings. A total of
629 patients were enrolled. Data were retrospectively reviewed
and analysed.
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NAFLD cACLD was diagnosed by histopathologic findings of
F3-F4 fibrosis according to the Kleiner scoring system'® and/or
by LSM >12 kPa.'® LSM was obtained by the FibroScan® device
(Echosens, Paris, France) using an M and/or XL probe. If only one
LSM result was available, it was included in the main analysis
irrespective of probe type and BMI. When two LSM values were
available (one with each probe), the main analysis included the
M probe measurement for BMI <30 kg/m? and the XL probe
result for BMI 30 kg/m2.!” In patients without histologic ex-
aminations, the diagnosis of NAFLD required ultrasonographic
detection of steatosis plus at least one criterion of the metabolic
syndrome (obesity, diabetes, arterial hypertension, or dyslipi-
daemia). Other causes of liver disease were ruled out, including
alcohol intake >20 g/day during the previous year (evaluated by
patient interviews on the amount, frequency, and type, and
confirmed by at least one family member); viral (HBsAg, anti-
HCV, and anti-HIV negativity) and autoimmune hepatitis; he-
reditary haemochromatosis; and alphal-antitrypsin deficiency.
Patients with baseline advanced (Child-Pugh B or C) cirrhosis,
HCC, liver transplantation, OV banding, PVT or splenic vein
thrombosis, or splenectomy were excluded. The study was con-
ducted in accordance with the principles of the Helsinki Decla-
ration, and with local and national laws. Approval was obtained
from the hospital internal review boards and their ethics com-
mittees. Informed consent was obtained from all participants.

Patient evaluation

Clinical and anthropometric data, including BMI, the presence of
arterial hypertension, and type 2 diabetes, and data regarding
intake of statins, low-dose aspirin, selective beta-blockers, non-
selective beta-blockers, and anticoagulants were collected both
at enrolment and at the OGD showing changes in OV status or at
the last OGD in cases without changes in OV status. On the same
day, a 12-h overnight fasting blood sample was drawn to
determine serum levels of aspartate aminotransferase, alanine
aminotransferase, PLT, albumin, total bilirubin, international
normalised ratio, total and HDL cholesterol, triglycerides, and
plasma glucose concentration.

Transient elastography was performed with the FibroScan®
medical device, using the M and/or XL probes within 6 months of
OGD. In each centre, LSM was assessed after a >4-h fast by a
trained operator who had previously performed at least 300
examinations of patients with chronic liver disease. Only pa-
tients with 10 valid measurements and with reliable results ac-
cording to published criteria were enrolled.'®

0OGD was performed by experienced operators at each hospital,
regardless of the Baveno criteria to avoid endoscopy. At endoscopy,
high-risk OV that warrant primary prophylaxis to prevent bleeding
were defined by medium or large size or the presence of high-risk
stigmata (red wale marks and cherry red spots).!° In patients
without baseline high-risk OV, OGD was repeated as recommended
by clinical guidelines. Patients with baseline high-risk OV or with
progression to medium or large OV were treated with non-selective
beta-blockers or underwent elastic banding, and no further OGD
follow up was performed. Prophylaxis was not initiated for patients
with small (F1) varices without red wale marks.

Liver-related complications were recorded during the entire
follow-up period and were defined as the development of
decompensation (occurrence of ultrasonographically proven
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ascites and/or variceal haemorrhage and/or encephalopathy and/
or jaundice), PVT, or HCC. In patients with ultrasonic findings
suggesting PVT, the diagnosis was confirmed by computed to-
mography or contrast-enhanced liver ultrasound. Surveillance
ultrasonography for HCC was conducted every 6 months in
accordance with international guidelines.'® Patients who devel-
oped hepatic complications during follow-up were evaluated for
available  therapies and/or liver transplantation, as
appropriate.'®-°

Statistical analysis

Continuous variables were summarised as means * SD, and
categorical variables as frequencies and percentages. Univariate
and multivariate Cox models were used to assess risk factors for
decompensation, incident PVT, and HCC, as well as for OV
occurrence/progression and regression. Variables to be included
in the multivariate model were chosen based on clinical rele-
vance and on their significance in univariate analysis (p <0.10).
Variables in the final models with a p value of <0.05 were
considered statistically significant. Results were expressed as
adjusted hazard ratios (HRs) and their 95% CIs. In models
assessing the impact of follow-up changes in OV and in non-
invasive scores for PH in predicting decompensation, these var-
iables were considered as time-dependent covariates.

The Baveno VI (LSM <20 kPa and PLT >150 x 10°/L), expanded
Baveno VI (LSM <25 kPa and PLT >110 x 10%/L), and RESIST (al-
bumin >3.6 g/dl and PLT >120 x 10%/L) criteria were evaluated.
Performance evaluations were made in terms of number and
percentage of spared endoscopies, number and percentage of
undetected OV, sensitivity, specificity, positive predictive value,
and negative predictive value. Bonferroni test adjustment was
used for multiple comparisons.

As the area under the receiving operating characteristic curve
focuses only on the predictive accuracy of a model, not consid-
ering cases in which a false-negative result is more harmful than
a false-positive result, we also performed a decision curve
analysis (DCA) for identifying the threshold probabilities for
which the use of non-invasive criteria translates into the
maximum net benefit of detecting high-risk OV.%!~2*

DCA-evaluated prediction models in comparison with default
strategies of performing OGD in all or no patients enabled an
assessment of overall yield of prediction rules. DCA estimates a
‘net benefit’ for each prediction rule, defined as follows:

Net benefit = sensitivity x prevalence - (1 - specificity) x
prevalence) x w

(1-

where w is the odds of correct diagnosis (high-risk OV in this
case) across different threshold probabilities. In this setting, net
benefit represents a composite of the benefit gained by per-
forming OGD for proven high-risk OV in patients classified as
high risk according to non-invasive scores (true positive) and
risk/discomfort incurred owing to OGD in those without high-
risk OV but who were classified as high risk according to non-
invasive scores (false positive). Threshold probability repre-
sents a theoretical risk level where the expected benefit of
treatment is equal to the expected benefit of withholding
treatment (e.g. the benefit of OGD equals the risk of not per-
forming them). Thus, net benefit is assessed across a range of
threshold probabilities to identify the best diagnostic strategy for
different risk scenarios.

All data were analysed using RStudio (RStudio Inc., Boston,
MA, USA). DCA was implemented in R using code derived from
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Zhang et al.*® In addition to the base packages in R, tidy verse,
survival, survminer, boot, reshape2, and readxl packages were
used.

Results

Patient characteristics

Baseline characteristics (overall and stratified for presence/absence
of high-risk OV) are shown in Table 1. The mean age was 63.7 years,
and 59.6% of patients were male. Sixty percent of patients were
obese, and the prevalence of diabetes and arterial hypertension
were 68.8 and 69.2%, respectively. The mean serum PLT and al-
bumin values were 149.1 x 10°/L and 3.9 g/dI, respectively.

OV were present in 45.9% of cases, and high-risk OV in 15.9%.
The composite of PLT 2150 x 10°/L mmc and LSM <15 kPa was
observed in 15.3% of patients, supporting the absence of CSPH,'°
whereas 42.1% of patients had LSM >25 kPa diagnostic of CSPH.'®
Moreover, 70.2% of patients had LSM >25 kPa, LSM between 20
and 25 kPa plus PLT <150 x 10%/L, or LSM between 15 and 20 kPa
plus PLT <110 x 10°/L, suggestive of being at risk for CSPH."°

Diagnostic accuracy of the Baveno VI, expanded Baveno VI,
and RESIST criteria for high-risk OV

The main analysis was conducted to maximise data for each non-
invasive criterion. A separate analysis was conducted in the
subgroup of patients in whom all three criteria (Baveno VI,
expanded Baveno VI, and RESIST) were available for each
participant.

In the entire cohort, 23.1% of patients met the Baveno VI
criteria to rule out high-risk OV, of whom 18% had any grade OV
and 3.7% had high-risk OV at baseline (Table S1 and Fig. S1). A
total of 43.8% of patients met the expanded Baveno VI criteria, of
whom 20.3% had any grade OV and 7.1% had high-risk OV
(Table S1 and Fig. S1). Finally, 50.1% of patients met the RESIST
criteria, of whom 25.7% had any grade OV and 5% had high-risk
OV (Table S1 and Fig. S1). Consistently, negative predictive
values for the presence of needing treatment were 96.2, 92.8,
and 94.9% for the Baveno VI, expanded Baveno VI, and RESIST
criteria, respectively (Table S1). When looking at the group of
patients in whom all the three non-invasive criteria were
concomitantly available, similar results were observed (Table S1).

The net benefits of the Baveno VI, expanded Baveno VI, and
RESIST criteria for ruling out high-risk OV are displayed in Fig. 1,
showing the number of OGD avoided per 100 patients through a
range of different threshold probabilities of missing high-risk OV.
At the risk threshold of 5%, the net benefit was modest but
highest for the Baveno VI criteria. At the risk thresholds higher
than 10%, and 15% and higher, the RESIST criteria outperformed
both the Baveno VI and expanded Baveno VI criteria.

OV progression/regression in NAFLD cACLD
Fig. 2 depicts the crude rate of OV progression in patients
without or with baseline small OV and the crude rate of OV
regression in patients with baseline small OV.

Occurrence of OV in patients without baseline OV

The actuarial rate of OV development in patients without base-
line OV was 16.3% at 4 years (Fig. 3A). Baseline diabetes was the
only variable that predicted OV development (HR 1.75, 95% CI
1.09-2.81, p = 0.01) (Fig. S2A). No association was found between
non-selective beta-blocker intake and OV development (p = 0.46)
(Fig. S2B).
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Table 1. Baseline demographic, metabolic, laboratory, and instrumental features of patients with NAFLD-related cACLD.

