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Metabolic dysfunction-associated steatotic liver disease: non-invasive assessment of disease progression

INTRODUCTION

This doctoral thesis is the result of a joint PhD program between the University of
Medicine and Pharmacy "Iuliu Hatieganu", Cluj-Napoca, Romania, under the supervision
of Prof. Dr. Lucia Maria Procopciuc, and Alma Mater Studiorum University of Bologna,
Bologna, Italy, under the guidance of Prof. Fabio Piscaglia. The central focus of this thesis
was the metabolic dysfunction-associated steatotic liver disease (MASLD), a liver
condition that has seen rising prevalence and incidence in recent years, making it the
most common type of liver disease today.

The progression of MASLD to more advanced stages, such as advanced fibrosis and
cirrhosis, significantly increases the risk of developing important events in the course of
the disease. Predicting disease progression through non-invasive methods represents a
dynamic and highly relevant field of research with significant implications for patient
care.

Therefore, a part of my clinical research focused on deepening our understanding of
the progression of MASLD to the more advanced stages by using non-invasive ultrasound-
based elastography techniques, including vibration-controlled transient elastography
(VCTE), VCTE-based scores, and two-dimensional shear wave elastography (2D-SWE).

[ validated the VCTE-based scores—Agile 3+, Agile 4, and FAST scores—within a

cohort of individuals of Caucasian descent for the very first time. Utilizing a multi-level
random effects model meta-analysis, I established standardized cut-off values for 2D-
SWE that distinguish between different stages of liver fibrosis in patients with biopsy-
proven MASLD, applicable at varying pre-test probabilities. These cut-off values are
designed for use in both primary care and specialized healthcare settings.
Additionally, I investigated the benefits of the treatment with non-selective beta-blockers
(NSBB) in patients with compensated cirrhosis, emphasizing its role in preventing the
first decompensation event. Notably, I demonstrated that patients with small
gastroesophageal varices and porto-systemic shunts can also derive significant benefits
from this treatment. My research demonstrated that the presence of type 2 diabetes
mellitus (T2DM) acts as an independent risk factor for the onset of the first
decompensation event, regardless of etiology.

THE CURRENT STATE OF KNOWLEDGE

Metabolic dysfunction-associated steatotic liver disease (MASLD), previously known
as non-alcoholic fatty liver disease (NAFLD), poses a growing challenge for healthcare
systems due to its increasing prevalence. Recent data shows a rise from 25.5% in 2005 to
37.8% in 2016, with 25% of cases progressing to metabolic dysfunction-associated
steatohepatitis (MASH) within three years. MASH accounts for 12% of liver transplants
in Europe and can lead to severe liver complications, including cirrhosis and
hepatocellular carcinoma. Historically diagnosed through liver biopsy, MASLD's
multifactorial nature and biopsy limitations have spurred the need for non-invasive
diagnostic methods. Fibrosis stage remains a critical predictor of mortality, highlighting
the importance of early detection and monitoring. Advances in non-invasive tests,
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particularly ultrasound elastography, are revolutionizing diagnostics by reducing biopsy
reliance and enhancing surveillance strategies.
All liver diseases cause structural changes that affect biomechanical properties,
measurable through elastography. This can be done using ultrasound-based techniques
such as vibration-controlled transient elastography (VCTE) and two-dimensional shear
wave elastography (2D-SWE).
Recently developed and validated VCTE-based scores, Agile 4 and Agile 3+, are designed
to identify cirrhosis (F4) and advanced fibrosis (=F3), respectively, in patients with
MASLD, particularly within specialized liver clinics; yet they were not validated yet in
specific populations, such as those of Caucasian descent. The FibroScan-AST (FAST) score
was developed and validated in 2020 for the non-invasive identification of patients with
MASH who have significant activity and fibrosis.

Even though the use of 2D-SWE for ton-invasive liver fibrosis assessment has rapidly
increased, it still lacks cut-off standardization and robust validation.
Clinically significant portal hypertension (CSPH), a primary factor in cirrhosis
decompensation, is characterized by a hepatic venous pressure gradient (HVPG) of 10
mmHg or higher. An HVPG value 210 mmHg identifies patients with compensated
advanced chronic liver disease (cACLD) at elevated risk of decompensation, this being of
outmost importance for disease management and prognosis. Recent observations
suggest that patients with advanced MASLD may face a higher prevalence of portal
hypertension-related decompensation events at any given hepatic venous pressure
gradient (HVPG) compared to patients with other etiologies. Moreover, decompensation
in advanced MASLD may occur at lower HVPG levels compared to patients with other
liver disease etiologies.

The adaptation of this knowledge for advanced MASLD and MASH is currently an
active area of research.

PERSONAL CONTRIBUTIONS

Study 1: FAST and Agile-the MASLD drift: Validation of Agile 3+, Agile 4 and FAST
scores in 246 biopsy-proven NAFLD patients meeting MASLD criteria of prevalent
Caucasian origin

Work hypothesis/ objectives: The study aimed to evaluate the effectiveness of Agile 3+,
Agile 4, and FAST scores in distinguishing advanced fibrosis (=F3), cirrhosis (F4), and
fibrotic MASH (MASH + NAS 24 + F 22) within a cohort of biopsy-proven MASLD patients
from a tertiary medical center in Cluj-Napoca, Romania. Our specific objectives were to
assess the performance of Agile 3+ in predicting advanced fibrosis (2F3), Agile 4 in
predicting cirrhosis (F4), and the FAST score in identifying fibrotic MASH, and to
determine whether these scores provide better diagnostic accuracy than the existing
NITs in these scenarios.

Material and methods: A cohort of 246 patients with MASLD from the Medical 3 Clinic
in Cluj-Napoca, Romania, was retrospectively followed during the period from January
2007 to July 2023. The diagnostic performance of Agile 3+, Agile 4, and FAST scores was
assessed through AUROC curves, and the DeLong test was employed to compare the
diagnostic performance of these indices. Concordance between "grey zones" was
examined using McNemar's test, with statistical significance set at p < 0.05.
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Results: Among 246 patients, 113 (45.9%) were women, and 75 (30.5%) presented
diabetes. Agile 3+ and Agile 4 demonstrated excellent performance in identifying =F3 and
F4, achieving AUROCs of 0.909 and 0.968, while the FAST score yielded acceptable results
in distinguishing fibrotic NASH. When compared to FIB-4 and LSM-VCTE, both Agile 3+
and Agile 4 performed better than FIB-4 and had a similar performance to LSM-VCTE, but
with higher diagnostic accuracy, hence reducing the grey zone.

Conclusions: Agile 3+ and Agile 4 are reliable, non-invasive tests for identifying advanced
fibrosis or cirrhosis in MASLD patients, while FAST score demonstrated moderate
performance in identifying fibrotic NASH.

Study 2: Diagnostic accuracy of two-dimensional shear wave elastography (2D-
SWE) ultrasound for liver fibrosis assessment in metabolic dysfunction-associated
steatotic liver disease (MASLD): A multi-level random effects model meta-analysis

Work hypothesis/ objectives: The aim of this study was to conduct a systematic review
and meta-analysis using a multi-level random effects model to assess the diagnostic
accuracy of 2D-SWE in patients with biopsy-proven MASLD. We aimed to establish
reliable cut-off values for different stages of liver fibrosis that could be effectively applied
in clinical practice.

Material and methods: The primary outcome was the diagnostic accuracy of 2D-SWE for
different stages of liver fibrosis in MASLD patients. Subgroup analyses considered
ultrasound manufacturer, patient demographics, and comorbidities. A bivariate logit-
normal random effects model was used to estimate pooled sensitivity, specificity, and
AUROC. A multiple threshold model facilitated the analysis of studies reporting more than
one cut-off, while enabling the calculation of positive and negative predictive values for
different pre-test probabilities.

Results: 20 observational studies (SuperSonic Imagine, General Electric Healthcare,
Canon Medical Systems) fulfilled the inclusion criteria, comprising 2223 participants with
biopsy-proven MASLD. The prevalence of mild fibrosis (F1), significant fibrosis (F2),
advanced fibrosis (F3), and cirrhosis (F4) were 30.0%, 18,5%, 17.9%, and 10.9% ,
respectively. The sAUCs [95% CI] in detecting =F1, 2F2, 2F3, and F4 were 0.82 [0.16-
0.98], 0.82[0.76-0.88], 0.86 [0.77-0.93], and 0.89 [0.80-0.95], respectively.

The optimal cut-off values were 6.432 kPa for =F1, 8.174 kPa for 2F2, 9.418 kPa for =F3,
and 11.548 kPa for F4, respectively.

Conclusions: Our meta-analysis identified optimized cut-offs for fibrosis staging by 2D-
SWE in etiology-specific chronic liver diseases (MASLD), with excellent diagnostic
performance, underscoring the potential for standardizing cut-off values.
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Study 3. The effectiveness of non-selective f3-blockers in preventing the first
decompensation event in patients with compensated cirrhosis enduring clinically
significant portal-hypertension (CSPH) after etiological treatment. Diabetes mellitus
as independent risk factor for first decompensation event

Work hypothesis/ objectives: The study aimed to evaluate the impact of non-selective
beta-blockers (NSBB) on the first occurrence of decompensation in patients with
cirrhosis and clinical evidence of persistent clinically significant portal hypertension
(CSPH) two years post-etiological treatment. We sought to identify independent risk
factors contributing to the initial decompensation event in different etiologies, including
MASLD, thus providing a clearer understanding of disease progression and potential
intervention points.

Material and methods: A cohort of 406 patients with compensated liver cirrhosis from
the Sant’Orsola Polyclinic in Bologna, Italy, was retrospectively followed during the
period from 2017 to 2020. Multivariable Cox regression analyses were conducted to
identify predictors of decompensation and bacterial infections, with hazard ratios and
95% confidence intervals reported. ROC curve analysis was used to evaluate the
performance of continuous parameters, with statistical significance set at p < 0.05.
Statistical analysis was conducted using IBM SPSS (version 29), and R software.

Results: During a mean follow-up of 32 months, 127 (31%) patients decompensated,
with ascites being the most common (77%) decompensating event. Decompensation
rates were lower in patients on NSBBs (16% vs 44%; P < .0001). At Cox regression
analysis, hemoglobin, Child-Pugh, Model for End-Stage Liver Disease-Sodium, diabetes at
baseline, and previous bacterial infections were independent predictors of
decompensation, while NSBBs use had a protective effect (hazard ratio, 0.32; 95%
confidence interval, 0.20-0.49; P <.0001).

Conclusions: NSBBs decrease the risk of first decompensation in patients with cirrhosis
and enduring CSPH after etiological treatment.

GENERAL CONCLUSIONS

In conclusion, Study 1 provides a comprehensive evaluation of several non-invasive
diagnostic tests (NITs) in the context of metabolic dysfunction-associated fatty liver
disease (MASLD). The validation of Agile 3+, Agile 4, and FAST scores in distinguishing
various stages of liver fibrosis in Caucasian patients with biopsy-confirmed MASLD
highlights their potential utility in clinical practice, particularly in enhancing diagnostic
accuracy and reducing indeterminate results. Additionally, Study 2 supports the broad
applicability of two-dimensional shear wave elastography (2D-SWE) for assessing
different stages of liver fibrosis in biopsy-proven MASLD, emphasizing the need for
careful consideration of individual patient factors and machine performance variations
to ensure accurate evaluations. The findings presented in Study 3 underscore the clinical
significance of non-selective beta-blockers (NSBB) in preventing decompensating events
in patients with compensated cirrhosis, including those with MASLD-related cirrhosis
and persistent clinically significant portal hypertension (CSPH). Study 3 also underscores
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the significance of factors included in the new definition of MASLD, such as type 2
diabetes mellitus, and their impact on disease progression and the risk of
decompensation, regardless etiology. The interaction between NSBB and
decompensation triggers, such as the presence of T2DM, or bacterial infections, suggest
potential benefits that extend beyond their primary hemodynamic effects.

These conclusions collectively enhance our understanding of MASLD and its
management, paving the way for improved patient outcomes through more informed
clinical decision-making.

THE ORIGINALITY AND INNOVATIVE CONTRIBUTION
OF THE THESIS

Validation of Diagnostic Scores: This research was the first to validate Agile 3+, Agile 4,
and FAST scores for identifying liver fibrosis stages in biopsy-proven MASLD patients of
Caucasian origin. The study confirmed and established new cut-off values, significantly
reducing the “grey zone” compared to standard LSM-VCTE cut-offs.

Meta-Analysis of 2D-SWE: A multi-level random effects model meta-analysis of 2D-SWE
in biopsy-proven MASLD (2,223 subjects) demonstrated excellent diagnostic accuracy
and established standardized cut-off values.

Impact of Non-Selective Beta-Blockers (NSBB): NSBB significantly reduced the risk of
first decompensation in compensated cirrhosis with CSPH, even after etiological
treatment, including MASLD cases. Patients on NSBB had a lower decompensation rate
(16%) compared to those off NSBB (44%). Type 2 diabetes mellitus was identified as an
independent predictor of liver disease progression and decompensation, alongside
bacterial infections.
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INTRODUCTION

This doctoral thesis is the result of a joint PhD program between the University
of Medicine and Pharmacy "luliu Hatieganu"”, Cluj-Napoca, Romania, under the
supervision of Prof. Dr. Lucia Maria Procopciuc, and Alma Mater Studiorum University
of Bologna, Bologna, Italy, under the guidance of Prof. Fabio Piscaglia. The successful
completion of this work was made possible through the invaluable support and
mentorship of numerous persons.

I am deeply grateful for the financial support provided by various research
grants, under the guidance of outstanding mentors, including Prof. Dr. Monica Lupsor-
Platon, Dr. Horia Stefanescu, Prof. Olga Hilda Orasan, and Prof. Bogdan Procopet.
Additionally, I was fortunate to receive funding from the Study Loans and Scholarships
Agency, The Ministry of Education, Romania, through the H.G. no. 118/2023
scholarship, supervised by Prof. Fabio Piscaglia. This support allowed me to pursue a
fellowship at Alma Mater Studiorum University of Bologna, where I conducted high-
quality research alongside prestigious research groups and collaborated with brilliant
clinicians and researchers, such as Dr. Maria Cristina Morelli, Dr. Laura Turco, Dr. Silvia
Ferri, Dr. Federica Mirici Cappa, Dr. Sonia Berardi, and Dr. Federico Ravaioli.

The central focus of this thesis was the metabolic dysfunction-associated
steatotic liver disease (MASLD), a liver condition that has seen rising prevalence and
incidence in recent years, making it the most common type of liver disease today.

The progression of MASLD to more advanced stages, such as advanced fibrosis
and cirrhosis, significantly increases the risk of developing important events in the
course of the disease, such as clinically significant portal hypertension, the first
decompensation event, the onset of hepatocellular carcinoma, a higher liver-related
mortality, and a greater incidence of major cardiovascular events. While liver biopsy is
considered the gold standard for diagnosing the stage of fibrosis, it is often impractical
or impossible to perform on most MASLD patients. Therefore, predicting disease
progression through non-invasive methods represents a dynamic and highly relevant
field of research with significant implications for patient care.

Therefore, a part of my clinical research focused on deepening our
understanding of the progression of MASLD to the more advanced stages by using non-
invasive ultrasound-based elastography techniques, including vibration-controlled
transient elastography (VCTE), VCTE-based scores, and two-dimensional shear wave
elastography (2D-SWE).

In the course of a chronic liver disease in general, and of MASLD in particular,
the occurrence of the first decompensation event is a critical milestone, as the disease
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trajectory tends to deteriorate significantly following this event. In thes respect,
another key aspect was to explore how critical events, such as the first
decompensation event, can be predicted and potentially prevented through the use of
currently available treatments, such as non-selective beta-blockers (NSBB).
Additionally, I explored whether the indications for NSBB treatment can be expanded
beyond the currently recognized guidelines. Furthermore, I aimed to investigate how
various factors related to MASLD, such as the presence of type 2 diabetes mellitus
(T2DM), impact the onset of the first decompensation event.

Building on the existing background and current understanding of MASLD, this
research presents results that are notable for their novelty on an international scale.

[ validated the VCTE-based scores—Agile 3+, Agile 4, and FAST scores—within a
cohort of individuals of Caucasian descent for the very first time. Utilizing a multi-level
random effects model meta-analysis, I established standardized cut-off values for 2D-
SWE that distinguish between different stages of liver fibrosis in patients with biopsy-
proven MASLD, applicable at varying pre-test probabilities. These cut-off values are
designed for use in both primary care and specialized healthcare settings.

Additionally, I investigated the benefits of NSBB treatment in patients with
compensated cirrhosis, emphasizing its role in preventing the first decompensation
event. Notably, I demonstrated that patients with small gastroesophageal varices and
porto-systemic shunts can also derive significant benefits from this treatment. My
research demonstrated that the presence of type 2 diabetes mellitus (T2DM) acts as an
independent risk factor for the onset of the first decompensation event, regardless of
etiology. Furthermore, I identified key triggers for first decompensation, including
bacterial infections and low hemoglobin levels.

Preliminary findings from this thesis were presented at esteem international
hepatology conferences, both as oral and poster presentations. The complete results
were published in reputable journals focused on hepatology.

These findings establish a solid foundation for future research, providing
valuable insights that can guide subsequent initiatives. Specifically, they contribute to
the standardization of ultrasound-based elastography, enhance our understanding of
expanding the use of non-selective beta-blocker (NSBB) treatment, and lay the
groundwork for investigations into the onset of hepatocellular carcinoma (HCC) in
non-cirrhotic patients with MASLD. Collectively, these advancements will deepen our
understanding of liver diseases and propel progress in the field of MASLD.

This doctoral thesis not only marks the achievement of my research efforts, but
also reflects the collaborative spirit that drives scientific discovery. I am deeply
grateful to my mentors, colleagues, and loved ones, whose support and encouragement
inspired me to persevere through challenges. This work stands as a testament to our
shared commitment to understanding and addressing MASLD, with the hope that our
findings will contribute to improved patient care and outcomes.
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1. Metabolic dysfunction-associated steatotic liver
disease (MASLD)

Metabolic dysfunction-associated steatotic liver disease (MASLD), previously
known as non-alcoholic fatty liver disease (NAFLD) (1), is currently a significant
challenge for the healthcare system. Its prevalence is rapidly increasing, leading to a
substantial global burden (2, 3).

A recent meta-analysis revealed that the prevalence of MASLD has risen
significantly over time, increasing from 25.5% in 2005 to an alarming 37.8% in 2016
and beyond (2). This follows a similar upward trend previously reported, with
prevalence rising from 20.1% to 26.8% between 2000 and 2015 (4).

Within three years, 25% of MASLD cases progress to metabolic dysfunction-
associated steatohepatitis (MASH). MASH is responsible for 12% of all liver transplants
in Europe (5). Unlike hepatitis C and other liver-specific conditions, which are typically
caused by a single etiological factor, MASLD is a multifactorial and complex metabolic
disorder that is part of a broader systemic disease. This complexity makes managing
and monitoring the disease more challenging (6). Throughout its history and
progression, MASLD is associated with liver injury, which can result in fibrosis
progression, clinically significant portal hypertension (CSPH), cirrhosis, hepatocellular
carcinoma, and both initial and further decompensation (7). Patients with
compensated MASLD-related cirrhosis remain in this state for an average of four years,
with a 10% annual risk of progressing to decompensation or death. Once they
experience their first decompensation event, their risk of further progression triples
(8).

Traditionally, the diagnosis of MASLD has relied on histopathological changes
in the liver, typically assessed through a liver biopsy (LB). The condition is formally
identified by the accumulation of triglycerides in more than 5% of hepatocytes (9). The
progressive form of MASLD, known as MASH, has traditionally required histological
assessment for a standard diagnosis, typically conducted when steatotic liver disease is
suspected. MASH is generally characterized by the presence of steatosis, lobular
inflammation, and ballooning, with or without fibrosis (10). However, LB is indicated
with caution, as it holds the potential for adverse effects, sampling errors, inter and
intra-observer variability (11). The procedure is prone to interpretation errors due to
the uneven distribution of liver fibrosis. When two samples are taken from the right
and left hepatic lobes of the same MASH patient, the fibrosis stage was consistent in
only 47% of patients. Discrepancies of at least one stage were found in 41% of cases,
while differences of two stages occurred in 12% of cases (12).
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As highlighted in most retrospective studies on MASLD, the risk of liver-
related events (LREs) significantly rises at fibrosis stage two (F2—significant fibrosis)
and increases exponentially as patients move into advanced fibrosis stages (F3—
advanced fibrosis; F4—cirrhosis) (13, 14). Higher mortality rates are registered for F4
(1.76 deaths per 100 person years), and among those at stage F3 (0.89 deaths per 100
person years) (15).

In summary, the risk of all-cause mortality and liver-related mortality
increases substantially with the fibrosis stage, as reported in a recently published
meta-analysis (16). Consequently, the fibrosis stage is a crucial predictor of long-term
liver-related outcomes and overall mortality in MASLD. Identifying advanced stages
(=F3, F4) in patients with MASLD and MASH is essential (17).

In this context, new insights from non-invasive tests (NIT) for assessing liver
fibrosis, such as ultrasound elastography, assist clinicians in making early and accurate
diagnoses and prognoses. These methods help minimize the need for liver biopsies and
support more cost-effective surveillance strategies.
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2. Liver ultrasound elastography

All liver diseases, whether focal or diffuse, lead to changes in tissue structure
that alter the liver's biomechanical properties. These changes can be measured and
quantified using tissue elastography

The elastography techniques can be divided into two main categories,
magnetic resonance imaging (MRI)-based elastography techniques and ultrasound
(US)-based elastography techniques.

The MRI-based elastography techniques proposed for staging liver fibrosis
include magnetic resonance elastography (MRE) and MRI index tests such as
LiverMultiScan™ (LMS), which measures iron-corrected T1 (cT1), diffusion-weighted
imaging (DWI), and specialized techniques for detecting metabolic and liver injury
(deMILI). MRE provides a quantitative three-dimensional elasticity map of the entire
liver, is less dependent on operator skill, and is not influenced by the presence of air or
bones. Although MRE demonstrates strong performance in detecting significant
fibrosis (=2F2) with an sAUC of 0.91 (95% CI 0.80-0.97), advanced fibrosis (2F3) with
an sAUC of 0.92 (95% CI 0.88-0.95), and cirrhosis (F4) with an sAUC of 0.90 (95% CI
0.81-0.95) in biopsy-proven MASLD, its utility is somewhat limited compared to
ultrasound-based elastography techniques due to higher costs and more restricted
availability (18).

The ultrasound elastography techniques can be divided into quantitative
(“shear wave elastography”, (SWE) and qualitative (“Strain Elastography”) (19).

Quantitative techniques such as vibration-controlled transient elastography
(VCTE), two-dimensional shear wave elastography (2D-SWE), and point shear wave
elastography (pSWE) are commonly used for assessing diffuse liver diseases. In
contrast, strain elastography techniques generally have lower applicability for this
purpose (20).

2. 1. Vibration-controlled transient elastography (VCTE)

In the 2000s, vibration-controlled transient elastography (VCTE) was the
pioneering method for measuring and studying liver stiffness (LS). It remains the only
quantitative elastography technique not incorporated into a standard ultrasound
system and is conducted using the FibroScan® device (Echosens, Paris, France (21), as
shown in Figure 1. VCTE is also the modality with the most extensive data for
assessing liver fibrosis in MASLD, as evidenced by its inclusion in 53 studies in a recent
meta-analysis (18).
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Figure 1. Vibration-controlled transient elastography (VCTE)
Image obtained from Medical Clinic 3, Cluj-Napoca, Romania

To conduct the examination, the patient is positioned supine with the right
arm fully abducted to optimize exposure of the right quadrant. The transducer is
placed perpendicular to the intercostal space in direct contact with the skin, at a site of
maximal hepatic dullness (at least 6 cm thick), and away from any large vascular
structures (22). There are two types of transducers that are mainly utilized in the adult
population, the M (3.5 MHz) and XL (2.5 MHz) probes. Regarding the XL probe, the
machine usually recommends its utilization (23, 24).

Pressing the transducer button generates a painless mechanical vibration that
creates a series of elastic waves (50 Hz). These waves travel through the skin and
subcutaneous tissue, reaching the liver parenchyma (25). The shear wave is monitored
through multiple acquisitions, requiring at least 10 valid measurements. The results
include a reported interquartile range (IQR) and an interquartile range/median ratio
(IQR/M) based on these 10 conclusive measurements (26). The time taken for the
waves to travel through the area of interest and the velocity of their propagation are
recorded. From these measurements, the Young's modulus (E) is calculated in
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kilopascals (kPa), which clinically corresponds to liver stiffness (LS), with values
ranging from 1.5 to 75 kPa (27). For an accurate liver stiffness measurement (LSM),
the interquartile range (IQR) should be less than 30% of the median, regardless of the
success rate (SR), provided that 10 valid measurements are obtained (19) (Figure 1).

The equipment measures liver stiffness (for assessing fibrosis) and the
controlled attenuation parameter (CAP) (for evaluating steatosis). Higher values of
liver stiffness (LS) indicate stiffer tissue, while lower values suggest a more elastic
liver. In a healthy population, LS values are typically reported to be around 4.5-5.5 kPa
(19). Using this technique, liver stiffness (LS) is measured in a cylindrical volume of
parenchyma with a 1 cm diameter and 4 cm height, which represents approximately
1/500 of the total liver volume (28). Measurements can be conducted by a technician
after undergoing a training period of approximately 100 cases. However, the clinical
interpretation of the results should always be carried out by an expert who takes into
account the patient's demographic data, disease etiology, and biochemical profile at
the time of the examination (29). For accurate assessment, the examination must be
conducted after an overnight fast or at least 3 hours of fasting following a meal. A
postprandial examination can lead to increased stiffness values due to heightened
hepatic blood flow (19).

When using the M probe to measure liver stiffness (LS), lower success rates
were observed in obese individuals (30). To address this limitation, the XL probe was
introduced. The primary constraints for using the XL probe include a skin-to-liver
capsule distance greater than 3.4 cm and extreme obesity (BMI > 40 kg/m?) (26, 31).
Values obtained with the XL probe are generally lower compared to those from the M
probe, but the current guidelines do not provide specific recommendations for cut-off
values using the XL probe (19).

Liver tissue abnormalities such as edema, inflammation (cytolysis),
cholestasis, congestion (heart failure), and infiltrative diseases may interfere with LSM
independently of fibrosis stage, so these factors should be considered when one is
interpreting the values of the hepatic rigidity (32-36). The influence of steatosis on LS
is still rather controversial; some studies indicate that steatosis may lead to higher LS
values (37-39), independently of the fibrosis stage, whereas others did not report the
same effect (40).