NAFLD cACLD entire NAFLD cACLD without NAFLD cACLD with p value
cohort (N = 629) high-risk OV (n = 529) high-risk OV (n = 100)
Mean age (years) 63.7 £ 9.1 63.5+93 64.5 £ 8.2 0.30
Male sex 59.6% 57.8% 69% 0.03
Mean BMI (kg/m?) 314 55 31556 306 + 4.7 0.12
Obesity 59.8% 60% 58.6% 0.79
AST (IU/L) 48.1 +£259 48.1 £26.3 48.1 £23.9 0.98
ALT (IU/L) 48.7 £32.0 49.7 £33.2 433 +23.8 0.07
PLT ( x 10°/L) 1491 £72.8 155.0 + 71.3 117.8 + 72.8 <0.001
PLT <110 x 10°/L 33.8% 29.3% 57.6% <0.001
PLT <120 x 10°/L 40.4% 35.4% 66.6% <0.001
PLT <150 x 10°/L 58.5% 54.3% 80.8% <0.001
Albumin (g/L) 3904 40+ 04 3.7+05 <0.001
Albumin <3.6 g/L 19% 15.1% 40.2% <0.001
Blood glucose (mg/dl) 129.8 + 48.5 1279 + 46.0 139.8 + 59.5 0.03
Total cholesterol (mg/dl) 168.9 + 474 169.4 + 48.1 166.4 + 43.0 0.59
Triglycerides (mg/dl) 133.8+ 80.7 136.3+ 81.4 119.7+ 75.1 0.10
Type 2 diabetes 68.8% 67.7% 75% 0.14
Arterial hypertension 69.2% 69.4% 68% 0.78
LSM (kPa) 259+ 154 24.6 £+ 14.1 326 +194 <0.001
LSM >20 kPa 57% 54.5% 69.4% 0.007
LSM 225 kPa 42.1% 38.6% 60% <0.001
LSM <15 kPa plus PLT >150 x 10°/L 15.3% 17.4% 4.2% 0.001
LSM >25 kPa, LSM between 20 and 25 kPa plus 70.2% 65.9% 91.6% <0.001
PLT <150 x 10°/L, or LSM between 15 and 20 kPa
plus PLT <110 x 10°/L
Baseline or follow-up anticoagulation therapy 8.5% 6.5% 19.7% <0.001
Baseline or follow-up statin therapy 32.2% 37.4% 35% 0.81
Baseline or follow-up non-selective beta-blocker 31% 21.1% 85.3% <0.001
therapy
Baseline or follow-up selective beta-blocker 22.5% 24.8% 9.7% 0.003
therapy
Baseline or follow-up aspirin therapy 27.4% 28.3% 21.9% 0.46
ov
Presence 45.9%
High-risk OV 15.9%

Mean follow-up 75.6 + 41.5 78.2 + 411 61.6 + 41.0 <0.001

Differences between continuous data were assessed using the Student ¢ test or Mann-Whitney U test. Differences between categorical variables were assessed using the x?

test.
Level of significance p <0.05.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; cACLD, compensated advanced chronic liver disease; LSM, liver stiffness measurement; NAFLD, non-alcoholic

fatty liver disease; OV, oesophageal varices; PLT, platelet count.

Progression of OV in patients with baseline small OV

The actuarial rate of OV progression in patients with baseline
small OV was 22.4% at 4 years (Fig. 3B). Notably, 15% of patients
experienced OV progression compared with those (13.9%) who
have not used non-selective beta-blocker prophylaxis before the
follow-up OGD. The progressive increasing of BMI (5, 7, and 10%),
compared with baseline, predicted OV progression (delta BMI
>5%, HR 2.28, 95% CI 1.19-4.36, p = 0.01; delta BMI >7%, HR 2.21,
95% ClI 1.02-4.77, p = 0.04; delta BMI >10% HR 3.53, 95% CI
1.37-9.07, p = 0.008) (Fig. S3A-C). No other variables, including
non-selective beta-blocker intake, predicted OV progression (p =
0.50) (Fig. S3D).

Regression of OV in patients with baseline small OV

The actuarial rate of OV regression in patients with baseline
small OV was 8% at 4 years (Fig. 3C). No factors predicted OV
regression, including lower rates of BMI increase (BMI increase of
5%, p = 0.18), and non-selective beta-blocker intake (p = 0.72).

0V impact the risk of liver-related complications in NAFLD
cACLD

During a mean follow-up of 75.6 months, 180 patients experi-
enced decompensation, 103 developed HCC, and 44 developed
PVT.

Liver decompensation

Fig. 2 shows the crude rate of decompensation at the end of
follow-up according to OV status. Consistently, the Kaplan-Meier
curve (Fig. 4A) showed that the actuarial rate of incident
decompensation was lowest in patients without OV (1.8% at 1 year,
5.2% at 3 years, and 9.3% at 5 years), intermediate in those with
small OV (4.3% at 1 year, 18.5% at 3 years, and 29.1% at 5 years), and
highest in those with large OV (23.3% at 1 year, 46.4% at 3 years,
and 50.7% at 5 years). Similarly, Fig. S4 depicts that the risk of
decompensation was significantly higher in patients with LSM
>25 kPa (considered as a non-invasive rule-in of CSPH) compared
with their counterparts, significantly higher in patients with a 3P
ML model >0.663 compared with their counterparts, and signifi-
cantly lower in patients with LSM <15 kPa plus PLT >150 x 10°/L
(considered as non-invasive rule-out of CSPH) compared with
their counterparts. Congruently, patients at higher risk of CSPH
because of LSM values >25 kPa, between 20 and 25 kPa and PLT
<150 x 10%/L, or between 15 and 20 kPa and PLT <110 x 10°/L had a
significantly higher risk of decompensation (Fig. S4). Finally, LSM
alone (HR 1.03, 95% CI 1.02-1.04, p <0.001), the ANTICIPATE NASH
score (HR 1.81, 95% CI 1.62-2.02, p <0.001), and the 3P ML model
(HR 2.10, 95% CI 1.79-2.46, p <0.001) also significantly predicted a
higher risk of decompensation. The univariate Cox regression
models showed a significantly higher diagnostic accuracy for the
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score, and 3P ML model compared with all the other non-invasive
scores (Table S2, top).

Multivariate Cox regression disclosed that the presence of
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decompensation, whereas female sex (HR 0.48, 95% CI 0.33-0.70,
p <0.001) had a protective role (Table 2). Replacement of OV with
non-invasive markers of PH into the model confirmed the latter
as independent predictors (HR 1.81, 95% CI 1.24-2.65, p = 0.002
for LSM >25 kPa; HR 4.43, 95% CI 2.12-9.27, p <0.001 for LSM
values >25 kPa, LSM values between 20 and 25 kPa and PLT <150
x 10°/L, or LSM values between 15 and 20 kPa and PLT <110 x 10/
L; HR 1.67, 95% CI 1.47-1.90, p <0.001 for ANTICIPATE NASH
score; HR 1.86, 95% CI 1.53-2.27, p <0.001 for 3P ML model)
except for LSM <15 kPa plus PLT >150 x 10%/L (HR 0.56, 95% ClI
0.29-1.07, p = 0.08). The generated Cox regression models
showed a similar good diagnostic accuracy for the prediction of
decompensation (Table S2, bottom).

Subgroup analyses performed in patients stratified according
to non-invasive markers of PH confirmed the independent as-
sociation of OV with incident decompensation in almost all
subgroups (Table S3).

The availability of data about OV progression/regression
during follow-up allowed us to assess the impact of their
changes during follow-up on the risk of decompensation, and we
considered OV changes that occurred before liver decompensa-
tion. Fig. 5A and Table S4 depict the actuarial risk of decom-
pensation stratified according to OV status during follow-up.
Specifically, we further considered three different classes: (1)
patients without baseline and/or follow-up OV; (2) patients with

JHEP Reports 2023 vol. 5 | 100809

baseline and/or follow-up small OV; and (3) patients with
baseline and/or follow-up large OV. We also assessed the actu-
arial risk of decompensation stratified by changes in the status
from baseline to follow-up of non-invasive markers of PH
(Fig. 5B-D and Table S4). The generated univariate Cox regres-
sion models showed higher diagnostic accuracy for the predic-
tion of decompensation by OV status with respect to non-
invasive markers of PH (Table S5, top).

At multivariate Cox regression analysis, OV changes with
respect to baseline and/or follow-up absence of OV were
confirmed as independent risk factors for decompensation
(baseline and/or follow-up small OV, HR 2.65, 95% CI 1.39-5.05,
p = 0.002; baseline and/or follow-up large OV, HR 4.90, 95% CI
2.49-9.63, p <0.001) (Table 3). Replacing OV changes with vari-
ations in the status of non-invasive markers of PH into the model
confirmed the latter as independent predictors of decompensa-
tion (Table 3). The generated Cox regression models showed a
similar good diagnostic accuracy for the prediction of decom-
pensation (Table S5, bottom).

Portal vein thrombosis

Fig. 2 shows the crude rate of PVT at the end of follow-up ac-
cording to OV status. Consistently, the Kaplan-Meier curve
(Fig. 4B) showed that the actuarial rate of PVT incidence was
lowest in patients without OV (0% at 1 year, 0.3% at 3 years, and



JHEP|Reports

Varices

0.7 — No OV
< — SmallOV
z 0.6 — Large OV

« O 0.5 p <0.001
o = .
>3
0 0.4
g g
383 0.3
O o
T 0.2
9]
= 0.1 _’—/——!_/_,§’—/_,_r——
0.0
0 2 8 10
Time (year)
N° at risk
No OV 260 242 189 123 77 45
SmallOV 184 158 124 78 47 23
Large OV 184 126 91 65 31 13
0.3 Varices
— NooOV
p <0.001 — Small OV
= [ — Large OV
e
S ® 0.2
23
2%
8
o=
os 0.1
S
Q.
0.0
0 2 4 6 8 10
Time (year)
N° at risk
No OV 144 60 60 60 60 60
SmallOV 56 20 20 20 20 20
Large OV 22 9 9 9 9 9
Varices
= — NooOV
s — Small OV
© — Large OV
0.3
.-
2 S p=0.005
£5
5 - 0.2
g5
[
g
8 0.1
©
Q
9]
e
0.0
0 2 4 6 8 10
Time (year)
N° at risk
No OV 260 236 181 119 72 43
Small OV 185 166 131 83 48 25
Large OV 183 158 115 75 37 18

Fig. 4. Actuarial rates of liver-related events occurrence according to baselineabsent, small and large OV. Actuarial rates of (A) liver decompensation, (B)
portal thrombosis, and (C) hepatocellular carcinoma. Kaplan-Meier curves were also used to depict the time-dependent risk of developing events. Level of

significance p <0.05. OV, oesophageal varices.