2.1.1. Performance of VCTE for liver fibrosis evaluation in MASLD
In a recent meta-analysis (18), assessing the diagnostic accuracy of five
elastography and imaging modalities for non-invasive fibrosis detection in patients
with biopsy-proven or suspected MASLD, the authors reported the following sAUC
values for VCTE: 0.82 (95% CI 0.78-0.85, sensitivity 78%, specificity 72%) for
detecting mild fibrosis (2F1), 0.83 (95% CI 0.80-0.87, sensitivity 80%, specificity 73%)
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for significant fibrosis (=F2), 0.85 (95% CI 0.83-0.87, sensitivity 80%, specificity 77%)
for advanced fibrosis (=F3), and 0.89 (95% CI 0.84-0.93, sensitivity 76%, specificity
88%) for cirrhosis. When performing a multiple-threshold meta-analysis that included
studies reporting more than two cut-off values for VCTE, the sAUC for diagnosing
advanced fibrosis (=F3) was 0.85 (sensitivity 80%, specificity 75%), with the Youden
index optimized at an 8.7 kPa cut-off. A cut-off of 8.9 kPa yielded 80% sensitivity and
77% specificity, while a 9.5 kPa cut-off resulted in 76% sensitivity and 80% specificity
for diagnosing 2F3. These findings should be interpreted with caution, as some studies
may not have used the XL probe or may not have followed the manufacturer’s
guidelines. Additionally, recent advancements in VCTE, such as the continuous CAP
algorithm and its application in patients with morbid obesity, were not included in this
analysis.

The recently published Baveno VII guidelines (41), which are also relevant for
MASLD and MASH, provide key recommendations for using LSM-VCTE. According to
these guidelines, liver stiffness (LS) values of less than 10 kPa, in the absence of other
clinical or imaging signs, rule out compensated advanced chronic liver disease
(cACLD). LS values between 10 and 15 kPa suggest cACLD, while values greater than
15 kPa are highly indicative of cACLD. However, patients with LS values between 7 and
10 kPa who have ongoing liver injury should be monitored individually for signs of
progression to cACLD(41). The guidelines also introduce "the rule of five" (10-15-20-
25 kPa) to represent progressively higher relative risks of decompensation and liver-
related mortality, regardless of the chronic liver disease etiology.

Currently, there is considerable variability in the cut-off values used in clinical
practice for non-invasive tests (NIT) for MASLD risk stratification. A recent report
highlighted this inconsistency, particularly with VCTE. Among 28 respondents using
FibroScan®, 6 (21%) employed a single cut-off value, with only 3 (50%) specifying 8
kPa. The remaining values used were 7.2 kPa, 7.8 kPa, and 8.7 kPa. For those 63% of
respondents who utilized both lower and upper LS cut-offs, the most frequently
reported lower cut-off was <8.0 kPa, noted by 7 respondents (32%), while the most
common higher cut-off was >15 kPa, reported by 5 respondents (23%) (42).

2.1.2. Assessing liver steatosis through the controlled attenuation
parameter (CAP)

In summary, the controlled attenuation parameter (CAP) measures total
ultrasonic attenuation and is a feature of the FibroScan® device used to assess liver
steatosis. CAP values are expressed in decibels per meter (dB/m), ranging from 100 to
400 dB/m, with normal values being below 247 dB/m (43). Optimal cut-off values
were established in a meta-analysis that included 2735 patients (of which 20% were
diagnosed with MASLD/MASH) for the prediction of mild (S1), moderate (S2), and
severe steatosis (S3). The cut-off values were established at 248 dB/m, (AUC 0.823, Se
68.8%, Sp 82.2%), 268 dB/m, (AUC 0.865, Se 77.3%, Sp 81.2%), and 280 dB/m (AUC
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0.882, Se 88.2%, Sp 77.6%) for detecting mild steatosis (=S1), moderate steatosis
(2S2), and severe steatosis (S3), respectively. Steatosis was graded on histology
according to the number of affected hepatocytes as: absence of steatosis (S0) (<5 or
<10% depending on the trial), S1 (between 5 and 10-33%), S2 (34-66%), and S3
(>66%) (44). The authors recommended adjusting the CAP cut-offs based on specific
factors, as they are influenced by various covariates. For patients with MAFLD/MASH,
a deduction of 10 dB/m from the CAP value is suggested. Similarly, a 10 dB/m
deduction is recommended for diabetes patients. Additionally, for each unit of BMI
above or below 25 kg/m? within the 20-30 kg/m? range, an adjustment of +4.4 dB/m
should be applied.

2. 2. Two-dimensional shear wave elastography (2D-SWE)

The use of two-dimensional shear wave elastography (2D-SWE) for non-
invasive liver fibrosis assessment has rapidly increased. In liver stiffness measurement
(LSM), 2D-SWE applies dynamic stress across multiple focal zones using the acoustic
radiation force impulse (ARFI) technique, producing a quantitative elastographic
measurement expressed in kilopascals (kPa) or meters per second (m/s) (19).

Briefly, radiation force is applied to tissues using focused ultrasonic beams at a
high frame rate, allowing real-time capture of the transient propagation of the
resulting shear waves (45) (Figure 2). This imaging modality is conducted with a
conventional ultrasound probe during a standard intercostal ultrasonographic
examination. The Doppler-like acquisition estimates shear wave speed within a region
of interest (ROI). A color-coded ROI map is generated and overlaid on the B-mode
image, offering information on tissue stiffness (46). The Young’'s modulus (E) is
determined by the equation E = 3pc2, where p is the tissue density (constant), and c is
the shear wave speed. Values between 4.5 - 5.5 kPa using the SuperSonic Imagine (SSI)
equipment were reported in the healthy population. At present, SSI is the most
validated 2D-SWE technique (19).
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Figure 2. Two-dimensional shear wave elastography (2D-SWE) using SuperSonic Imagine equipment
Image obtained from Medical Clinic 3, Cluj-Napoca, Romania

Liver stiffness of less than or equal to 5 kPa (1.3 m/sec) has a high probability
of being normal (47). For 2D-SWE, current guidelines recommend performing a
minimum of three measurements. The results should be reported as the median along
with the interquartile range (IQR) (19, 48). The variability between consecutive liver
stiffness measurements, evaluated using the interquartile range-to-median ratio, is a
crucial quality criterion. If this ratio exceeds 30% for measurements in kilopascals or
15% for measurements in meters per second, the accuracy of the technique is
considered to be reduced (19, 47, 48).

Narrow intercostal spaces, a high body mass index (BMI), and a thoracic wall
thickness greater than 25 mm are associated with a higher rate of invalid
measurements (49). The main factors that can confound elevated liver stiffness
measurements are similar across various elastographic ultrasound techniques. These
include necroinflammation, congestion, mechanical cholestasis, food intake, and
alcohol consumption. Additionally, conditions such as amyloidosis, lymphomas, and
extramedullary hematopoiesis can independently increase liver stiffness (50).

2.2.1. Effectiveness of 2D-SWE in Predicting Liver Stiffness in
MASLD
Today, nearly all ultrasound manufacturers have integrated liver stiffness (LS)
modules into their latest ultrasound scanners. However, it's important to note that
elastography techniques from different manufacturers do not have standardized cut-
off values, which presents a significant challenge in clinical practice. Ideally, consistent
criteria should apply across all ultrasound devices equipped with 2D-SWE. Despite
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this, variability in liver stiffness measurements among different systems has been
reduced thanks to ongoing efforts by the Quantitative Imaging Biomarkers Alliance
(QIBA) (50).

A recent study compared the performance of 2D-SWE liver stiffness
measurement (LSM) across different ultrasound machines, including General Electric
Healthcare (2D-SWE-GE—Logiq E10), Canon Medical Systems (2D-SWE-Canon—Aplio
i800), and SuperSonic Imagine (2D-SWE-SSI—Mach30 Aixplorer), with vibration-
controlled transient elastography (VCTE) using FibroScan with M and XL probes for
patients with a BMI > 30 kg/m? (51). In the study, 1,437 patients with alcohol-related
or MASLD as the primary etiology were included. A single operator measured liver
stiffness using 2D-SWE-SSI (SuperSonic Imagine) along with one of the following
devices: 2D-SWE-GE (n = 314), 2D-SWE-Canon (n = 311), and VCTE-M probe (n = 812).
The authors found that VCTE-M and 2D-SWE-SSI (Mach30 Aixplorer) exhibited the
highest correlation and concordance coefficients (0.933 and 0.920, respectively). While
all four devices performed similarly in excluding advanced chronic liver diseases
(ACLD) in a general population-based scenario, discrepancies were noted in the higher
percentile values.

In 2020, a study evaluated the performance of 2D-SWE in identifying
compensated advanced chronic liver disease (cACLD) based on Baveno VI criteria
using VCTE cut-off values. This assessment was conducted on a cohort of 1,219
consecutive patients, including 345 with MASLD, who underwent both VCTE and 2D-
SWE examinations on the same day (52). According to the authors, 2D-SWE
(performed  using  Aixplorer™  ultrasound device—SuperSonic  Imagine,
Aix-en-Provence, France) accurately identified cACLD (Pearson’s correlation
coefficient, 0.882; p < 0.0001; Lin concordance coefficient, 0.846; p < 0.0001). A 10 kPa
(Se 92%, Sp 87%) 2D-SWE cut-off value was used to rule out cACLD.

2.2.2. Evaluation of hepatic steatosis in MASLD using 2D-SWE

techniques

Attenuation Imaging (ATI), a recent advancement by Canon Medical Systems,
quantifies ultrasound attenuation in tissue using a large sample measurement and
real-time color mapping. This technique aims to evaluate hepatic steatosis in a
quantitative and non-invasive manner (53, 54). With this technique, the attenuation
coefficient can be calculated in decibels per centimeter per megahertz (dB/cm/MHz).

To ensure accurate examination, the patient should fast for at least 6 hours.
Measurements should be taken from the right lobe of the liver through the intercostal
spaces, with the patient in a supine position, similar to the procedure for liver fibrosis
assessment using 2D-SWE. Reliable measurements are typically defined as the median
value of five measurements conducted in a homogeneous area of liver parenchyma,
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with an interquartile range-to-median ratio (IQR/M) of less than 30% and an R? value
greater than 0.90 (R? is a quality parameter recommended by the manufacturer) (55).

In a recently published study involving 132 patients with biopsy-proven
MASLD who underwent ATI evaluation, the AUROCs for diagnosing various grades of
steatosis were as follows: 0.94 (sensitivity 85%, specificity 97%) for =S1 (5%
steatosis), 0.94 (sensitivity 95%, specificity 80%) for =S2 (234% steatosis), and 0.94
(sensitivity 100%, specificity 83%) for =S3 (267% steatosis) (56). For patients with
ascites, shear waves can be effectively generated using focused ultrasound through the
fluid, unlike the mechanical vibration used in CAP. The authors concluded that ATI is a
highly feasible method for quantifying liver steatosis (56).

The Ultrasound-Guided Attenuation Parameter (UGAP), developed by General
Electric Healthcare, is also employed for assessing hepatic steatosis. UGAP measures
the attenuation coefficient (AC) in decibels per centimeter per megahertz
(dB/cm/MHz) of the B-mode ultrasonic signal (57). Measurements should be taken
from the right liver lobe using an intercostal approach during brief breath holds. The
patient should be fasting for at least 4 hours and positioned supine (58). In a recent
published study, 84 patients with biopsy-proven MASLD underwent UGAP evaluations
(59). UGAP presented a good diagnostic performance of AC values for =S1, 2S2, and S3,
with AUROCs of 0.94, 0.95, and 0.88, respectively. The authors concluded that AC
values obtained using UGAP could be a useful new method for quantifying steatosis in
MASLD.

2.2.3. Evaluation of hepatic inflammation in MASLD using 2D-SWE
techniques
Shear Wave Dispersion Imaging (Dispersion Slope, DS) is a newly developed
ultrasound technology that analyzes the frequency dispersion properties of tissue. It
offers new insights into tissue viscosity and has recently been applied to the
assessment of diffuse liver diseases (60). Preliminary data are now available regarding
the clinical use of Shear Wave Dispersion Imaging for characterizing chronic liver
diseases and detecting allograft damage following liver transplantation (61, 62). In a
recently published study evaluating the lobular inflammatory activity in 132
participants with biopsy-proven MASLD, the AUROCs for detecting mild inflammation
(2I11), moderate inflammation (212), and severe inflammation (13) were 0.86 (Se=82%,
Sp=82%), 0.86 (Se=90%, Sp=77%), and 0.79 (Se=100%, Sp=61%), respectively (56).
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3. Ultrasound elastography-based scores with
applicability in MASLD

3.1. Agile 3+ and Agile 4 Scores for the identification of
advanced fibrosis and cirrhosis in suspected MASLD

Recently developed and validated FibroScan-based scores, Agile 4 and Agile
3+, are designed to identify cirrhosis (F4) and advanced fibrosis (=F3), respectively, in
patients with MASLD, particularly within specialized liver clinics (63). Each score
integrates liver stiffness measurement (LSM-VCTE) with clinical and laboratory
parameters: the Agile 3+ score includes the AST/ALT ratio, platelets, gender, diabetes
status, and age, while the Agile 4 score focuses on cirrhosis detection.

For Agile 4, two cut-off values were established: 0.251 for ruling out and 0.565
for ruling in cirrhosis (F4). The rule-out cut-off achieved a sensitivity of 285%, while
the rule-in cut-off reached a specificity of 295% for diagnosing cirrhosis. For Agile 3+,
cut-off values of 0.451 and 0.679 were set to rule out and rule in advanced fibrosis
(=F3), respectively. The rule-out cut-off had a sensitivity of 285%, and the rule-in cut-
off had a specificity of 290% for detecting advanced fibrosis.

The authors concluded that combining these simple clinical parameters with
routine laboratory biomarkers and LSM-VCTE can reduce the number of indeterminate
results compared to using VCTE alone. These scores, designed for secondary and
tertiary care settings, have the potential to aid in predicting clinical outcomes and
monitoring disease progression (63, 64).

3. 2. The Fibroscan-AST (FAST) Score for the identification of
at-risk MASH

The FibroScan-AST (FAST) score, which combines CAP, LS, and AST, was
developed and validated in 2020 for the non-invasive identification of patients with
MASH who have significant activity and fibrosis (65). The FAST score was designed to
non-invasively identify "at-risk MASH" patients, characterized by MASH with a MAFLD
activity score (NAS) of 24 and significant fibrosis (F = 2). Two cut-off values were
proposed: <0.35 to rule out and 20.67 to rule in at-risk MASH. The score demonstrated
an AUC of 0.95 for ruling out (sensitivity 90%, specificity 53%) and an AUC of 0.95 for
ruling in (sensitivity 48%, specificity 90%) at-risk MASH. This score aims to provide a
non-invasive method for identifying patients with MASH who might be suitable for
clinical trials or treatment interventions (65). When applied to the general population,
a score that stratifies patients into low-risk and high-risk MASH categories could help
reduce the number of specialist referrals and minimize unnecessary biopsies in
individuals with a low likelihood of significant fibrosis (66).
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4. Disease progression to MASLD-related
hepatocellular carcinoma (HCC). Possibilities for
optimizing screening strategies using ultrasound
elastography

The presence of liver cirrhosis increases the risk of HCC in patients with
MASLD, as it does in other types of liver disease (67). However, patients with MASLD
who do not have cirrhosis, but are at risk of developing hepatocellular carcinoma
(HCC) often exhibit distinct characteristics, including diabetes or insulin resistance,
obesity, or advanced age (68-71).

A notable and critical clinical feature of MASLD and MASH-related
hepatocellular carcinoma (HCC) is the tendency for tumors to develop even before
cirrhosis is established (72-74). Recent findings have highlighted that the incidence of
hepatocellular carcinoma (HCC) increases with the progression of MAFLD. Specifically,
the rate of HCC incidence is 0.8 per 1,000 person-years in cases of simple steatosis, 2.3
per 1,000 person-years in non-cirrhotic fibrosis, and 6.2 per 1,000 person-years in
MAFLD-related cirrhosis (75).

On the other hand, MAFLD presents an incidence that is increasing in parallel
to the rise of obesity, diabetes, and metabolic syndrome (2, 76). The presence of these
comorbid conditions contributes to an altered lipid metabolism and chronic
inflammation, favoring a pro-carcinogenic environment and setting the ground for
liver cancer development (77, 78). In this context, MAFLD has emerged as the primary
cause of HCC in individuals without cirrhosis. About 30% of HCC cases associated with
MAFLD occur in livers without cirrhosis, whereas only about 10% of HCC cases in
other liver conditions occur in non-cirrhotic livers (72, 73, 79).

The MAFLD-related HCC trends are definitely concerning: MAFLD-related HCC
has increased in both incidence and mortality (80); MASH is the fastest growing cause
of HCC in liver transplant (LT) candidates (81); despite the older age of patients with
MAFLD-HCC and the presence of comorbidities, HCC has become more common in
patients transplanted for MAFLD compared with other etiologies (82). There is
growing apprehension that these trends may lead to a significantly increased incidence
of MAFLD-related HCC in the future.

In recent years, liver fibrosis has consistently been identified as the most
critical histological marker for predicting clinical outcomes in the context of MAFLD
and MASH (15). Even though the build-up of hepatic fibrosis takes at least 20 years, or
even longer in the setting of MAFLD (83), as the prevalence of overweight and obesity
are increasing in younger age groups (84, 85), and considering the fact that modern
treatments for cardiovascular diseases have improved life expectancy (86), there is
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also more time for the MAFLD population to develop MASH, advanced fibrosis (=F3),
cirrhosis (F4), and cirrhosis related complications, including HCC.

Since a substantial portion of HCC arises in non-cirrhotic MAFLD patients, new
clinical challenges emerge because these individuals are often excluded from HCC
surveillance programs (87). Identifying the most effective screening methods to guide
risk assessment and monitoring frequency for MAFLD-related HCC is a key area of
interest within the scientific community (88, 89). Enhancing the detection of HCC
associated with non-cirrhotic MAFLD could be achieved by assessing specific risk
factors and gaining a more thorough understanding of the underlying liver disease
through noninvasive techniques.

The degree of liver fibrosis is the main factor influencing the risk of HCC
development in patients with non-cirrhotic MAFLD (75, 90). Risk stratification in HCC
is significantly influenced by hepatic fibrosis (91), as cirrhosis is present in over 80%
of patients with HCC (92). In a recently published study, the likelihood of developing
HCC surpassed the accepted thresholds for HCC surveillance (0.02/1000 person-years;
hazard ratio 7.62; 95% confidence interval, 5.76-10.09) (93). In a comparable manner,
HCC incidence increased along with the progression of MAFLD, from simple steatosis
(0.8 per 1000 person-years) to non-cirrhotic fibrosis (2.3 per 1000 person-years) and
MAFLD-related cirrhosis (6.2 per 1000 person-years), respectively (75).

Patients with cirrhosis and likely advanced fibrosis (=2F3) remain at a
persistent risk for HCC. As discussed earlier, liver fibrosis can be evaluated through
histology or non-invasive methods, such as liver stiffness measurement (LSM)(94).

A recent study that tracked individuals with T2DM and MAFLD, who
underwent VCTE-LSM at baseline and were followed for an average of 50 months,
found notable results regarding baseline liver stiffness (LS) and liver-related events
(LREs). Among 35 patients with baseline LS greater than 13 kPa, 6 (17.1%)
experienced decompensation or primary liver cancer, with an annual HCC
development rate of 2.1% in this group. After adjusting for age and pre-existing
cirrhosis, those with LS greater than 13 kPa had a 27.4-fold increased risk of
experiencing an LRE compared to patients with LS less than 13 kPa (95% CI: 7.86-
95.50; p < 0.001)(95).

A recent study found that the change in liver stiffness measurement (LSM) by
VCTE—specifically, the difference between follow-up and baseline LSM (D-LSM)—was
independently linked to several outcomes: hepatic decompensation (hazard ratio 1.56;
95% confidence interval, 1.05-2.51; p = 0.04), HCC development (hazard ratio 1.72;
95% confidence interval, 1.01-3.02; p = 0.04), overall mortality (hazard ratio 1.73;
95% confidence interval, 1.11-2.69; p = 0.01), and liver-related mortality (hazard ratio
1.96; 95% confidence interval, 1.10-3.38; p = 0.02). The authors concluded that a D-
LSM greater than 20% could be a useful predictor for elevated risks of HCC, liver
decompensation, liver-related mortality, and overall mortality in patients with
compensated advanced chronic liver disease (cACLD) (96).



Metabolic dysfunction-associated steatotic liver disease: non-invasive assessment of disease progression 33

In a study of 1,057 patients with MAFLD, both FIB-4 and VCTE demonstrated
strong accuracy in predicting liver-related events (LREs), including HCC, with Harrell’s
C-indexes exceeding 0.80 (0.817 [0.768-0.866] for FIB-4 and 0.878 [0.835-0.921] for
VCTE, p = 0.059). Although VCTE showed a higher Harrell’s C-index compared to FIB-4,
the difference was not statistically significant (0.878 [0.835-0.921] vs. 0.817 [0.768-
0.866], p = 0.059). Furthermore, a FIB-4 cut-off value greater than 3.25 was linked to a
30-fold increased risk of LREs (adjusted hazard ratio 29.5; 95% confidence interval
10.6-82.3), while VCTE values above 12.0 kPa were associated with a 21-fold
increased risk of LREs (adjusted hazard ratio 20.5; 95% confidence interval 4.9-86.5)
97).

Patients with MASLD, particularly those with advanced fibrosis (=F3) and/or
additional risk factors for HCC development, might be candidates for future HCC
screening. Thresholds established in the literature, such as those currently used for
FIB-4 and VCTE, or newly validated thresholds, could be applied to more accurately
stratify HCC risk in MASLD. To reduce the risk of misclassification, combining multiple
non-invasive tests (NITs) from different categories, such as blood-based and imaging-
based tests, and evaluating their concordance could be valuable. NITs could support
the creation of risk-stratification algorithms, clinical care pathways, and surveillance
protocols for MASLD-related HCC, as outlined in recent studies Figure 3.

NAFLD related HCC

start
surveillance

assess for consider consider decision for NAFLD-related HCC screening
NAFLD-related HCC simple NITs iltrasound

such as FIB-4 elastography

? future risk stratification algorithrn

*case-by-case basis
such as VCTE

Figure 3. Outlook on developing risk stratification algorithms for MASLD (NAFLD)-related HCC
Legend: NAFLD - non-alcoholic fatty liver disease, HCC - hepatocellular carcinoma, NITs - non-invasive tests,
FIB-4 - fibrosis 4 index, VCTE - vibration-controlled transient elastography, ? - possible perspective, * - to be

considered. (Image obtained from Taru MG, Lupsor-Platon M. Exploring Opportunities to Enhance the
Screening and Surveillance of Hepatocellular Carcinoma in Non-Alcoholic Fatty Liver Disease (NAFLD) through
Risk Stratification Algorithms Incorporating Ultrasound Elastography. Cancers. 2023 Aug 14;15(16):4097.
DOI:10.3390/cancers15164097)

Hipotethically, patients that are moderately elder (60-75 years old), but without
comorbidities severe enough to prevent any HCC treatment, with advanced fibrosis
(possibly > 8 kPa), with diabetes and with good ultrasound explorability and strong
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motivation to adhere to surveillance, could benefit from a particularized HCC screening
programme, as that one presented in Figure 3. Yet, this needs to be further tested and

validated.
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5. Disease progression to clinically significant portal
hypertension (CSPH). Prevention of first
decompensation event

Clinically significant portal hypertension (CSPH), a primary factor in cirrhosis
decompensation, is characterized by a hepatic venous pressure gradient (HVPG) of 10
mmHg or higher (98). Mild or subclinical portal hypertension is a hemodynamic
condition defined by a hepatic venous pressure gradient (HVPG) ranging from 6 to 9
mmHg (41). An HVPG value 210 mmHg identifies patients with compensated advanced
chronic liver disease (cACLD) at elevated risk of decompensation, this being of outmost
importance for disease management and prognosis. In patients with CSPH,
decompensation can be prevented by using non-selective beta blockers (NSBBs),
preferably carvedilol (99). The invasive nature of HVPG measurement has led
researchers to focus on non-invasive markers that can predict clinically significant
portal hypertension (CSPH). In this context, liver stiffness measurement (LSM) by
VCTE has shown promise. Currently, an LSM of 10 kPa or higher is considered
indicative of compensated advanced chronic liver disease (cACLD), while an LSM of 15
kPa or greater is highly suggestive of cACLD (41).

According to the guidelines (41), An LS measurement by VCTE of 15 kPa or
less, combined with a platelet count of 150 x 10%/L or higher, effectively rules out
clinically significant portal hypertension (CSPH) in patients with compensated
advanced chronic liver disease (cACLD), with a sensitivity and negative predictive
value exceeding 90%. Conversely, in patients with virus- and/or alcohol-related
cACLD, as well as non-obese (BMI <30 kg/m?) MASH-related cACLD, an LS value of 25
kPa or greater is sufficient to confirm CSPH, demonstrating specificity and positive
predictive value above 90%. This identifies individuals at higher risk for endoscopic
signs of portal hypertension and greater likelihood of liver decompensation (41). The
newly proposed ANTICIPATE-NASH model, which includes BMI along with liver
stiffness measurement (LSM) by VCTE and platelet count, seeks to improve the
prediction of clinically significant portal hypertension (CSPH) in obese MASLD patients
(100). The authors found that portal hypertension is present in over 90% of cases with
compensated advanced chronic liver disease (cACLD) due to alcohol (ALD), hepatitis C
virus (HCV), or hepatitis B virus (HBV). In contrast, the prevalence of portal
hypertension is significantly lower in patients with MASH, especially those who are
obese. While an LSM of 25 kPa or greater was not sufficiently specific to confirm CSPH
in obese MASH patients, an LSM of 15 kPa or less combined with a platelet count of
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150 x 10”9/L or higher effectively ruled out CSPH across most chronic liver disease
etiologies.