0.7% at 5 years), intermediate in those with small OV (0.5% at 1
year, 2.9% at 3 years, and 6.5% at 5 years), and highest in those
with large OV (3.1% at 1 year, 7.6% at 3 years, and 22.7% at 5
years).

Multivariate Cox regression disclosed that the presence of
small OV (HR 2.80, 95% CI 1.16-6.474, p = 0.02) and large OV (HR
5.29, 95% CI 1.96-14.2, p = 0.001), and PLT <150 x 10°/L (HR 4.48,

95% CI 1.56-12.8, p = 0.005) were independent risk factors for
incident PVT, whereas female sex (HR 0.42, 95% CI 0.20-0.87, p =
0.02) was protective (Table 2). Replacement of OV with non-
invasive markers of PH into the model disclosed that only the
ANTICIPATE NASH score (HR 1.39, 95% CI 1.06-1.81, p = 0.01) and
the 3P ML model (HR 2.35, 95% CI 1.54-3.58, p <0.001) were
independently associated with incident PVT.
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Table 2. Multivariate analysis of factors associated with liver decompensation (upper), HCC (middle), and portal thrombosis (bottom) in the entire cohort of patients with NAFLD-related cACLD.

Variable

Hazard ratio (95% CI), p value

Liver decompensation

Female sex

Age 265 years

BMI >30 kg/m?
Small OV vs. no OV
Large OV vs. no OV
LSM 225 kPa

LSM <15 kPa

plus PLT 2150 x 10°/L
LSM >25 kPa, LSM
between 20 and

25 kPa plus PLT
<150 x 10°/L, or LSM
between 15 and

20 kPa plus PLT <110
x 10°/L
ARNTICIPATE NASH
score

3P ML model

PLT <150 x 10°/L
Albumin <3.6 g/dl
Statin therapy
Non-selective
beta-blocker therapy

0.48 (0.33-0.70), <0.001
1.50 (1.07-2.11), 0.01
0.90 (0.65-1.27), 0.55
2.24 (147-3.41), <0.001
3.86 (2.34-6.39), <0.001

341 (2.11-5.52) <0.001
2.71 (1.89-3.88) <0.001
0.76 (0.53-1.10), 0.14
1.56 (1.04-2.35), 0.03

0.45 (0.30-0.68), <0.001
1.28 (0.89-1.85), 0.18
0.77 (0.54-1.11), 0.16

1.81 (1.24-2.65), 0.002

3.47 (2.08-5.79), <0.001
2.67 (1.82-3.92), <0.001

0.63 (0.42-0.95), 0.02
2.67 (1.84-3.89), <0.001

0.41 (0.27-0.61), <0.001
1.27 (0.89-1.82), 0.18
0.76 (0.53-1.08), 0.12

0.56 (0.29-1.07), 0.08

2.88 (1.98-4.18), <0.001
0.81 (0.56-1.17), 0.25
3.09 (2.15-4.43), <0.001

0.44 (0.29-0.67), <0.001
1.29 (0.90-1.86), 0.16
0.72 (0.50-1.03), 0.07

4.43 (2.12-9.27), <0.001

2.89 (1.98-4.42), <0.001
0.61 (0.41-0.91), 0.01
2.81 (1.93-4.08), <0.001

0.46 (0.31-0.68), <0.001
1.21 (0.84-1.75), 0.30

1.67 (1.47-1.90), <0.001

2.40 (1.62-3.56), <0.001
0.69 (0.46-1.03), 0.07
2.55 (1.75-3.72), <0.001

0.50 (0.34-0.73), <0.001
0.73 (0.52-1.03), 0.09
1.15 (0.82-1.60), 0.42

1.86 (1.53-2.27), <0.001
2.69 (1.86-3.89), <0.001

0.80 (0.56-1.15), 0.23
2.54 (1.79-3.60), <0.001

HCC

Female Sex

Age 265 years

BMI >30 kg/m?
Small OV vs. no OV
Large OV vs. no OV
LSM >25 kPa

LSM <15 kPa plus
PLT 2150 x 10°/L
LSM >25 kPa, LSM
between 20 and

25 kPa plus PLT
<150 x 10%/L, or LSM
between 15 and

20 kPa plus PLT <110
x 10%/L

ANTICIPATE NASH
score

3P ML model

PLT <150 x 10°/L
Albumin <3.6 g/dl
Statin therapy
Non-selective
beta-blocker therapy

0.27 (0.15-0.49), <0.001
1.75 (1.08-2.84), 0.02
0.75 (0.47-121), 0.23
121 (0.70-2.07), 0.49
1.17 (0.58-2.37), 0.66

218 (1.21-3.92), 0.009
1.67 (0.98-2.85), 0.06
0.67 (0.40-1.13), 0.13
1.67 (0.97-2.88), 0.07

0.21 (0.11-0.42), <0.001
1.77 (1.04-2.99), 0.03
0.62 (0.36-1.04), 0.07

1.05 (0.62-1.78), 0.86

1.98 (1.06-3.69), 0.03
228 (1.29-4.02), 0.004
0.69 (0.40-1.21), 0.19
1.74 (1.02-2.99), 0.03

0.28 (0.15-0.52), <0.001
1.79 (1.07-3.00), 0.02
0.74 (0.45-1.23), 0.24

0.65 (0.28-1.55), 0.33

1.60 (0.91-2.84), 0.10
0.69 (0.40-1.18), 0.17
1.88 (1.05-3.35), 0.03

0.21 (0.10-0.42), <0.001
1.68 (1.0-2.84), 0.04
0.58 (0.34-1.01), 0.08

1.87 (0.89-3.95), 0.09

2.26 (1.30-3.92), 0.003
0.69 (0.40-1.20), 0.19
1.77 (1.03-3.05), 0.03

0.20 (0.10-0.40), <0.001
1.93 (1.16-3.22), 0.001

1.15 (0.98-1.34), 0.09

210 (1.19-3.71), 0.01
0.76 (0.44-1.32), 0.33
1.76 (1.03-3.00), 0.03

0.27 (0.15-0.49), <0.001
0.57 (0.35-1.42), 0.35
1.35 (0.84-2.17), 0.21

1.32 (1.01-1.73), 0.03
2.36 (1.36-4.07), 0.002
0.73 (0.43-1.22), 0.22
1.74 (1.06-2.85), 0.02

PVT

Female sex
Age 265 years
BMI 230 kg/m?

0.42 (0.20-0.87), 0.02
1.24 (0.64-2.42), 0.52
1.04 (0.54-1.99), 0.90

0.20 (0.07-0.56), 0.002
113 (0.52-2.44), 0.75
0.73 (0.35-1.53), 0.40

0.51 (0.24-1.09), 0.08
147 (0.71-3.01), 0.29
113 (0.56-2.31), 0.72

0.21 (0.07-0.57), 0.002
1.03 (0.49-2.20), 0.92
0.60 (0.29-1.25), 0.17

0.21 (0.08-0.56), 0.002
1.18 (0.56-2.48), 0.66

0.48 (0.23-1.00), 0.05
0.93 (0.48-1.79), 0.82
0.93 (0.49-1.76), 0.81

(continued on next page)
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2.35 (1.54-3.58), <0.001
1.89 (0.94-3.81), 0.07
0.55 (0.25-1.20, 0.13
2.50 (1.25-5.00), 0.009

1.39 (1.06-1.81), 0.01
1.46 (0.65-3.29), 0.36
0.42 (0.16-1.10, 0.07
5.28 (2.24-12.4), 0.001

3.86 (0.83-17.9), 0.08
1.78 (0.82-3.86), 0.14
0.34 (0.13-0.89, 0.02
5.64 (2.41-13.1) <0.001

Hazard ratio (95% CI), p value

1.07 (0.31-3.75), 0.91
2.46 (1.18-5.13), 0.01
0.45 (0.20-1.03), 0.05

0.96 (0.45-2.04), 0.90
5.00 (1.43-17.4), 0.01
1.76 (0.79-3.92), 0.16
0.33 (0.12-0.87), 0.02

5.57 (2.38-13.0), <0.001

2.80 (1.16-6.74), 0.02
5.29 (1.96-14.2), 0.001
4.48 (1.56-12.8), 0.005
1.79 (0.89-3.62), 0.10
0.52 (0.24-113), 0.09

<150 x 10°/L, or LSM

between 15 and
20 kPa plus PLT <110

x 10°/L
Statin therapy

Table 2 (continued)
Small OV vs. no OV
Large OV vs. no OV
LSM >25 kPa
LSM <15 KPa plus
PLT >150 x 10°/L
LSM>25 kPa, LSM
between 20 and
25 kPa plus PLT
ANTICIPATE NASH
score
PLT <150 x 10°/L
Albumin <3.6 g/dl
Non-selective

Variable
3P ML model

JHEP|Reports

Hepatocellular carcinoma

Fig. 1 shows the crude rate of HCC at the end of follow-up ac-
cording to OV status. Consistent with the crude rate, the Kaplan-
Meier curve (Fig. 4C) showed that the actuarial rate of HCC
incidence was lowest in patients without OV (0.9% at 1 year, 6.4%
at 3 years, and 10% at 5 years), intermediate in those with small
OV (2.1% at 1 year, 8.1% at 3 years, and 13.4% at 5 years), and
highest in those with large OV (3% at 1 year, 9.5% at 3 years, and
21.7% at 5 years).

Multivariate Cox regression revealed that neither small (HR
1.21, 95% CI 0.70-2.07, p = 0.49) nor large (HR 117, 95% CI
0.58-2.37, p = 0.66) OV were associated with incident HCC,
whereas age >65 years (HR 1.75, 95% CI 1.08-2.84, p = 0.02) and
PLT<150 x 10°/L (HR 2.18, 95% CI 1.21-3.92, p = 0.009) were in-
dependent risk factors. Female sex had a protective effect (HR
0.27, 95% CI 0.15-0.49, p <0.001) (Table 2). Replacing OV with
non-invasive markers of PH into the model revealed that only
the 3P ML model (HR 1.32, 95% CI 1.01-1.73, p = 0.03) was
independently associated with incident HCC (Table 2).