Applying the current Baveno VII criteria to determine clinically significant
portal hypertension (CSPH) leaves approximately 40% of patients in an "unclassified"
"grey zone," which limits the potential to identify those who could benefit from non-
selective beta-blocker (NSBB) treatment without undergoing invasive procedures like
hepatic venous pressure gradient (HVPG) measurement. In response, Jachs et al.
recently proposed a new stratification algorithm that combines liver stiffness (LS),
platelet count (PLT), and the von Willebrand antigen to PLT ratio (VITRO) for a more
refined diagnosis of CSPH. In their monocentric, retrospective study of 302 patients
with compensated advanced chronic liver disease (cACLD), including 13.2% with
MASH etiology, CSPH prevalence was 62.3% in the derivation cohort, with 45.7%
classified as ‘unclassified’ by the Baveno VII criteria. The sequential use of Baveno VII
criteria and the new VITRO score reduced the number of previously unclassified
patients by nearly 70%. A VITRO score of <1.5 and 22.5 effectively ruled out
(sensitivity 97.7%; negative predictive value 97.5%) and ruled in (specificity 94.7%;
positive predictive value 91.2%) CSPH, respectively, for patients who were previously
unclassified by the Baveno VII criteria (101).

Spleen stiffness measurement (SSM) provides an estimate of portal
hypertension in patients with advanced chronic liver disease (CLD). Recently, the
incorporation of SSM by VCTE has been proposed as a method to decrease the number
of patients left unclassified in the "grey zone" after applying the Baveno VII criteria
(102). The Combined Baveno VII—SSM model for assessing clinically significant portal
hypertension (CSPH) requires at least two of the following criteria to rule out CSPH:
LSM < 15 kPa, PLT = 150 x 1079/L, or SSM < 40 kPa. To rule in CSPH, at least two of
the following criteria are needed: LSM = 25 kPa, PLT < 150 x 1079/L, or SSM > 40 kPa.
The authors found that incorporating SSM into the model significantly reduced the
proportion of patients in the "grey zone" to 7%-15%, while still maintaining high
negative and positive predictive values (NPV and PPV, both = 90%) (102).

Recent observations suggest that patients with advanced MAFLD may face a
higher prevalence of portal hypertension-related decompensation events at any given
hepatic venous pressure gradient (HVPG) compared to patients with advanced HCV
(103). Moreover, decompensation in advanced MAFLD may occur at lower HVPG levels
compared to patients with other liver disease etiologies (104).

The adaptation of this knowledge for advanced MASLD and MASH is currently
an active area of research.
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1. Working hypothesis/objectives

Metabolic dysfunction-associated steatotic liver disease (MASLD) poses a
significant public health challenge. Progression of the disease to more severe stages,
such as advanced fibrosis (F3) and cirrhosis (F4), is linked to several adverse long-
term outcomes. These include clinically significant portal hypertension (CSPH), initial
and subsequent decompensation events, increased liver-related mortality, the
development of hepatocellular carcinoma (even in the absence of cirrhosis), and a
heightened risk of major cardiovascular events.

Risk factors, such as diabetes—which is frequently observed in patients
diagnosed with MASLD—also play an independent role in the progression of liver
disease, regardless of its etiology. While liver biopsy remains the gold standard for
assessing fibrosis, the rising incidence and prevalence of MASLD have prompted the
research community to focus on developing alternative, non-invasive methods for
fibrosis prediction. These methods aim to improve the stratification and identification
of MASLD patients at risk for disease progression and associated complications.

Key steps include stratifying the MASLD patient population to identify those at
risk for advanced fibrosis and cirrhosis, as well as those susceptible to liver-related
events like the development of decompensation and the onset of hepatocellular
carcinoma. Additionally, understanding how to better select these patients and prevent
the onset of these significant complications is crucial.

In this respect, the thesis has set the following objectives:

o To evaluate the effectiveness of Agile 3+, Agile 4, and FAST scores in
distinguishing advanced fibrosis (=F3), cirrhosis (F4), and fibrotic MASH (MASH + NAS
24 + F 22) within a cohort of biopsy-proven MASLD patients from a tertiary medical
center in Cluj-Napoca, Romania. We hypothesized that these novel scoring systems
would offer superior diagnostic accuracy compared to traditional non-invasive tests
(NITs) such as LSM-VCTE, FIB-4, and APRI. Our specific objectives were to assess the
performance of Agile 3+ in predicting advanced fibrosis (2F3), Agile 4 in predicting
cirrhosis (F4), and the FAST score in identifying fibrotic MASH, and to determine
whether these scores provide better diagnostic accuracy than the existing NITs in
these scenarios.

e To conduct a systematic review and meta-analysis using a multi-level
random effects model to assess the diagnostic accuracy of 2D-SWE in patients with
biopsy-proven MASLD. We aimed to establish reliable cut-off values for different
stages of liver fibrosis that could be effectively applied in clinical practice. Our
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hypothesis was that 2D-SWE provides a robust and non-invasive alternative for
staging liver fibrosis, and that a meta-analytic approach would yield precise cut-off
values enhancing its clinical utility

e  To evaluate the impact of non-selective beta-blockers (NSBB) on the first
occurrence of decompensation in patients with cirrhosis and clinical evidence of
persistent clinically significant portal hypertension (CSPH) two years post-etiological
treatment. We hypothesized that NSBB use could delay or prevent the first
decompensation event. Additionally, we sought to identify independent risk factors
contributing to the initial decompensation event in different etiologies, including
MASLD, thus providing a clearer understanding of disease progression and potential
intervention points.
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2. General methodology

2.1. Patients

A cohort of 246 patients with biopsy-proven metabolic dysfunction-associated
steatotic liver disease (MASLD) from the Medical 3 Clinic in Cluj-Napoca, Romania, was
retrospectively followed during the period from January 2007 to July 2023. They were
selected for the first study, specifically for the validation of the Agile 3+, Agile 4, and
FAST scores in a population with predominantly Caucasian origins. All patients
included in the study underwent a liver biopsy (either percutaneous or transjugular)
for diagnostic purposes and had reliable vibration-controlled transient elastography
(VCTE) measurements taken within three weeks prior to the biopsy.

We excluded patients with missing data for calculating Agile 3+, Agile 4, and
FAST scores, missing fibrosis stage on liver biopsy, history of chronic liver disease
other than MASLD (NAFLD) (e.g., viral, cholestatic, immune diseases), high alcohol
consumption (>21 drinks/week for men, >14 drinks/week for women), elevated ALT
and AST levels (>5 times the upper normal limit). At baseline, the following
parameters were recorded for all patients: age, gender, body mass index (BMI), fasting
glucose, history of diabetes, complete blood count, coagulation parameters, liver
function profile, renal function, lipid profile, and serum electrolytes.

Another cohort of 406 patients with compensated liver cirrhosis from the
Sant’Orsola Polyclinic in Bologna, Italy, was retrospectively followed during the period
from 2017 to 2020. They were selected for the third study, which aimed to investigate
the effect of non-selective beta-blocker treatment in preventing the first
decompensation event and to study the independent risk factors influencing the
development of the first decompensation episode. We included consecutive patients
with compensated cirrhosis and persistent clinical evidence of clinically significant
portal hypertension (CSPH) after two years of etiological treatment. Inclusion criteria
were based on clinical, biochemical, imaging, and histological evidence of cirrhosis and
CSPH. Patients with cirrhosis of various etiologies were included. Patients were
excluded from the study if they did not fall within the age range of 18 to 80 years,
lacked evidence of clinically significant portal hypertension (CSPH), had portal vein
thrombosis, a history of shunt surgeries, prior hepatic decompensation, active or
advanced hepatocellular carcinoma, vascular liver diseases, significant comorbid
conditions, or if they had missing crucial data.

Baseline and follow-up data included the etiology of cirrhosis, comorbidities,
pharmacological treatment, routine laboratory tests, and imaging studies.
Hepatocellular carcinoma (HCC) surveillance was performed biannually. Endoscopy
was used to assess gastroesophageal varices (GEV), and non-selective beta-blockers
(NSBB) were administered based on clinical judgment.
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The primary endpoint of the study was the incidence of hepatic
decompensation, defined as the occurrence of variceal bleeding, ascites, or overt
hepatic encephalopathy. Follow-up extended until June 2023, with hepatic
decompensation or the development of hepatocellular carcinoma (HCC) and portal
vein thrombosis (PVT) treated as competing risk events.

The characteristics of each analyzed cohort, as well as the extended inclusion
and exclusion criteria, are presented in the following chapters, according to the
objectives pursued in the respective studies.

2.2. Strategy and electronic search for meta-analysis

The meta-analysis adhered to the PRISMA guidelines and was registered on the
Open Science Framework (OSF) (https://doi.org/10.17605/0SF.I0/9WV8F).

Comprehensive searches were conducted in PubMed/MEDLINE, Embase,
Scopus, Web of Science, LILACS, and the Cochrane Library for articles from inception to
February 1, 2023, and updated until February 26, 2024. Keywords included terms
related to two-dimensional shear wave elastography (2D-SWE) and metabolic
dysfunction-associated steatotic liver disease (MASLD/NAFLD). Only human studies
were included, with no restrictions on gender, race, ethnicity, or language, and only
full-text publications were considered.

Selection Criteria. Studies were included if they met these criteria:

. Population: Biopsy-proven NAFLD/NASH or MASLD/MASH

. Index Test: Liver stiffness measurement by 2D-SWE
. Reference Standard: Liver biopsy
. Studies were excluded if they were non-original works, lacked sufficient

diagnostic performance data, or involved pediatric populations.

Data extraction involved three authors independently reviewing studies for
relevant details such as demographics, diagnostic performance metrics, and technical
parameters. The methodological quality was assessed using the QUADAS-2 tool, with
disagreements resolved by a third author.

The primary outcome was the diagnostic accuracy of 2D-SWE for different
stages of liver fibrosis in MASLD patients. Subgroup analyses considered ultrasound
manufacturer, patient demographics, and comorbidities. A bivariate logit-normal
random effects model was used to estimate pooled sensitivity, specificity, and AUROC.
A multiple threshold model facilitated the analysis of studies reporting more than one
cut-off, while enabling the calculation of positive and negative predictive values for
different pre-test probabilities.
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2.3. Laboratory analysis

To exclude possible laboratory variations, all biochemical, hematological, and
virological determinations were performed in a single laboratory in Romania (Medical
Clinic III Cluj) and in a single laboratory in Italy (Sant’Orsola Polyclinic, Bologna).

2.4. Vibration-controlled transient elastography and VCTE-based
non-invasive tests

VCTE was performed using FibroScan (Echosens, Paris, France) with M and XL
probes, adhering to EASL-ALEH recommendations. Measurements were considered
reliable if they included 10 valid readings with an IQR/M <30%. Controlled attenuation
parameter (CAP) was measured simultaneously with liver stiffness and expressed in
dB/m, following similar reliability criteria.

Agile 3+, Agile 4, and FAST Scores Calculation. Scores were calculated using
baseline characteristics, including diabetes status and gender:

. Agile 3+ and Agile 4 were computed using specific logistic regression
models based on liver stiffness measurements, platelet count, AST to ALT ratio,
diabetes status, gender, and age.

. FAST score was derived from liver stiffness, CAP, and AST levels.

2.5. Liver histology

Liver biopsies were formalin-fixed, paraffin-embedded, and subsequently
analyzed by a liver disease specialist who was blinded to the results of the non-
invasive tests. Fibrosis staging was performed using the NASH Clinical Research
Network (CRN) scoring system, with stages ranging from FO (no fibrosis) to F4
(cirrhosis). The NAFLD Activity Score (NAS) was computed as the sum of the grades
for steatosis, ballooning, and lobular inflammation, with a total score ranging from 0 to
8. Metabolic dysfunction-associated steatohepatitis (MASH) was diagnosed based on
the presence of steatosis, hepatocyte ballooning, and lobular inflammation, with at
least one point in each category.

2.6. Statistical analysis for the studies that involved a retrospective
enrollment of patients

Continuous variables were evaluated for normal distribution using the
Kolmogorov-Smirnov test and were reported as either median with interquartile range
or mean with standard deviation, depending on their distribution. Categorical
variables were presented as frequencies and percentages. The one-way ANOVA test
was used to compare different fibrosis stages. The diagnostic performance of Agile 3+,



44 Indre Mdaddlina-Gabriela

Agile 4, and FAST scores was assessed through AUROC curves, and the DeLong test was
employed to compare the diagnostic performance of these indices. Concordance
between "grey zones" was examined using McNemar's test, with statistical significance
set at p < 0.05. Statistical analyses also involved Levene's tests to assess homogeneity
of variances, Student's t-tests for continuous variables, and Chi-square tests for
categorical variables. Cumulative incidence curves were compared using Gray’s test.
Multivariable Cox regression analyses were conducted to identify predictors of
decompensation and bacterial infections, with hazard ratios and 95% confidence
intervals reported. ROC curve analysis was used to evaluate the performance of
continuous parameters, with statistical significance set at p < 0.05. Statistical analysis
was conducted using IBM SPSS (version 29), and R software.

2.7. Methodology and statistical analysis for the meta-analysis

The primary outcome was the diagnostic accuracy of 2D-SWE for different
stages of liver fibrosis in MASLD patients. Subgroup analyses considered ultrasound
manufacturer, patient demographics, and comorbidities. A bivariate logit-normal
random effects model was used to estimate pooled sensitivity, specificity, and AUROC.
A multiple threshold model facilitated the analysis of studies reporting more than one
cut-off, while enabling the calculation of positive and negative predictive values for
different pre-test probabilities.

2.8. Ethical considerations

The studies were conducted in accordance with the principles of the Helsinki
Declaration and relevant local and national regulations. The study conducted in Cluj-
Napoca, Romania, received approval from the Ethics Committee of the “Iuliu
Hatieganu” University of Medicine and Pharmacy (approval number
AVZ259/14.09.2022). Informed consent was obtained from all participants at the time
of enrollment. Data accessed for research purposes on September 20, 2023, were
anonymized to ensure patient confidentiality. The study conducted in Bologna, Italy
was approved institutional review boards (MITIGO study - 405/2023). Informed
consent was obtained from all participants where applicable.

2.8. Funding

Some of the results presented in this doctoral thesis were funded through the
project PN-III-P4-PCE-2021-1140, offered by UEFISCDI, the Romanian Executive
Agency for Higher Education, Research, Development, and Innovation Funding, under
the direction of Prof. Dr. Monica Lupsor-Platon.
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3. Study 1 - FAST and Agile-the MASLD drift:
Validation of Agile 3+, Agile 4 and FAST scores in 246
biopsy-proven NAFLD patients meeting MASLD criteria of
prevalent Caucasian origin

3.1. Introduction

Non-alcoholic fatty liver disease (NAFLD), also known as metabolic
dysfunction-associated steatotic liver disease (MASLD) (1) is the most common
chronic liver condition globally, with an estimated prevalence of up to 38% of the
population (76). Liver fibrosis is a key factor influencing prognosis in patients with
MASLD, significantly impacting overall mortality and elevating the risk of liver-related
events (LREs). This risk is particularly pronounced in individuals with advanced
fibrosis (=F3) or cirrhosis (F4) (105).

Liver biopsy (LB) is currently the gold standard for assessing liver fibrosis.
However, it is limited by its invasive nature, potential for intra- and inter-observer
variability, and the risk of sampling errors (10, 12, 106). Given these limitations, the
most practical approach for identifying MASLD patients with suspected advanced
chronic liver disease (ACLD) is to use non-invasive tests (NITs) while also aiming for
cost-efficiency (107). The use of non-invasive tests (NITs), which can be readily
repeated and allow for the comparison of successive measurements, has the potential
to enhance the overall management of patients with chronic liver disease (CLD),
particularly those with MASLD (108).

Agile 3+ and Agile 4 are scoring systems that integrate clinical and laboratory
factors, such as the AST/ALT ratio, platelet count, gender, diabetes status, and age (for
Agile 3+), with liver stiffness measurement (LSM) obtained through vibration-
controlled transient elastography (VCTE) (63). These scores have been developed to
predict advanced fibrosis (2F3) and cirrhosis (F4), respectively, in patients with
MASLD (63). As established non-invasive tests (NITs), LSM-VCTE, and FIB-4 were
demonstrated to have good performance in ruling-out advanced fibrosis in MASLD
(109). The newly developed Agile 3+ and Agile 4 scores were meant to provide higher
positive predictive values (PPVs) for ruling-in 2F3 and F4, and to reduce the number of
indeterminate results (63). These scores correlate well with the severity of liver
fibrosis, decrease the number of patients left in the so-called “grey zone”, and increase
the PPV for ruling-in 2F3 and F4, respectively (63).

The FibroScan-AST (FAST) score, introduced in 2020, is designed for the non-
invasive identification of patients with metabolic dysfunction-associated
steatohepatitis (MASH) who also exhibit significant activity (NAS =4) and significant
fibrosis (F 22) according to liver biopsy results (65).
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3.2. Working hypothesis/objectives

In this study, we aimed to evaluate the effectiveness of Agile 3+, Agile 4, and
FAST scores in distinguishing advanced fibrosis, cirrhosis, and fibrotic MASH in a
cohort of biopsy-proven NAFLD patients who met MASLD criteria from a tertiary
medical center in Cluj-Napoca, Romania. A secondary objective was to assess whether
these scores provide superior predictive performance compared to commonly used
non-invasive tests (NITs) such as LSM-VCTE, FIB-4, and APRI, specifically for
predicting advanced fibrosis (=F3), cirrhosis (F4), and fibrotic MASH.

3.3. Material and methods

Patients. This retrospective analysis included 246 consecutive adult patients
(18-80 years old), evaluated for suspected MASLD, from our tertiary care center in
Cluj-Napoca, Romania. The recruitment period started on the 1st of January 2007 and
ended on the 18th of July 2023. All included patients had undergone liver biopsy
(percutaneous or transjugular) for diagnostic purposes and presented baseline reliable
VCTE measurements within a maximum three weeks prior to the liver biopsy. We
excluded patients with missing data necessary for calculating the Agile 3+, Agile 4 and
FAST scores, missing fibrosis stage on liver biopsy, history of chronic liver disease
other than MASLD (such as viral, cholestatic, immune etc.), high alcohol consumption
(defined by >21 drinks, on average, per week in men and >14 drinks, on average, per
week in women (110)), and ALT and AST >5 times the upper normal limit.

All patients had the following parameters collected at baseline: age, gender,
body mass index (BMI), fasting glucose and history of diabetes, complete blood count,
coagulation parameters, liver function profile, renal function, lipidic profile, and serum
electrolytes.

This retrospective study of consecutively enrolled patients was conducted in
accordance with the Helsinki Declaration and relevant local and national regulations.
The study protocol was approved by the Ethics Committee of “luliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca, Romania (approval number
AVZ259/14.09.2022, study reference PN-III-P4-PCE-2021-1474). Informed consent
was obtained from all participants at the time of enrollment. Data were accessed for
research purposes on September 20, 2023. During and after data collection, the
authors did not have access to any information that could identify individual
participants.

Liver biopsy. Liver biopsies were fixed in formalin and embedded in paraffin.
Histopathological staging for liver fibrosis was performed according to the NASH
Clinical Research Network (CRN) scoring system and served as the reference standard
(10). Steatosis (0-3), ballooning (0-2) and inflammation (0-3) were also scored using
the NASH CRN scoring system (10). One pathologist specialized in liver diseases,
blinded to the NITs results, staged fibrosis on the biopsy specimens, as: stage 0 -
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absence of fibrosis (F0), stage 1 - perisinusoidal or portal (F1), stage 2 - perisinusoidal
and portal/periportal (F2), stage 3 - septal or bridging fibrosis (F3), stage 4 - cirrhosis
(F4). The NAFLD activity score (NAS) was calculated as the sum of steatosis,
ballooning, and lobular inflammation grades and ranged from 0 to 8 (10). MASH was
defined on LB as the presence of steatosis, hepatocyte ballooning, and lobular
inflammation with at least 1 point for each category (FLIP-NASH) (111), following the
seminal study on FAST score (65). Every biopsy specimen included in the analysis was
taken from the right lobe (percutaneous or transjugular) and had a minimum of 6
portal tracts.

Fibrosis prediction formulas

The Fibrosis-4 index (FIB-4) was calculated as follows:
__ Age (years)x AST (U/L)
FIB4 = PLT (10°/1)x \JALT (U/L)

(112);

The AST to platelet ratio index (APRI) was calculated as follows:

__ AST level(/ULN) )
APRI = —mraem X 100 (113);

Liver stiffness measurement by vibration controlled transient
elastography for staging fibrosis. VCTE (FibroScan, Echosens, Paris, France) was
performed by two experienced operators, blinded to the biopsy results, with both M
(3.5 Hz frequency), and XL (2.5 Hz frequency) probes, according to the EASL-ALEH
recommendations (109, 114) and considering the integrated automatic probe selection
software. Measurements were performed in a fasting state (6 hours). We considered
reliable results as being those representing the median of 10 valid measurements with
an IQR/M below 30%.

Controlled attenuation parameter by vibration controlled transient
elastography for grading steatosis. CAP measurements (available in our clinic since
2012) were performed by FibroScan (Echosens, Paris, France) by two experienced
operators, blinded to the biopsy results, simultaneously with LSM and by respecting
the principles of CAP measurement (43). CAP was computed only when the
corresponding LSM was valid, utilizing the same signals used to measure liver stiffness.
Consequently, both stiffness and CAP were obtained during the same examination and
from the same liver parenchyma volume. Reliable results were defined as the mean of
10 valid measurements with an interquartile range to median (IQR/M) ratio below
30%. The final CAP value was reported in dB/m.
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Agile 3+, Agile 4 and FAST scores

We calculated the Agile 3+, Agile 4 and FAST scores based on the baseline
characteristics for each patient, considering diabetes status: yes=1, no=0 and gender:
male=1, female=0, by using the following formulas (63, 65):

For Agile 3+:
elogit(pr=Fs)
Agile 3+= m
where
logit (pp=F3) = —3.92368 + 2.29714 x In(LSM) — 0.00902 x PLT —

0.98633 x AAR™ 1 + 1.08636 X Diabetes status — 0.38581 X Sex + 0.03018 X Age

For Agile 4:
) _ elogit(pp=y)
Agde 4= 14+e ogit(Dp—y)
where
ngit(pF:4) =7.50139 — 15.42498 x ng_M — 0.01378 X PLT —1.41149 x AAR™! —
0.53281;
For FAST score:
o—165 +1.07 xIN(LSM) + 266 = 1078 x cAP®-s3.3 x AST™L
FAST =

1+e—165 +107 x IN(L5M) + 2.66 = 10" © x CAP®—63.2 x AST 1’

Statistical analysis. Continuous variables were assessed for normal
distribution using the Kolmogorov-Smirnov test and were expressed as either median
with interquartile range (Q1-Q3), mean with standard deviation (SD), or mean with
standard error of the mean (SEM). Categorical variables were reported as frequencies
and percentages. Descriptive statistics were provided for the entire cohort (n=246)
and for the subset of patients for whom the FAST score was calculated (n=136).
Intergroup comparisons of fibrosis stages with LSM-VCTE, Agile 3+, and Agile 4 were
performed using one-way ANOVA. The diagnostic performance of Agile 3+, Agile 4, and
FAST scores was evaluated using receiver operating characteristic (AUROC) curves,
with AUROCs and 95% confidence intervals (CI) calculated for detecting histologically
confirmed advanced fibrosis (=F3), cirrhosis (F4), and fibrotic MASH (MASH + NAS =4
+ F22). The DeLong test was employed to compare the diagnostic performance of Agile
scores with LSM alone, FIB-4, and APRI. For Agile 3+, Agile 4, and FAST scores, the
number of patients remaining in the grey zone was determined, and concordance
between grey zones was assessed using the exact McNemar’s test. Statistical
significance was defined as p < 0.05 for all tests. Analyses were conducted using IBM
Statistical Package for Social Sciences (SPSS, version 29, IBM Corp., Armonk, NY, USA).
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3.4. Results

246 biopsy-proven MASLD patients were included in the final analysis. The
mean number of portal tracts on biopsy was 12 +8. Of those, 136 presented reliable
CAP measurements. Out of 256 patients with reliable VCTE measurements, 4 (1.6%) of
them did not meet the MASLD criteria and were not included in the analysis (were

considered as lean NAFLD). Figure 1 displays a comprehensive overview of the patient
selection process.

337 patients with
compensated biopsy-
proven NAFLD
screened

256 available VCTE at
baselie

246 (96.1%) NAFLD
patients with VCTE
reliable
measurements,
included in the analysis

6 (2.4%) VCTE
unreliable
measurements,
excluded

validation of Agile 3+
and Agile 4 scores

4 (1.6%) not meeting
MASLD criteria,

considered as of which 136 CAP
lean-NAFLD, excluded measurements

available, all reliable

validation of FAST
score

Fig 1. Flow diagram of patient selection. NAFLD- nonalcoholic fatty liver disease, VCTE- vibration controlled transient
elastography, CAP- controlled attenuation parameter, FAST- FibroScan-AST score.