Discussion

In this large retrospective multicentre cohort study of patients
with NAFLD-related cACLD, we found that the presence and size
of OV, as signs of CSPH, independently predicted the risk of
developing decompensation and PVT. We also showed that
changes of OV status during follow-up, primarily related to
metabolic risk factors such as adiposity and diabetes, improved
the risk stratification of PH-related complications.

PH significantly affects the natural history of cACLD,*” but the
measurement of the hepatic venous pressure gradient is not
often used in clinical practice because of its limited availability,
costs, and invasiveness. Consequently, surrogate markers of
CSPH such as OV are expected to facilitate the risk stratification
of liver-related complications in patients with cACLD, including
those with NAFLD.

In the present study, we found that among patients with
NAFLD with cACLD, the 5-year risk of developing decompensa-
tion increased from 9% in patients without OV to 29% in those
with small and further to 50% in those with large baseline OV.
Notably, after adjusting for well-known clinical risk factors, we
confirmed that the baseline presence of small and large OV,
observed in 30 and 15.9% of patients, respectively, increased the
risk of decompensation by twofold and nearly fourfold, respec-
tively. Our data confirm what is already described in patients
with cirrhosis caused by mixed aetiologies or HCV infection.>®
Moreover, a limited number of smaller studies have also iden-
tified the presence of OV as an independent risk factor for
decompensation in patients with NAFLD cirrhosis.”® However,
these studies did not discriminate between small and large OV,
limiting the clinical translatability of their results.

We also investigated the impact of time-dependent OV evo-
lution on the risk of developing decompensation. To our
knowledge, we report the first demonstration that, after
adjusting for confounders, the risk of decompensation was 2.5-
and 5-fold higher in patients with small and large baseline and/
or follow-up large OV, respectively, compared with those
without baseline and/or follow-up OV. Overall, we showed that
in the setting of NAFLD cACLD, OV assessment, as a surrogate
marker of CSPH, can stratify the risk of decompensation.

We observed that all of the Baveno VII non-invasive markers of
PH considered separately, the ANTICIPATE NASH score, and the

1.31 (0.56-3.08), 0.52

1.56 (0.70-3.47), 0.27
3P ML, machine learning three-parameter; cACLD, compensated advanced chronic liver disease; HCC, hepatocellular carcinoma; LSM, liver stiffness measurement; NAFLD, non-alcoholic fatty liver disease; NASH, non-alcoholic

steatohepatitis; OV, oesophageal varices; PLT, platelet count; PVT, portal vein thrombosis.

Multivariate Cox models were used to assess risk factors for decompensation, incident PVT, and HCC.

beta-blocker therapy
Level of significance p <0.05.
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p <0.001 — No baseline and/or no follow-up OV

I
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Time (year)
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207 178 132 83 50 22

193 133 93 65 31 13

LSM
— Baseline and/or follow-up LSM <25

— Baseline and/or follow-up LSM 225
P <0.001

I

0 2 8 10
Time (year)

357 310 248 163 97 56

245 193 139 92 51 21

LSM_PLT
— Baseline and/or follow-up LSM <15 and/or PLT >150

p <0.001 — Baseline and/or follow-up LSM >15 and/or PLT <150

R

0 2 8 10
Time (year)

119 104 87 44 25 16

479 406 306 214 126 63

LSM_PLT

— Baseline and/or follow-up high risk of CSPH by
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p <0.001 — Baseline and/or follow-up no high risk of CSPH by
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)
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Time (year)
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Fig. 5. Actuarial rates of liver decompensation according to follow-up changes in OV and in noninvasive markers of portal hypertension. (A) follow-up
changes in OV; (B) LSM >25 kPa; (C) LSM <15 kPa plus PLT >150 x 10°/L; and (D) LSM >25 kPa, LSM between 20 and 25 kPa and PLT <150 x 10°/L, or LSM be-
tween 15 and 20 kPa and PLT <110 x 10°/L status. Kaplan-Meier curves were also used to depict the time-dependent risk of developing events. Level of sig-
nificance p <0.05. CSPH, clinically significant portal hypertension; LSM, liver stiffness measurement; OV, oesophageal varices; PLT, platelet count.

JHEP Reports 2023 vol. 5 | 100809 10



JHEP|Reports

Table 3. Multivariate analysis of factors associated with liver decompensation by considering changes during follow-up of OV status or of non-invasive

markers of portal hypertension in patients with NAFLD-related cACLD.

Variable Hazard ratio 95% CI p value
Model 1

Female sex 0.49 (0.33-0.72) <0.001
Age 265 years 1.59 (1.11-2.28) 0.01
BMI 230 kg/m? 0.72 (0.51-1.03) 0.07
Baseline and/or follow-up small OV vs. baseline and/or follow-up no OV 2.65 (1.39-5.05) 0.002
Baseline and/or follow-up large OV vs. baseline and/or follow-up no OV 4.90 (2.49-9.63) <0.001
PLT <150 x 109/L 3.06 (1.86-5.03) <0.001
Albumin <3.6 g/dl 2.52 (1.76-3.61) <0.001
Statin therapy 0.68 (0.47-0.99) 0.04
Non-selective beta-blocker therapy 1.4 (0.96-2.05) 0.08
Model 2

Female sex 0.49 (0.33-0.73) <0.001
Age 265 years 1.42 (0.98-2.05) 0.06
BMI 230 kg/m? 0.76 (0.49-1.18) 0.22
Baseline and/or follow-up LSM >25 kPa vs. baseline and/or follow-up LSM <25 kPa 235 (1.59-3.47) <0.001
PLT <150 x 10°/L 3.48 (2.07-5.85) <0.001
Albumin <3.6 g/dl 249 (1.73-3.59) <0.001
Statin therapy 0.61 (0.41-0.89) 0.01
Non-selective beta-blocker therapy 2.31 (1.56-3.42) <0.001
Model 3

Female sex 043 (0.28-0.67) <0.001
Age 265 years 1.46 (0.98-2.17) 0.06
BMI >30 kg/m? 0.70 (0.48-1.03) 0.07
Baseline and/or follow-up LSM >15 kPa and/or PLT <150 x 10°/L vs. baseline and follow- 0.50 (0.29-0.89) 0.01
up LSM <15 kPa plus PLT >150 x 10°/L

Albumin <3.6 g/dl 2.60 (1.78-3.80) <0.001
Statin therapy 0.80 (0.55-1.17) 0.24
Non-selective beta-blocker therapy 2.78 (1.92-4.03) <0.001
Model 4

Female sex 0.44 (0.29-0.66) <0.001
Age 265 years 132 (0.92-1.90) 0.13
BMI >30 kg/m? 0.71 (0.46-1.10) 0.12
Baseline and/or follow-up LSM >25 kPa, LSM between 20 and 25 kPa plus PLT <150 6.92 (2.99-16.01) <0.0001
x 10%/L, or LSM between 15 and 20 kPa plus PLT <110 x 10°/L vs. baseline and/or follow-

up LSM between 20 and 25 kPa plus PLT >150 x 10°/L, LSM between 15 and 20 kPa plus

PLT >110 x 10°/L, or LSM <15 kPa

Albumin <3.6 g/dl 2.86 (2.01-4.05) <0.001
Statin therapy 0.66 (0.46-0.96) 0.02
Non-selective beta-blocker therapy 2.52 (1.75-3.63) <0.001

Multivariate Cox models were used to assess risk factors for decompensation.
Level of significance p <0.05.

cACLD, compensated advanced chronic liver disease; LSM, liver stiffness measurement; NAFLD, non-alcoholic fatty liver disease; OV, oesophageal varices; PLT, platelet count.

new proposed 3P ML model'? can identify patients at higher or

lower risk of decompensation. Moreover, when assessing time-
dependent changes of these variables, baseline and/or follow-up
presence of non-invasive markers of PH identified patients at
higher risk of developing decompensation. Our data raise the
question of whether non-invasive tools can replace the invasive
evaluation of OV to predict decompensation. Our findings suggest
that OV assessment and the use of the ANTICIPATE NASH score or
the 3P ML model are more accurate in the prediction of decom-
pensation than are other non-invasive clinical prediction rules
proposed by the Baveno VII consensus to rule in and rule out
CSPH. We also demonstrated that the presence and severity of OV
accurately stratified the risk of decompensation in the subgroup of
patients stratified at high or low risk of PH by non-invasive scores.
All in all, these data, while demonstrating the clinical utility of OV
evaluation, suggest that the use of non-invasive scores and
comprehensive clinical and biochemical evaluation can be
acceptable, especially in low-resource settings, and that the
ANTICIPATE NASH score and the 3P ML model showed higher
accuracy. Moreover, the clinical relevance of our data needs to be
confirmed prospectively in patients with cACLD and suspected

CSPH taking non-selective beta-blockers to reduce the risk of
decompensation as recommended by the Baveno VII consensus.”

We also confirmed male sex, older age, and lower PLT and
albumin levels as further risk factors for decompensation.
Treatment with non-selective beta-blockers was also associated
with a higher risk of decompensation, even when this associa-
tion was lost when included into the model changes in OV status.
In our setting, treatment with non-selective beta-blockers ap-
pears as a marker of more severe disease, that is, large OV, or the
development of large OV. Further ad hoc studies are needed to
explore in real life the protective effects of this class of drugs
against decompensation as suggested by the PREDESCI trial in
patients with CSPH and no or small OV.2°

Non-neoplastic PVT is another complication of cACLD and is
primarily related to PH. To our knowledge, our study is the first
reported demonstration that in the setting of NAFLD cACLD, the
presence and severity of OV accurately stratify the risk of PVT.
The 5-year risk was negligible in patients without OV (0.7%), low
in those with small OV (6.5%), and high in those with large OV
(22.7%). Notably, after adjusting for confounders, the presence of
small and large OV increased the risk of PVT threefold and
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fivefold, respectively. A prior study of over 1,000 patients with
cirrhosis identified OV as a risk factor for PVT but was focused on
patients with cirrhosis of aetiologies other than NAFLD and did
not discriminate between small and large OV.?” Our study also
showed that the ANTICIPATE NASH score and the 3P ML model
that use non-invasive markers of PH independently predicted
incident PVT. All in all, these results suggest that PVT is directly
related to the severity of PH.