Figure 2 was obtained from Taru MG, Tefas C, Neamti L, Minciuna I, Taru V, Maniu A, Rusu I,
Petrushev B, Procopciuc LM, Leucuta DC, Procopet B, Ferri S, Lupsor-Platon M, Stefanescu H. FAST and Agile-
the MASLD drift: Validation of Agile 3+, Agile 4 and FAST scores in 246 biopsy-proven NAFLD patients meeting
MASLD criteria of prevalent caucasian origin. PloS one. 2024 May 23;19(5): e0303971.
DOI:10.1371/journal.pone.0303971

The median age at baseline was 52 years (IQR, 20) and median BMI was 29.0
kg/m2 (IQR, 5.1). 113 (45.9%) patients were female and 75 (30.5%) presented
diabetes at baseline. Table I provides a comprehensive overview of the baseline
characteristics for the included patients.
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Table I. Baseline characteristics of the patients included in the study

Validation of Agile 3+ and Agile 4 scores

Validation of FAST score

n=246 n=136

Variable Count (%) or Median (Q1-Q3) Count (%) or Median (Q1-Q3)
Age (years) 52 (41-61) 55 (47 - 63)
Gender Female 113 (45.9) 74 (54.4)
BMI (kg/m"2) 29.0(27.1-32.2) 29.0(27.0-32.5)
T2DM Yes 75 (30.5) 49 (36.0)

FoO 25(10.2) 4 (2.9)
Fibrosis F1 70 (28.4) 30(22.1)
(NASH CRN) F2 78 (31.7) 53(39.0)

F3 44 (17.9) 29 (21.3)

F4 29 (11.8) 20 (14.7)
OSteatosis S1 82(33.3) 43 (31.6)
(NASH CRN) 52 85 (34.6) 50(36.8)

53 79 (32.1) 43 (31.6)
MASH/NASH 222(90.2) 114 (83.8)
Hb (mg/dl) 14.9 (13.6- 16.0) 143 (13.1-15.7)

Platelets (x10°9/1)

230 (187 - 268)

224 (174 - 272)

INR

1.02(0.94 - 1.12)

1.05 (0.96 - 1.15)

TB (mg/dl)

0.70 (0.50 - 1.00)

0.70 (0.50 - 1.00)

AST (TU/T) 43 (29- 67) 45 (28 - 63)
ALT (TU/) 56 (35 - 101) 48 (30 - 81)
GGT (IU/) 66 (39 - 106) 67 (39 - 116)
ALP (TU/T) 108 (148 - 283) 106 (118 - 282)
Alb (TU/T) 43(4.0-48) 43(4.0-48)

Glycemia (mg/dl)

104 (93 - 126)

108 (94 - 129)

Creatinine (umol/1)

0.84(0.71- 1.03)

0.78 (0.64 - 0.90)

Tot Cho (mmol/T)

202 (164 - 246)

185 (160 - 227)

LDL (mmol/1)

107 (83 - 154)

112 (85 - 154)

Tg (mmol/l)

159 (114 - 230)

143 (111 - 206)

FIB-4 1.26 (0.82 - 2.11) 1.50 (0.99 - 2.25)
APRI 0.53 (0.34 - 1.03) 0.53 (0.35 - 1.01)
LS (kPa) 84(5.9-134) 95(6.2-1438)

Legend for Table I: n- number, FAST- FibroScan-AST score, Q1- percentile 25, Q3- percentile 75, BMI- body
mass index, T2DM- type 2 diabetes mellitus, NASH- nonalcoholic steatohepatitis, CRN- clinical research
network, MASH- metabolic disfunction-associated steatohepatitis, Hb- hemoglobin, INR- international
normalized ratio, TB- total bilirubin, AST- aspartate-aminotransferase, ALT- alanine-aminotransferase, GGT-
gamma glutamyl transpeptidase, ALP- alkaline phosphatase, Alb- albumin, Tot Cho- total cholesterol, LDL- low-
density lipoprotein cholesterol, Tg- triglycerides, FIB-4- Fibrosis 4 index, APRI- AST to Platelet Ratio Index, LS-
liver stiffness, kPa- kilopascals
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Diagnostic performance of Agile 3+ and Agile 4 scores

The mean (+SEM) values for LSM-VCTE increased progressively with advancing
fibrosis stages, starting from FO (5.6 + 0.5 kPa) and rising to F1 (6.8 + 0.3 kPa), F2 (9.0
+ 0.5 kPa), F3 (15.5 + 1.2 kPa), and F4 (30.4 + 3.1 kPa) (Figure 2a). Agile 3+ also
demonstrated a progressive increase across fibrosis stages, with values for F0 (0.073 *
0.017), F1 (0.182 + 0.024), F2 (0.336 + 0.032), F3 (0.686 + 0.042), and F4 (0.939 %
0.016) (Figure 2b). Similarly, Agile 4 followed the same trend, with values for FO
(0.006 = 0.002), F1 (0.024 + 0.005), F2 (0.100 = 0.020), F3 (0.292 * 0.039), and F4
(0.736 +0.041) (Figure 2c).
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Fig 2. LSM-VCTE, Agile 3+ and Agile 4 scores among 246 patients with biopsy-proven NAFLD. Median values (lines inside boxes) for (a) LSM-VCTE, (b)
Agile 3+, (c) Agile 4 are shown in the box graph, together with the 25th-75th percentiles, respectively. LSM-liver stiffness measurement, VCTE-vibration
controlled transient elastography, kPa-kilopascals, NASH-nonalcoholic steatohepatitis, CRN-Clinical Research network, FO -absence of fibrosis, F1 -mild
fibrosis, F2 -significant fibrosis, F3 -advanced fibrosis, F4 —cirrhosis.

For predicting advanced fibrosis (=F3), Agile 3+ demonstrated an AUROC of 0.909
[95% CI: 0.866-0.942], while Agile 4 showed an AUROC of 0.911 [95% CI: 0.869-
0.944] (Figure 3). The performances of the two scores were slightly lower compared to
the AUROC for LSM alone, which was 0.933 [95% CI: 0.894-0.961]. However, these
differences were not statistically significant, with DeLong test p-values of 0.209 for
Agile 3+ and 0.245 for Agile 4.
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ROC curves for Agile 3+, Agile 4, VCTE and FIB-4 in identifying advanced fibrosis
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Using a cut-off of 0.451, Agile 3+ demonstrated the following performance metrics
for ruling out advanced fibrosis: sensitivity (Se) of 90.41%, specificity (Sp) of 79.77%,
positive predictive value (PPV) of 65.35%, negative predictive value (NPV) of 95.17%,
and accuracy (Acc) of 82.93%. For ruling in advanced fibrosis with a cut-off of 0.679,
Agile 3+ showed a sensitivity of 76.71%, specificity of 91.91%, PPV of 80.00%, NPV of
90.34%, and an accuracy of 87.40%. The performance of Agile 3+ in predicting
advanced fibrosis (2F3) with the selected cut-offs for sensitivity =85%, 290%, and
specificity 290% is detailed in Table II.

Table II. Diagnostic accuracy of Agile 3+, Agile 4, LSM-VCTE and FIB-4 in identifying advanced
fibrosis (2F3) among 246 patients with biopsy-proven MASLD

NIT AUC [95% CT] Aim Cutoff | Se(%) | Sp (%) | PPV (%) | NPV (%) | Acc (%)
Agile 3+ | 0.909[0.866 - 0.942] | Se>90% | 0.480 9041 | 82.66 | 68.75 95.33 84.96
Sp=90% | 0.680 7671 | 9249 | 81.17 90.40 87.81
Se=85% | 0.530 8630 | 8555 | 71.59 93.67 85.77
0451% | 9041 | 7977 | 6535 95.17 82.93
0.679%* | 7671 | 91.91 | 80.00 90.34 87.40
Agile 4 0.911 [0.869 - 0.944] | Youden 0.090 83.56 | 89.60 | 77.22 92.81 87.81
VCIE 0.933[0.894 - 0.961] | Youden 11.1kPa | 89.04 | 88.44 | 7647 95.03 88.62
FIB-4 0.854 [0.803 - 0.895] | Youden 1.53 82.19 | 78.03 | 61.22 91.21 79.26

Legend for Table II: NIT- non-invasive rest, VCTE - vibration controlled transient elastography, FIB-4 - Fibrosis
4 Index, Se - sensitivity, Sp - specificity, PPV - positive predictive value, NPV - negative predictive value, Acc-
accuracy, kPa - kilopascals, *Original cut-off value to rule-out advanced fibrosis (63) ,** Original cut-off value

to rule-in advanced fibrosis (63).

For diagnosing cirrhosis (F4), Agile 3+ had an AUROC of 0.958 [95% CI: 0.925-
0.980], while Agile 4 achieved an AUROC of 0.968 [95% CI: 0.937-0.986]. (Figure 4).
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The performances of the two scores were slightly higher than that of LSM-VCTE alone,
which had an AUROC of 0.956 [95% CI: 0.922-0.978]. However, these differences were
not statistically significant, with DeLong test p-values of 0.782 for Agile 3+ and 0.312
for Agile 4.

ROC curvwe(s) for Agile 3+, Agile 4, VCTE and FIB-4 in identifying cirrhosis
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Using a cut-off of 0.251, Agile 4 achieved the following performance metrics for
ruling out cirrhosis (F4): sensitivity (Se) of 96.55%, specificity (Sp) of 84.79%, positive
predictive value (PPV) of 45.90%, negative predictive value (NPV) of 99.46%, and
overall accuracy (Acc) of 86.18%. For ruling in cirrhosis, with a cut-off of 0.565, Agile 4
demonstrated a sensitivity of 72.41%, specificity of 94.47%, PPV of 63.64%, NPV of
96.24%, and an accuracy of 91.87%. The performance of Agile 4 in predicting cirrhosis
using these cut-offs is detailed in Table III.
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Table I1I. Diagnostic accuracy of Agile 3+, Agile 4, LSM-VCTE and FIB-4 in identifying cirrhosis

(F4) among 246 patients with biopsy-proven MASLD

NIT AUC [95% CT] Aim Cut-off | Se (%) | Sp (%) | PPV (%) | NPV (%) | Acc (%)
Agile 3t | 0.958[0.925-0.980] | Youden 0.820 9655 | 8756 | 5091 99.48 88.62
Agile 4 0.968 [0.937 - 0.986] | Se>90 % | 0.380 9310 |90.78 | 57.44 98.99 91.05
Sp>90% | 0.520 7586 | 9401 | 62.86 96.68 91.87
Se>85% | 0.470 89.66 | 93.09 | 63.42 9354 92.69
Sp>95% | 0.600 7241 | 9631 | 7239 96.31 9349
0251% | 9655 | 8479 | 45.90 99.46 36.18
0.565** | 7241 | 9447 | 63.64 96.24 91.87
VCTE 0.956[0.922 - 0.978] | Youden 13kPa | 9655 | 8387 | 44.44 99.45 8536
FIB4 0.921 [0.880 - 0.951] | Youden 1.79 9655 | 76.04 | 35.00 99.40 78.46

Legend for Table I1I: NIT- non-invasive rest, VCTE - vibration controlled transient elastography, FIB-4 -
Fibrosis 4 Index, Se - sensitivity, Sp - specificity, PPV - positive predictive value, NPV - negative predictive value,
Acc - Accuracy, kPa - kilopascals, *Original cut-off value to rule-out cirrhosis (63)** Original cut-off value to
rule-in cirrhosis (63).

Comparison with other fibrosis prediction scores
A detailed comparison using DeLong protocol among different fibrosis
prediction scores is presented in Table IV.

Table IV. Comparison between Agile 3+, Agile 4, and standard NITs in staging liver fibrosis
using DeLong Protocol

Fibrosis stage NIT p values
Agile 3+ Agile 4 VCTE FIB-4
>F3 Agile 3+ N/A 0.783 0.209 0.012
Agile 4 0.783 N/A 0.245 0.003
VCTE 0.209 0.245 N/A 0.006
FIB-4 0.012 0.003 0.006 N/A
F4 Agile 3+ N/A 0.099 0.782 0.012
Agile 4 0.099 N/A 0.312 0.001
VCTE 0.782 0.312 N/A 0.086
FIB-4 0.012 0.001 0.086 N/A

Legend for Table IV: F3 - advanced fibrosis, F4 - cirrhosis, NIT - non-invasive test, VCTE - vibration-
controlled transient elastography, FIB-4 - Fibrosis 4 Index, N/A - not applicable
For identifying advanced fibrosis (2F3), the AUROC for LSM-VCTE alone was
0.933 [95% CI: 0.894 - 0.961], while for the FIB-4 index, it was 0.854 [95% CI: 0.803 -
0.895]. Agile 3+ showed significantly better diagnostic performance compared to FIB-
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4, with a p-value of 0.012. However, there was no statistically significant difference
between Agile 3+ and LSM-VCTE, with a p-value of 0.209

In terms of identifying cirrhosis (F4), the AUROCs for LSM-VCTE alone and for
FIB-4 index were 0.956 [95% CI: 0.922 - 0.978] and 0.921 [95% CI: 0.880 - 0.951],
respectively (Table 3). Agile 4 had a significantly better diagnostic performance
compared to FIB-4 (p=0.001), and a slightly better diagnostic performance compared
to LSM-VCTE alone, but not statistically significant (p=0.312).

Proportion of patients with indeterminate results when applying Agile 3+,
Agile 4 and LSM-VCTE

We next looked at the proportion of patients that remained unclassified (in the
so-called “grey zone”). In our cohort of patients, by using Agile 3+ standard cut-offs for
>F3, 0.451 and 0.679 (63), and LSM-VCTE standard cut-offs for 2F3, 8 kPa and 12 kPa,
(109), the proportion of patients that were left unclassified were 12.6% and 21.9%,
respectively (McNemar’s exact test p=0.003). By using Agile 4 standard-cutoffs for F4,
namely 0.251 and 0.565 (63), and the LSM-VCTE cut-offs of 8 kPa and 20 kPa, then 10
kPa and 20 kPa (115), the proportion of patients that were left unclassified were
11.4%, 39.4% and 26.8%, respectively (McNemar’s exact test p<0.0001 for both
scenarios), as depicted in Table V.

Table V. Distribution of patients with biopsy-proven MASLD according to the individual risk

NIT Rule-out Patients below | Patients Rule-in Patients above the
cutoff the low cut-off | remained in cutoff high cut-off value
value grey zone n n (%)
n (%) (%0)
AF (CF3) Agile 3+ 0.451 145 (58.9) 31(12.6) 0.679 70 (28.5)
LSM-VCTE | 8 kPa 120 (48.8) 54(21.9) 12 kPa 72(29.3)
Cirrhosis Agile 4 0.251 185(75.2) 28 (11.4) 0.565 33(13.4)
F4) LSM-VCTE | 8 kPa 120 (48.8) 97 (39.4) 20 kPa 29 (11.8)
LSM-VCTE | 10 kPa 151 (61.4) 66 (26.8) 20 kPa 29 (11.8)

Legend for Table V: NIT - non-invasive test, AF - advanced fibrosis, F3 - advanced fibrosis. LSM -
liver stiffness measurement, VCTE - vibration-controlled transient elastography, n - number, % -
percentage

Diagnostic performance of FAST score in identifying fibrotic NASH

The AUROCs for identifying fibrotic NASH (NASH + NAS 24 + F 22) were as
follows: FAST Score achieved 0.679 [95% CI: 0.594 - 0.757], LSM-VCTE alone was
0.591 [95% CI: 0.503 - 0.674], FIB-4 index was 0.519 [95% CI: 0.432 - 0.606], and
APRI score was 0.578 [95% CI: 0.490 - 0.662] (Figure 5). In the subgroup analysis for
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FAST Score, the AUROCs were 0.70 [95% CI: 0.59 - 0.80] for ALT =35 UI/L and 0.60
[95% CI: 0.42 - 0.77] for ALT <35 UI/L, respectively.