Another relevant issue from our study lies in the description
of the natural history and risk factors of OV evolution. Our
observed 4-year incidence rates of OV in patients without
baseline OV of 16.3% and of OV progression in patients with small
OV at baseline of 22.4% are congruent with those of patients with
cirrhosis of other aetiologies, even though studies on patients
with HCV or alcohol-related cirrhosis reported higher rates of OV
occurrence.”®~3? Notably, our identification of baseline diabetes
and BMI increases of at least 5% as the main risk factors of OV
development/progression highlight the clinical relevance of
metabolic risk factors as drivers of PH-related complications in
patients with NAFLD cACLD,**** and open new opportunities
regarding the potential benefit of drugs to control diabetes and
reduce body weight reduction in the management of PH. We also
observed that 8% of patients with small OV at baseline experi-
enced OV regression at 4-year follow-up, although no significant
predictors were identified. Larger studies that also evaluate the
potential regression of large OV are needed to elucidate this
topic. Such studies could evaluate the rate and risk factors for the
regression of PH and its clinical surrogates such as OV.

Finally, our evaluation of the non-invasive identification of
patients at low risk of high-risk OV not requiring OGD screening
confirmed the superiority of the Baveno VI criteria to the
expanded Baveno criteria in terms of missing high-risk OV,
although at the cost of a lower proportion of spared OGD."*> We
also showed that the RESIST criteria can yield an acceptable ac-
curacy in settings with limited access to LSM. In our DCA, the
Baveno VI criteria showed a modest but higher net benefit than
other scores for ruling out high-risk OV at a threshold probability
of 5% of missing high-risk OV. In comparison, RESIST

Research article

outperformed both the Baveno VI and expanded Baveno VI
criteria at threshold probabilities of 10 and 15%. However, all
scores missed small OV at threshold probabilities from 18 to 25%.
This issue is clinically relevant because we clearly associated
small OV with a higher risk of PH-related complications.

This study has several limitations that should be mentioned.
The first is its retrospective design. Inclusion criteria that
required a baseline OGD may have introduced a selection bias.
We could not exclude surreptitious alcohol use during follow-up
that could have affected OV progression. Although OV size was
determined by several endoscopists, we did not test interob-
server agreement. In addition, the lack of data regarding gastric
varices and portal hypertensive gastropathy may affect the
interpretation of our findings. Secondly, interobserver concor-
dance of LSM examinations was not assessed, which may
potentially limit the strength of our results. However, all tests
were performed by expert operators following the same protocol
and fulfilling validity criteria. Moreover, other studies assessing
NAFLD by using FibroScan® evaluated multicentre cohorts tested
by multiple operators.>>*® Finally, many studies have reported
good interobserver concordance for LSM.*”*® The maximum 6-
month interval between LSM and OGD could further bias our
results. An additional methodological issue is the potentially
limited external validity of the results for different populations
and settings. We evaluated a cohort of patients with NAFLD-
related compensated cirrhosis who were often obese and were
referred to tertiary centres for liver disease and underwent OGD
regardless of Baveno VI screening recommendations, limiting the
applicability of the results in different populations, and espe-
cially in lean and Asiatic populations that were largely under-
represented in this study. Finally, the lack of a competing risk
analysis considering mortality and liver transplantation may
affect the overall interpretation of our results.

In conclusion, we demonstrated the clinical impact of OV
presence, severity, and evolution on the risks of decompensation
and PVT in patients with cACLD caused by NAFLD and also
revealed the role of metabolic risk factors as drivers of OV
occurrence and progression.

Abbreviations

3P ML, machine learning three-parameter; cACLD, compensated
advanced chronic liver disease; CSPH, clinically significant portal hyper-
tension; DCA, decision curve analysis; HCC, hepatocellular carcinoma; HR,
hazard ratio; LSM, liver stiffness measurement; NAFLD, non-alcoholic
fatty liver disease; NASH, non-alcoholic steatohepatitis; OGD, oesopha-
gogastroduodenoscopy; OV, oesophageal varices; PH, portal hyperten-
sion; PLT, platelet count; PVT, portal vein thrombosis; RESIST, Rete Sicilia
Selezione Terapia.

Financial support

The research leading to the results of this study has received funding
from MIUR under PNRR M4C2I1.3 Heal Italia project PEO0000019 CUP
B73C22001250006 to SP. The project is supported by the Italian PNRR-
MAD-2022-12375656 project. The project is supported by the Italian
RF-2021-12372399 project. GS is supported by a Senior Salary Award
from Fonds de Recherche du Quebec - Sante (#296306).

Conflict of interest

The authors declare no conflicts of interest that pertain to this work.
Please refer to the accompanying ICMJE disclosure forms for further

details.

Authors’ contributions

Designed the study, contributed to data acquisition, was responsible for
writing the manuscript, and participated in statistical analysis: SP.
Responsible for the project and writing of the manuscript: GP, ME, MV, ES,
VdL, AB, VWW, ALF, GS, MR-G, EB, GS-B, FM, AA, LV, VC, AC, GDM, CLM,
HL, YM, NP, FR, CL-R, DS, AC, VDM, CC.

Seen and approved the final version of the manuscript: all authors.

Data availability statement
Research data are confidential.

Supplementary data
Supplementary data to this article can be found online at https://doi.org/1
0.1016/j.jhepr.2023.100809.

References

[1] Gu W, Hortlik H, Erasmus HP, Schaaf L, Zeleke Y, Uschner FE, et al. Trends
and the course of liver cirrhosis and its complications in Germany:
nationwide population-based study (2005 to 2018). Lancet Reg Health Eur
2021;12:100240.

[2] Vitale A, Svegliati-Baroni G, Ortolani A, Cucco M, Dalla Riva GV,
Giannini EG, et al. Epidemiological trends and trajectories of MAFLD-

JHEP Reports 2023 vol. 5 | 100809 12


https://doi.org/10.1016/j.jhepr.2023.100809
https://doi.org/10.1016/j.jhepr.2023.100809
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref1
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref1
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref1
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref1
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref2
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref2

associated hepatocellular carcinoma 2002-2033: the ITA.LL.CA database.
Gut 2023;72:141-152.

[3] Petta S, Ting ], Saragoni S, Degli Esposti L, Shreay S, Petroni ML, et al.
Healthcare resource utilization and costs of nonalcoholic steatohepatitis
patients with advanced liver disease in Italy. Nutr Metab Cardiovasc Dis
2020;30:1014-1022.

[4] Ripoll C, Groszmann R, Garcia-Tsao G, Grace N, Burroughs A, Planas R, et al.
Hepatic venous pressure gradient predicts clinical decompensation in pa-
tients with compensated cirrhosis. Gastroenterology 2007;133:481-488.

[5] D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic in-
dicators of survival in cirrhosis: a systematic review of 118 studies.
] Hepatol 2006;44:217-231.

[6] Di Marco V, Calvaruso V, Ferraro D, Bavetta MG, Cabibbo G, Conte E, et al.

Effects of viral eradication in patients with hepatitis C virus and cirrhosis

differ with stage of portal hypertension. Gastroenterology 2016;151:130-

139.e2.

Allen AM, Therneau TM, Ahmed OT, Gidener T, Mara KC, Larson J], et al.

Clinical course of non-alcoholic fatty liver disease and the implications for

clinical trial design. ] Hepatol 2022;77:1237-1245.

Calzadilla-Bertot L, Vilar-Gomez E, Wong VW, Romero-Gomez M, Aller-de

la Fuente R, Wong GL, et al. ABIDE: an accurate predictive model of liver

decompensation in patients with nonalcoholic fatty liver-related
cirrhosis. Hepatology 2021;73:2238-2250.

Dajti E, Ravaioli F, Marasco G, Alemanni LV, Colecchia L, Ferrarese A, et al.

A combined Baveno VII and spleen stiffness algorithm to improve the

non-invasive diagnosis of clinically significant portal hypertension in

patients with compensated advanced chronic liver disease. Am ] Gastro-
enterol 2022;117:1825-1833.

[10] de Franchis R, Bosch ], Garcia-Tsao G, Reiberger T, Ripoll C, Baveno VII
Faculty. Baveno VII -renewing consensus in portal hypertension. ] Hepatol
2022;76:959-974.

[11] Pons M, Augustin S, Scheiner B, Guillaume M, Rosselli M, Rodrigues SG,
et al. Noninvasive diagnosis of portal hypertension in patients with
compensated advanced chronic liver disease. Am ] Gastroenterol
2021;116:723-732.

[12] Reinis ], Petrenko O, Simbrunner B, Hofer BS, Schepis F, Scoppettuolo M,
et al. Assessment of portal hypertension severity using machine learning
models in patients with compensated cirrhosis. ] Hepatol 2023;78:390-
400.

[13] Petta S, Sebastiani G, Bugianesi E, Vigand M, Wong VW, Berzigotti A,
et al. Non-invasive prediction of esophageal varices by stiffness and
platelet in non-alcoholic fatty liver disease cirrhosis. ] Hepatol 2018;69:
878-885.

[14] Calvaruso V, Cacciola I, Licata A, Madonia S, Benigno R, Petta S, et al. Is
transient elastography needed for noninvasive assessment of high-risk
varices? The REAL experience. Am ] Gastroenterol 2019;114:1275-1282.

[15] Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ], Cummings OW,
et al. Design and validation of a histological scoring system for nonalco-
holic fatty liver disease. Hepatology 2005;41:1313-1321.

[16] Papatheodoridi M, Hiriart JB, Lupsor-Platon M, Bronte F, Boursier ],
Elshaarawy O, et al. Refining the Baveno VI elastography criteria for the
definition of compensated advanced chronic liver disease. ] Hepatol
2021;74:1109-1116.

[17] Wong VW, Irles M, Wong GL, Shili S, Chan AW, Merrouche W, et al. Unified
interpretation of liver stiffness measurement by M and XL probes in non-
alcoholic fatty liver disease. Gut 2019;68:2057-2064.

[18] Boursier J, Zarski JP, de Ledinghen V, Rousselet MC, Sturm N, Lebail B, et al.
Determination of reliability criteria for liver stiffness evaluation by tran-
sient elastography. Hepatology 2013;57:1182-1191.

[19] European Association for the Study of the Liver. EASL Clinical Practice
Guidelines: management of hepatocellular carcinoma. ] Hepatol
2018;69:182-236.

17

8

9

JHEP|Reports

[20] Cillo U, Burra P, Mazzaferro V, Belli L, Pinna AD, Spada M, et al.
A multistep, consensus-based approach to organ allocation in liver
transplantation: toward a “blended principle model”. Am ] Transpl
2015;15:2552-2561.

[21] Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evalu-
ating prediction models. Med Decis Making 2006;26:565-574.

[22] Vickers A], van Calster B, Steyerberg EW. A simple, step-by-step guide to
interpreting decision curve analysis. Diagn Progn Res 2019;3:18.

[23] Calvaruso V, Celsam C, D’Ambrosio R, Simone F, Petta S, Cacciola I, et al.
RESIST-HCV criteria to monitor progression of low-risk esophageal varices
in patients with compensated cirrhosis after HCV eradication. The SIMPLE
study: simple: scoring Index to Monitor Progression of Low-risk Esoph-
ageal varices. Am ] Gastroenterol 2022;117:1816-1824.

[24] Pennisi G, Enea M, Pandolfo A, Celsa C, Antonucci M, Ciccioli C, et al. AGILE
3+ score for the diagnosis of advanced fibrosis and for predicting liver-
related events in NAFLD. Clin Gastroenterol Hepatol 2023;21:1293-
1302.e5.

[25] Zhang Z, Rousson V, Lee WC, Ferdynus C, Chen M, Qian X, et al. Decision
curve analysis: a technical note. Ann Transl Med 2018;6:308.

[26] Villanueva C, Albillos A, Genesca ], Garcia-Pagan JC, Calleja JL, Aracil C, et al.
B blockers to prevent decompensation of cirrhosis in patients with clini-
cally significant portal hypertension (PREDESCI): a randomised, double-
blind, placebo-controlled, multicentre trial. Lancet 2019;393:1597-1608.

[27] Nery F, Chevret S, Condat B, de Raucourt E, Boudaoud L, Rautou PE, et al.
Causes and consequences of portal vein thrombosis in 1,243 patients with
cirrhosis: results of a longitudinal study. Hepatology 2015;61:660-667.

[28] Groszmann R], Garcia-Tsao G, Bosch ], Grace ND, Burroughs AK, Planas R,
et al. Beta-blockers to prevent gastroesophageal varices in patients with
cirrhosis. N Engl ] Med 2005;353:2254-2261.

[29] Merli M, Nicolini G, Angeloni S, Rinaldi V, De Santis A, Merkel C, et al.
Incidence and natural history of small esophageal varices in cirrhotic
patients. ] Hepatol 2003;38:266-272. 4.

[30] Zoli M, Merkel C, Magalotti D, Gueli C, Grimaldi M, Gatta A, et al. Natural
history of cirrhotic patients with small esophageal varices: a prospective
study. Am ] Gastroenterol 2000;95:503-508.

[31] Gentilini P, Laffi G, La Villa G, Romanelli RG, Buzzelli G, CasiniRaggi V, et al.
Long course and prognostic factors of virus-induced cirrhosis of the liver.
Am ] Gastroenterol 1997;92:66-72.

[32] Cale’s P, Desmorat H, Vinel JP, Caucanas JP, Ravaud A, Gerin P, et al. Inci-
dence of large oesophageal varices in patients with cirrhosis: application
to prophylaxis of first bleeding. Gut 1990;31:1298-1302.

[33] Berzigotti A, Albillos A, Villanueva C, Genesca ], Ardevol A, Augustin S,
et al. Effects of an intensive lifestyle intervention program on portal hy-
pertension in patients with cirrhosis and obesity: the SportDiet study.
Hepatology 2017;65:1293-1305.

[34] Berzigotti A, Garcia-Tsao G, Bosch ], Grace ND, Burroughs AK, Morillas R,
et al. Obesity is an independent risk factor for clinical decompensation in
patients with cirrhosis. Hepatology 2011;54:555-561.

[35] Wong VW, Vergniol J, Wong GL, Foucher ], Chan HL, Le Bail B, et al.
Diagnosis of fibrosis and cirrhosis using liver stiffness measurement in
nonalcoholic fatty liver disease. Hepatology 2010;51:454-462.

[36] Wong VW, Vergniol ], Wong GL, Foucher ], Chan AW, Chermak F, et al.
Liver stiffness measurement using XL probe in patients with nonalcoholic
fatty liver disease. Am ] Gastroenterol 2012;107:1862-1871.

[37] Afdhal NH, Bacon BR, Patel K, Lawitz E], Gordon SC, Nelson DR, et al.
Accuracy of FibroScan, compared with histology, in analysis of liver
fibrosis in patients with hepatitis B or C: a United States multicenter
study. Clin Gastroenterol Hepatol 2015;13:772-779. el1-e3.

[38] Boursier ], Konate A, Guilluy M, Gorea G, Sawadogo A, Quemener E, et al.
Learning curve and interobserver reproducibility evaluation of liver
stiffness measurement by transient elastography. Eur ] Gastroenterol
Hepatol 2008;20:693-701.

JHEP Reports 2023 vol. 5 | 100809 13


http://refhub.elsevier.com/S2589-5559(23)00140-4/sref2
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref2
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref3
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref3
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref3
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref3
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref4
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref4
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref4
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref5
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref5
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref5
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref6
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref6
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref6
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref6
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref7
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref7
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref7
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref8
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref8
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref8
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref8
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref9
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref9
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref9
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref9
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref9
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref10
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref10
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref10
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref11
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref11
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref11
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref11
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref12
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref12
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref12
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref12
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref12
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref13
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref13
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref13
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref13
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref14
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref14
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref14
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref15
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref15
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref15
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref16
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref16
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref16
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref16
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref17
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref17
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref17
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref18
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref18
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref18
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref19
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref19
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref19
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref20
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref20
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref20
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref20
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref21
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref21
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref22
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref22
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref23
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref23
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref23
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref23
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref23
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref24
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref24
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref24
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref24
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref24
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref25
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref25
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref26
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref26
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref26
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref26
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref27
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref27
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref27
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref28
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref28
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref28
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref29
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref29
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref29
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref30
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref30
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref30
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref31
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref31
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref31
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref32
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref32
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref32
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref33
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref33
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref33
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref33
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref34
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref34
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref34
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref35
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref35
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref35
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref36
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref36
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref36
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref37
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref37
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref37
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref37
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref38
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref38
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref38
http://refhub.elsevier.com/S2589-5559(23)00140-4/sref38

Journal of Hepatology, Volume 5

Supplemental information

Oesophageal varices predict complications in compensated advanced
non-alcoholic fatty liver disease

Grazia Pennisi, Marco Enea, Mauro Vigano, Filippo Schepis, Victor de
Ledinghen, Annalisa Berzigotti, Vincent Wai-Sun Wong, Anna Ludovica
Fracanzani, Giada Sebastiani, Carmen Lara-Romero, Elisabetta
Bugianesi, Gianluca Svegliati-Baroni, Fabio Marra, Alessio Aghemo, Luca
Valenti, Vincenza Calvaruso, Antonio Colecchia, Gabriele Di Maria, Claudia La
Mantia, Huapeng Lin, Yuly P. Mendoza, Nicola Pugliese, Federico
Ravaioli, Manuel Romero-Gomez, Dario Saltini, Antonio Craxi, Vito Di
Marco, Calogero Camma, and Salvatore Petta



Oespohageal varices predict complications in compensated advanced

non-alcoholic fatty liver disease

Grazia Pennisi, Marco Enea, Mauro Vigano, Filippo Schepis, Victor de Ledinghen,
Annalisa Berzigotti, Vincent Wai-Sun Wong, Anna Ludovica Fracanzani, Giada Sebastiani,
Carmen Lara-Romero, Elisabetta Bugianesi, Gianluca Svegliati-Baroni, Fabio Marra,
Alessio Aghemo, Luca Valenti, Vincenza Calvaruso, Antonio Colecchia, Gabriele Di Maria,
Claudia La Mantia, Huapeng Lin, Yuly P. Mendoza, Nicola Pugliese, Federico Ravaioli,
Manuel Romero-Gomez, Dario Saltini, Antonio Craxi, Vito Di Marco, Calogero Camma,

Salvatore Petta

Table of contents

(O70] g (4] o1U1 (o] £ J P PO P O PPPP O PPPPPPPP 2
T TR R 3
T S PSPPSR 4
T S U PUSSPRRRTRIN 6
T TR T OSSR 10
= o] L= 2 S 13
L= o] L= 77O 15
L= o] L= 2 7SR 17
L= o] L= 7 SO 18
L= o] L= 1 J SR 20



Contributors

S. Petta designed the study, contributed to data acquisition, was responsible for writing the manuscript, and participated in statistical
analysis. G Pennisi, M Enea, M Vigano, F Schepis, V de Ledinghen, A Berzigotti, VW Wong, AL Fracanzani, G Sebastiani, M Romero-
Gomez, E Bugianesi, G Svegliati-Baroni, F Marra, A Aghemo, L Valenti, V Calvaruso, A Colecchia, G Di Maria, C La Mantia, H Lin, Y
Mendoza, N Pugliese, F Ravaioli, C Lara-Romero, D Saltini- A Craxi, V Di Marco, C Camma were responsible for the project and

writing of the manuscript. All authors have seen and approved the final version of the manuscript.



Fig. S1.

629 NAFLD cACLD patients

B BavenoVi @ Expanded BavenoVi

@ ResistCriteria

-

High-risk EV=100

50,1

\

Spared Missed
EGD High-risk EV

Missed
small EV




p=0.01

o
(3]

o
a

— No Diabetes

’ —_— Diabetes

without baseline EV (%)
o o
N w

Probability of EV occurrence in patients

01
0.0
1 2 4 6 8 10
Time (Year)
N. at Risk
102 95 T 48 28 14 No Diabetes
234 215 156 95 55 23 Diabetes
Fig. S2A.



05

p=0.46

04
wi
t
& 03
‘B |
©
Q —
ES
@
>
tc
: —
g2
o ™
= -]
by o
6 2
=
£5
D
[1:]
€
S
o
0 24 43 72 96 120
Time (Years)
Number at risk
" 2 Nonselective beta-
. - - » 16 1 blockers intake
5 aq S N v Nonselective beta-
; e w 28 blockers no intake
Fig. S2B.



p=0.01

o
[+

o
-~

o
(=]

— BMlI increase <5%

== - BMI increase >5%

Probability of EV progression in patients
with baseline small EV (%)
o
[&,]

04
0.3
0.2
01
0.0
1 2 4 6 8 10
Time (Year)
N. at Risk
106 91 63 33 19 10 BMI increase <5%
22 20 12 5 2 1 BMI increase >5%
Fig. S3A.



i
(=]

<
0

o
o)

=
~l

o
(=]

— BMI increase <7%
— BMl increase >7%

with baseline small EV (%)
o
wn

Probability of EV progression in patients

04
0.3
02
01
0.0
1 2 4 6 8 10
Time (Year)
N. at Risk
114 98 68 36 20 10 BMI increase <7%
14 12 7 2 1 1 BMl increase >7%
Fig. S3B.



ey
o

o
0

o
o)

p=0.005

<
-~

o
(o]

== BMI increase <10%
—_ BMl increase >10%

o
wn

Probability of EV progression in patients
with baseline small EV (%)
< <o < ©
- N w o

o
o

1 2 4 6 8 10
Time (Year)
N. at Risk

121 105 72 38 21 10  BMlincrease <10%
7 5 3 1 1 1 BMl increase >10%

Fig. S3C.



05

0.4

03

02

0.1

with baseline small EV (%)

0.0

Probability of EV progression in patients

Fig. S3D.

Number at risk

46

p=0.50

24

Time (Years)

Nonselective beta-
blockers intake

Nonselective beta-
blockers no intake



Eo5 p<0.001
c
(=]
-
[
[}
G804
[= 8
E
[=]
o
003 —  LSM<25 KPa
E — LSM=25 KPa
2
-
[=]

02
z
3
[
o
201
o

0.0

0 2 4 6 8 10
Time (Year)
N. at Risk
335 294 228 159 95 45  LSM<25KPa
243 189 142 85 46 28  LSMZ25KPa

Fig. S4A.

10



p<0.001

o
IS

— LSM>15 and/or PLT<150

—_— LSM <15and PLT 2150

S
(¥

Probability of Liver Decompensation (%)
o
w

N

00
0 2 4 6 8 10
Time (Year)
N. at Risk
486 404 309 209 122 5Q  LSM>15and/or PLT<150
88 82 66 40 25 17 LSMsi5and PLT 2150

Fig. S4B.

11



o
.

Mo High Risk of CSPH by composite
combination of LSM and PLT

e HighRisk of CSPH by composite
combination of LSM and PLT

=
[

Probability of Liver Decompensation (%)
o o
—_ w

2 4 6 8 10
Time (Year)
N. at Risk
7 160 31 92 56 28 Mol s o
404 322 237 150 83 42 T riena it

Fig. S4C.

12



Table S1. Diagnostic Accuracy for High-risk EV of Baveno VI, Extended Baveno VI and Resist Criteria in Patients with NAFLD-related cACLD.

Entire Cohort (N=629)

High-risk EV (%)— 100 (15.9)

Spared Endoscopies (%) 133(23.1)
Missed High-risk EV n. (%) 5(3.7)

Baveno VI Criteria Missed small EV (%) 24 (1%0)
PLT> 150 X10° and LSM < 20 kPa Sensitivity 94.6%
N=575 (94 High-risk EV) Specificity 26.6%
NPV 96.2%
PPV 20.1%

Spared Endoscopies (%) 251(43.8)
Missed High-risk EV n. (%) _18(7.1)

Extended Baveno VI Criteria Missed small EV (%) 51 (29)-3)
PLT> 110 X10% and LSM < 25 kPa Sensitivity 80.8%
N=575 (94 High-risk EV) Specificity 48.4%
NPV 92.8%
PPV 23.4%

Spared Endoscopies (%) 296(50.1)
Missed High-risk EV n. (%) _15(5.0)

Resist Criteria Missed small EV (%) 76(25.7)
PLT> 120 X102 and Albumin < 3.6 g/L Sensitivity 83.7 o/°
N=590 (92 High-risk EV) Specificity 56.4%
NPV 94.9%
PPV 26.1%

Sub-group of Patients where all criteria were concomitantly available (N=547)

High-risk EV (%)— 88 (16.1)

Spared Endoscopies (%) 125(22.8)

Baveno VI Criteria Missed High-risk EV n. (%) 5(4)

PLT> 150 X103 and LSM < 20 kPa Missed small EV (%) 22(17.6)

N=547 (88 High-risk EV) Sensitivity 94.3%
Specificity 26.1%
NPV 96%
PPV 19.6%
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Extended Baveno VI Criteria
PLT> 110 X102 and LSM < 25 kPa
N=547 (88 High-risk EV)

Spared Endoscopies (%) 234(42.8)
Missed High-risk EV n. (%) 15(6.4)

Missed small EV (%) 49 (20.9)
Sensitivity 82.9%
Specificity 47.7%
NPV 93.5%
PPV 23.3%

Resist Criteria
PLT> 120 X103 and Albumin < 3.6 g/L
N=547 (88 High-risk EV)

Spared Endoscopies (%) 285(52.1)
Missed High-risk EV n. (%)  14(4.9)

Missed small EV (%) 72(25.2)
Sensitivity 84.1%
Specificity 59.1%
NPV 95.1%
PPV 28.2%

14



Table S2. Diagnostic accuracy, generated by univariate and multivariate Cox regression models, of baseline EV status, or noninvasive markers of PH for the prediction

of liver decompensation in patients with NAFLD-related cACLD.

Time Unadjusted AUC Unadj d Unadj d Unadj d Unadj d Unadjusted P value' P value’ P value’ P value® P value® P value® P value’ P value® P value’ P value" P value" P value” P value” P value" P value™
LSM>=25kPa AUC EV AUC LSM AUC LSM>25 ANTICIPATE AUC 3P ML
Status <15 kPa plus kPa or LSM NASH AUC Model
PLT between 20-25
>150x109/L kPa plus PLT
<150x10°/L, or
LSM between
15-20 kPa plus
PLT
<110x10°/L
1 year 0.689 0.761 0.527 0.626 0.788 0.696 0.54 0.008 0.35 0.01 0.90 <0.001 0.007 0.90 0.90 0.01 <0.001 0.002 0.001 0.70 0.13
3 0.646 0.771 0.548 0.664 0.810 0.778 0.009 0.01 0.85 <0.001 0.009 <0.001 0.002 0.76 0.85 <0.001 <0.001 <0.001 <0.001 <0.001 0.66
years
5 0.648 0.720 0.549 0.682 0.795 0.781 0.26 0.01 0.43 <0.001 0.005 <0.001 0.47 0.19 0.31 <0.011 <0.001 <0.001 <0.001 0.003 0.61
years
8 0.658 0.714 0.547 0.683 0.797 0.789 0.56 0.01 0.77 <0.001 0.008 <0.001 0.77 0.17 0.24 <0.001 <0.001 <0.001 <0.001 0.001 0.77
years
AUC  of the AUC of the AUC of the AUC of the AUC  of  the AUC of the P value' P value’ P value’ P value' P value® P value® P value’ P value® P value’ P value™ P value" P value” P value™ P value' P value™
model’ including model’ model® model® model* model”
LSM>=25kPa including EV includi includi includi including
Status LSM <15 kPa LSM>25 kPa ANTICIPATE AUC 3P ML
plus PLT or LSM NASH Model
>150x109/L between 20-25
kPa plus PLT
<150x10°/L, or
LSM between
15-20 kPa plus
PLT
<110x10°/L
1 year 0.816 0.820 0.799 0.806 0.844 0.813 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.81 0.83 0.83 0.83 0.83
3 0.882 0.890 0.854 0.873 0.900 0.894 0.84 0.61 0.94 0.61 0.42 0.57 0.74 0.91 0.57 0.65 0.33 0.34 0.59 0.50 0.94
years
5 0.856 0.866 0.822 0.855 0.867 0.868 0.83 0.64 0.83 0.83 0.83 0.42 0.83 0.83 0.83 0.46 0.54 0.27 0.83 0.83 0.83
years
8 0.880 0.885 0.826 0.863 0.882 0.889 0.92 0.28 0.92 0.92 0.92 0.13 0.92 0.92 0.92 0.42 0.29 0.11 0.92 0.92 0.92
years

!Comparison between EV status and LSM>=25 kPa; 2Comparison between LSM>=25 kPa and LSM <15 kPa plus PLT >150x109/L; > Comparison between LSM>=25 kPa and
LSM>25 kPa or LSM between 20-25 kPa plus PLT <150x10°/L, or LSM between 15-20 kPa plus PLT <110x10°/L; 4 Comparison between LSM>=25 kPa and
ANTICIPATE NASH score; 5 Comparison between LSM>=25 kPa and 3P ML model; ¢ Comparison between EV status and LSM <15 kPa plus PLT >150x109/L; ’
Comparison between EV status and LSM>25 kPa or LSM between 20-25 kPa plus PLT <150x10°/L, or LSM between 15-20 kPa plus PLT <110x10°/L; 3Comparison
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between EV status and ANTICIPATE NASH score; *Comparison between EV status and 3P ML model; ’Comparison between LSM <15 kPa plus PLT >150x109/L
and LSM>25 kPa or LSM between 20-25 kPa plus PLT <150x109/L, or LSM between 15-20 kPa plus PLT <110x10°/L; ""Comparison between LSM <15 kPa plus PLT
>150x109/L. and ANTICIPATE NASH score; 2Comparison between LSM <15 kPa plus PLT >150x109/L. and 3P ML model; '*Comparison between LSM>25 kPa or
LSM between 20-25 kPa plus PLT <150x10°/L, or LSM between 15-20 kPa plus PLT <110x10°/L. and ANTICIPATE NASH score; “Comparison between LSM>25 kPa
or LSM between 20-25 kPa plus PLT <150x10%L, or LSM between 15-20 kPa plus PLT <110x10°/L and 3P ML model; '*Comparison between ANTICIPATE NASH
score and 3P ML model.

*Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, LSM>= 25'kPa, Albumin <3.6 g/dl, Platelet <150x10°L, statin treatment, nonselective
beta-blockers treatment.

°Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, Albumin <3.6 g/dl, Platelet <150x10%L, EV status, statin treatment, nonselective beta-
blockers treatment.

$Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, Albumin <3.6 g/dl, LSM <15 kPa plus PLT >150x109/L, statin treatment, nonselective
beta-blockers treatment.

%Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, Albumin <3.6 g/dl, LSM>25 kPa or LSM between 20-25 kPa plus PLT <150x10°/L, or
LSM between 15-20 kPa plus PLT <110x10%/L, statin treatment, nonselective beta-blockers treatment.

$Variables included in the model: Gender, Age >=65 years, Albumin <3.6 g/dl, ANTICIPATE NASH score, statin treatment, nonselective beta-blockers treatment.

% Variables included in the model: Gender, Age >=65 years, Albumin <3.6 g/dl, 3P ML Model >0.663, statin treatment, nonselective beta-blockers treatment.
Comparison among AUROCs was done by using Del.ong test.
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Table S3. Adjusted Hazard Ratio by multivariate Cox regression analyses of small and large EV for the prediction of liver decompensation in sub-groups of NAFLD-

related cACLD patients stratified according to noninvasive markers of PH.

HR' 95%C.I. p value

LSM2>25 kPa small EV 1.92,1.04-3.54, p=0.03
large EV  3.11, 1.57-6.18, p=0.001
LSM<25 kPa small EV 1.79, 0.83-3.85, p=0.13

large EV  3.74,1.41-9.92, p=0.008

LSM <15 kPa plus PLT >150x109/L small EV 14.5,2.07-102.5, p=0.07
No cases
LSM>15 kPa and/or PLT<150x109/L small EV 2.14,1.36-3.36, p<0.01

large EV 3.33,1.89-5.86, p<0.001

LSM>25 kPa or LSM between 20-25 kPa plus PLT | small EV 3.59, 0.55-23.5, p=0.18
<150x109/L, or LSM between 15-20 kPa plus PLT
<110x109/L

large EV 0.05, 0-3.10, p=0.15

LSM between 20-25 kPa plus PLT >150x109/L, or | small EV 2.16, 1.33-3.48, p=0.001
LSM between 15-20 kPa plus PLT >110x109/L or
LSM<15 kPa

large EV 3.46, 1.99-6.03, p<0.001
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Table S4. Actuarial rate of liver decompensation according to follow-up changes in EV, or in noninvasive markers of PH in patients with NAFLD-related cACLD.

Time No baseline, Baseline small EV, Baseline and No baseline EV, Progression to Baseline
no follow-up EV no follow-up EV follow-up small EV follow-up small EV large follow-up EV | large EV
1year 0.8% 4.2% 4.8% 5% 3.6% 23.3%
3 years 1.3% 9% 19.5% 7.5% 24.6% 46.4%
5 years 4.4% 14.3% 28.9% 14.1% 35.5% 50.7%
8 years 8.3% 14.3% 42% 21.4% 53.9% 69.4%
Time Baseline LSM<25 kPa, Baseline LSM<25 kPa, Baseline LSM>=25 kPa, Baseline LSM>=25 kPa,
follow-up LSM<25 kPa follow-up LSM>=25 kPa follow-up LSM<25 kPa follow-up LSM>=25 kPa
1year 2.6% 0% 4.5% 13.2%
3 years 6.7% 0% 11.2% 28.3%
S years 9% 2.2% 13.4% 34.6%
8 years 15.7% 13.5% 16% 55.2%
Time Baseline and follow-up | Baseline LSM <15 kPa | Baseline LSM>15 kPa | Baseline and follow-up
LSM <15 kPa plus PLT | plus PLT >150x10%L, | and/or PLT<150x10°L, | LSM>15 kPa  and/or
>150x10°/L follow-up LSM>15 kPa | follow-up LSM <15 kPa | PLT<150x10°/L
and/or PLT<150x10°L plus PLT >150x10°/L
1year 0% 8.6% 2% 2.6%
3 years 0% 14.5% 2% 11.8%
Syears 0% 17.5% 5.2% 20%
8 years 6.7% 21.9% 18.7% 30.5%
Time Baseline and follow-up | Baseline LSM between 20- | Baseline LSM>25 kPa or | Baseline and follow-up

LSM between 20-25 kPa
plus PLT >150x10°/L, or

25 kPa  plus
>150x10°/L, or

PLT
LSM

LSM between 20-25 kPa
plus PLT <150x10°/L, or

LSM>25 kPa or LSM
between 20-25 kPa plus
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LSM between 15-20 kPa

between 15-20 kPa plus

LSM between 15-20 kPa

PLT <150x10°/L, or LSM

plus PLT >110x10°/L or | PLT >110x10°/L or | plus PLT <110x10°/L between 15-20 kPa plus
LSM<15 kPa LSM<15 kPa Follow-up LSM between | PLT <110x10°/L
Follow-up LSM>25 kPa | 20-25 kPa plus PLT
or LSM between 20-25 | >150x10°/L, or LSM
kPa plus PLT <150x10°/L, | between 15-20 kPa plus
or LSM between 15-20 | PLT  >110x10°/L  or
kPa plus PLT <110x10%L | LSM<15 kPa
1year 1.8% 0% 4% 8%
3 years 1.8% 0% 8.1% 19.8%
5 years 1.8% 2.9% 8.1% 25.5%
8 years 6.5% 6.6% 8.1% 41.5%

Kaplan Meier curves were also used to depict the time-dependent risk of developing events.

Table SS5. Diagnostic accuracy, generated by univariate and multivariate Cox regression models, of changes during follow-up of EV status, or of noninvasive markers

of PH for the prediction of LD in patients with NAFLD-related cACLD.

19




Time Unadjusted Unadjusted | Unadjusted | Unadjusted AUC LSM>25 kPa or LSM between | P value' | Pvalue’ | Pvalue* | Pvalue* | Pvalue’ | P value®
AUC AUC EV | AUC LSM | 20-25 kPa plus PLT <150x10°/L, or LSM between
LSM>=25kPa | Status <15 kPa | 15-20 kPa plus PLT <110x10°/L changes
changes changes plus PLT
>150x10°/L
changes
Tyear [ 0.621 0.732 0.547 0.601 0.19 [036 |062 [ <0001 [o01 0.46
3years | ().607 0.766 0.548 0.617 <0.001 | 0.16 0.70 <0.001 <0.001 0.02
Syears | (0,632 0.716 0.545 0.649 0.02 0.01 0.47 <0.001 0.02 <0.001
8years [0.634 0.751 [ 0.521 0.658 0.001 [ 0.001 |[0.36 | <0001 [0.002 [ <0.001
AUC of the | AUC of the | AUC of the | AUC of the model® including LSM>25 kPa or | Pvalue! | Pvalue? | Pvalue’ | Pvalue* | Pvalue’® | P value®
model” model’ model’ LSM between 20-25 kPa plus PLT <150x10°/L, or
including including including LSM between 15-20 kPa plus PLT <110x109/L
LSM>=25kPa | EV Status | LSM <15 | changes
changes changes kPa plus
PLT
>150x10°/L
changes
Tyear [ 0.786 0.800 0.800 0.805 0.99 (099 |099 |09 0.9 0.9
3years | (844 0.868 0.839 0.840 041 094 [094 [027 027 0.94
Syears | (0,832 0.827 0.793 0.826 0.96 0.27 0.96 020 0.96 0.07
8years | (,841 0.839 0.770 0.822 0.92 0.01 0.67 0.008 0.78 0.01

!Comparison between changes in EV status and LSM>=25 kPa; 2Comparison between changes in LSM>=25 kPa and LSM <15 kPa plus PLT >150x109/L; ?
Comparison between changes in LSM>=25 kPa and LSM>25 kPa or LSM between 20-25 kPa plus PLT <150x10%L, or LSM between 15-20 kPa plus PLT <110x10%L;
4 Comparison between changes in EV status and LSM <15 kPa plus PLT >150x109/L; > Comparison between changes in EV status and LSM>25 kPa or LSM between
20-25 kPa plus PLT <150x10%L, or LSM between 15-20 kPa plus PLT <110x10°/L; *Comparison between changes in LSM <15 kPa plus PLT >150x109/L and LSM>25
kPa or LSM between 20-25 kPa plus PLT <150x10°/L, or LSM between 15-20 kPa plus PLT <110x10°/L.

*Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, changes in LSM>= 25'kPa, Albumin <3.6 g/dl, Platelet <150x10°L, statin treatment,
nonselective beta-blockers treatment.
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°Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, Albumin <3.6 g/dl, Platelet <150x10%L, changes in EV status, statin treatment,
nonselective beta-blockers treatment.

$Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, Albumin <3.6 g/dl, changes in LSM <15 kPa plus PLT >150x109/L, statin treatment,
nonselective beta-blockers treatment.

&Variables included in the model: Gender, Age >=65 years, BMI >= 30 Kg/m2, Albumin <3.6 g/dl, changes in LSM>25 kPa or LSM between 20-25 kPa plus PLT
<150x10%/L, or LSM between 15-20 kPa plus PLT <110x109/L, statin treatment, nonselective beta-blockers treatment.

Comparison among AUROCs was done by using DeLong test.
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