ROC curves for FAST score, VCTE, FIB-4 and APRI scores in identifying fibrotic NASH
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Fig 5. Diagnostic performance of FAST score and other NITs in predicting fibrotic NASH. ROC—receiver operating characteristic curve, FAST-

FibroScan-AST scare, VCTE-vibration-controlled transient elastography, FIB-4 Fibrosis 4 Index, APRI—aspartate aminotransferase to platelet ratio index

The AUROC for FAST score was significantly higher than the AUROCs for LSM-
VCTE alone (p=0.02), FIB-4 (p=0.001) and APRI (p=0.002) scores.

The Se, Sp, PPV, NPV, and Acc for FAST score using the cut-off of 0.35 to rule-
out fibrotic NASH and the cut-off of 0.67 to rule in the condition (109), along with our
best selected cut-off values for Se 290% and Sp 290% are presented in Table VL

Table VI. Diagnostic accuracy of FAST score in predicting fibrotic MASH (MASH + NAS=4 +
F>2)

NIT ATUC (95% CI) Aim Cut-off | Se (%) | Sp (%) | NPV (%) | PPV (%) | Acc (%)
FAST score | 0.679 (0.594,0.757) | Se>90% | 0.17 9180 | 2533 | 79.16 50.00 55.14
Sp=90% | 0.75 31.15 | 90.67 | 61.82 73.09 63.97
0.35% 2131 | 5867 |47.83 41.94 4191
0.67%* | 49.18 | 76.00 | 64.77 62.50 63.97

Legend for Table VI: NIT - noninvasive test, AUC-area under the ROC curve, CI- confidence interval, %-
percentage, Se- sensitivity, Sp-specificity, NPV- negative predictive value, PPV-positive predictive value, Acc-
accuracy, *original cut-off value to rule-out fibrotic NASH (65), **original cut-off value to rule-in fibrotic NASH
(65).
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In our cohort of patients, when applying the FAST score with its standard cut-
off values (65), 44 (32.4%) patients remained below the inferior cut-off, 44 (32.4%) in
the grey zone and 48 (35.2%) patients were above the superior cut-off.

3.5. Discussions

The purpose of this study was to validate three new non-invasive scoring
systems—Agile 3+, Agile 4, and the FAST score—in a cohort of 246 patients with
biopsy-confirmed NAFLD meeting MASLD criteria. We aimed to assess their
effectiveness in distinguishing between advanced fibrosis, cirrhosis, and fibrotic MASH,
and our findings successfully confirmed their utility. During the validation process, we
evaluated the performance of previously published cut-offs and provided optimal cut-
off values tailored to our cohort. Our goal was to achieve sensitivities of 285% and
290% for ruling out the conditions, and specificities of 290% and 295% for ruling in
the conditions (63).

Agile 3+ and Agile 4 scores were specifically developed for individuals with
MASLD in 2023 (63). These scoring systems aim to achieve several key objectives.
They are designed to accurately identify advanced fibrosis and cirrhosis, which are
critical for assessing the severity of liver disease. Additionally, they work to optimize
the positive predictive value, ensuring that those who test positive for these conditions
are indeed at high risk. Another important goal is to reduce the number of
indeterminate results, often referred to as the "grey zone," where further invasive
testing might otherwise be required, thereby improving diagnostic clarity and
minimizing the need for additional procedures (63).

Agile 3+

Upon assessing its diagnostic performance, the AUROC for Agile 3+ in
discriminating advanced fibrosis (=F3) was excellent but slightly lower than that for
LSM-VCTE alone (0.909 vs. 0.933), though this difference was not statistically
significant (p=0.209). However, when comparing the number of patients with
indeterminate results after applying dual cut-off approaches for Agile 3+ and LSM-
VCTE, Agile 3+ significantly reduced the number of patients in the grey zone (p=0.003)
while maintaining very good accuracy (Table V).

Agile 4

Upon assessing its diagnostic performance, the AUROC for Agile 4 in
discriminating cirrhosis (F4) demonstrated excellent performance, slightly superior to
that of LSM-VCTE alone (0.968 vs. 0.956), though the difference was not statistically
significant. With the application of the dual cut-off approach for Agile 4, only 11.4% of
patients remained in the grey zone, while maintaining excellent accuracy.
Furthermore, Agile 4 significantly reduced the number of patients with indeterminate
results compared to LSM-VCTE, with a p-value of <0.0001.
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Agile 3+ and Agile 4 Scores

Both Agile 3+ and Agile 4 scores significantly outperformed the FIB-4 index in
discriminating advanced fibrosis (2F3) and cirrhosis (F4). These findings suggest that
Agile 3+ and Agile 4 are well-optimized tools for distinguishing MASLD patients with
advanced fibrosis and cirrhosis. Our results align with those of previously reported
studies, reinforcing the effectiveness of these scores in clinical practice (63, 116). The
seminal study by Sanyal et. all. (63), that developed the Agile scores, reported
significantly greater AUROCs when compared to LSM-VCTE alone (0.86-0.90 for Agile
3+ and 0.83-0.85 for LSM-VCTE in depicting =F3, and 0.89-0.93 for Agile 4 and 0.85-
0.88 for LSM-VCTE in discriminating F4). In our cohort, although the Agile 3+ and Agile
4 scores did not achieve significantly higher AUROCs compared to LSM-VCTE alone,
their clinical utility was evident. Agile 3+ notably reduced the number of patients with
indeterminate results, while Agile 4 demonstrated excellent accuracy, reaching 92%.
Specifically, applying the optimal cut-off of 0.600 for Agile 4 allowed for ruling-in
cirrhosis with a high accuracy of 93.5%. These results underscore the practical value of
these scoring systems in managing patients with MASLD and cirrhosis.

The lack of significant superiority in AUROCs for Agile scores in our cohort
compared to the seminal study may be attributed to several factors. First, our cohort
had a slightly different prevalence of F3 and F4 fibrosis stages, which could influence
the performance metrics. Additionally, there may be variations in clinical and
laboratory data used for score computation, affecting the results. Our study included
consecutive patients with a clinical suspicion of MASH, which likely mirrors the
general population's distribution of fibrosis stages. Furthermore, our cohort was
predominantly of Caucasian descent, who may have different risks for severe fibrosis
compared to populations such as Latin-Americans or Hispanics. These differences
highlight the importance of considering demographic and clinical variations when
evaluating the performance of diagnostic scoring systems (76). Given these
considerations, our results hold particular significance for Central and Eastern Europe,
where the Caucasian population is prevalent. The observed performance of the Agile
3+ and Agile 4 scores in our cohort provides valuable insights into their applicability in
this specific demographic.

In our cohort, the prevalence of advanced fibrosis (=F3) was 29.7% and
cirrhosis (F4) was 11.8%. This contrasts with the study by Sanyal et al. (63), where the
prevalence of these conditions was higher: 54% for advanced fibrosis and 23% for
cirrhosis in both the training and validation sets, and 37% and 13% in the external
validation cohort, respectively. Additionally, Sanyal et al. reported a mean age of 55 *
16 years for both their training and validation cohorts, with a significant proportion of
patients having diabetes (50.4% in the training cohort and 51% in the validation
cohort). In comparison, our study had a median age of 52 years (range 41-61) and a
lower proportion of patients with diabetes, at 30.5%.
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For Agile 3+, the thresholds we used—0.480 for ruling out advanced fibrosis
(with a sensitivity of 290%) and 0.680 for ruling in advanced fibrosis (with a
specificity of 290%)—were closely aligned with the standard thresholds of 0.451 and
0.679, respectively. Similarly, for Agile 4, our thresholds—0.380 for ruling out cirrhosis
(with a sensitivity of 290%) and 0.520 for ruling in cirrhosis (with a specificity of
290%)—were consistent with the proposed thresholds in the literature of 0.251 and
0.565, respectively. The excellent diagnostic performance of these standard cut-offs in
our cohort suggests that they can be reliably applied to the Caucasian population.

One notably significant element emphasized in our article is the outstanding
capability of Agile 4 in distinguishing cirrhosis (accuracy of 92 %), in a population with
a median BMI of 29.0 (IQR, 5.1). It was previously established that LSM-VCTE alone
=25 kPa is adequate for confirming CSPH in non-obese individuals with NASH, but it
falls short in the case of obese patients with NASH (117). In this regard, composite
scores with remarkable accuracy, such as Agile 4, could offer significant improvements
in depicting CSPH and improve the management of these patients.

As part of the clinical evaluation, especially for risk stratification, the patients
that are left in the “grey zone” should undergo, in our opinion, additional monitoring to
determine their real fibrosis status. In this scenario, the causes for false positives
should be considered, and another non-invasive test could be applied (ELF™,
FibroMeter™, FibroTest®) or the patient could undergo liver biopsy in case of
discordant NITs (109).

Another notable accomplishment of using Agile scores in clinical practice is
their ability to predict liver-related events. Recent studies have demonstrated that
these scores not only effectively differentiate between stages of fibrosis and cirrhosis
but also offer valuable prognostic information regarding the risk of liver-related
complications. This predictive capability enhances patient management by identifying
those at higher risk for adverse outcomes, thereby guiding more personalized and
timely interventions (64, 118). Since these scores incorporate factors like diabetes
(119), which predisposes to hepatic decompensation, and other variables related to
prediction of liver-related events (including hepatocellular carcinoma), we anticipate
that this field will remain highly dynamic and lively, with continued validation and
exploration of the Agile scores.

FAST-score

When developed, the FAST score exhibited satisfactory performance in both
deviation (C-statistic 0.80, 95% CI 0.76-0.85) and validation (C-statistic range 0.85;
95% CI 0.83-0.87) cohorts and was further validated in some populations (65). For
depicting fibrotic MASH, the FAST score demonstrated satisfactory performance in a
recently published meta-analysis encompassing 12 studies, achieving an AUROC of
0.79 (120). By applying the rule-out (<0.35) and rule-in (20.67) cut-offs, 33%
remained in the grey zone (120). In our cohort of patients, the FAST score exhibited
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moderate performance in discriminating fibrotic MASH, with an AUROC of 0.679. It
outperformed FIB-4 (0.679 vs. 0.519), APRI (0.679 vs. 0.578), and LSM-VCTE alone
(0.679 vs. 0.591). However, it is important to note that LSM-VCTE was primarily
designed for assessing fibrosis and steatosis, and the presence of inflammation can
significantly influence its results.

Given that Agile 3+, Agile 4, and FAST scores are designed to identify
populations with varied fibrotic and inflammatory statuses, they hold significant
promise for inclusion in screening algorithms for fibrosis and fibrotic NASH (MASH).
These scores can enhance the precision of non-invasive assessments and improve the
management of patients by better stratifying those at risk for advanced liver
conditions (121). We believe that Agile 3+, Agile 4, and FAST scores could play a
pivotal role within a clinical pathway, potentially serving as a “secondary step” in
evaluations conducted in specialized medical centers. It is important to recognize that
these scores incorporate laboratory tests such as platelets, AST, and ALT, which are
also commonly included in initial screening tools like FIB-4 or NAFLD fibrosis score.
Therefore, the performance of a multistep algorithm, which integrates Agile 3+, Agile 4,
or FAST scores, should be carefully evaluated and validated in future studies to
determine its effectiveness and utility in clinical practice.

The limitations of our study stem primarily from its retrospective design and
cross-sectional nature, which precluded an exploration of the association between the
scores and clinical outcomes. Despite these limitations, the study's strengths are
notable. We enrolled a relatively large cohort of patients, and this represents the first
report on the use of Agile scores from Eastern Europe, specifically involving a
predominantly Caucasian population. Additionally, all liver biopsy samples were
assessed by a single expert pathologist, minimizing variability in pathological staging.
Among the 256 patients with reliable VCTE measurements, 252 (98.4%) met the
criteria for MASLD, highlighting the relevance of our findings in the context of the
recent redefinition of the disease. However, the study faced some limitations due to the
extended analysis period (2007-2023) and the use of two different FibroScan devices
(FibroScan X1115305 and FibroScan® Expert 630 starting in 2016). Despite these
challenges, the study maintained rigorous adherence to its protocol throughout.
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3.6. Conclusions

In conclusion, this study successfully validated the utility of three non-invasive
scoring systems—Agile 3+, Agile 4, and FAST score—in a cohort of patients with
biopsy-confirmed NAFLD who met the criteria for MASLD and were of Caucasian
origin. The Agile 3+ and Agile 4 scores proved effective in distinguishing between
advanced fibrosis and cirrhosis, and they notably reduced the number of
indeterminate results compared to the FIB-4 score. Although the AUROCs for these
scores did not significantly surpass those of LSM-VCTE alone, the Agile scores
enhanced overall accuracy and minimized indeterminate cases. The Agile 4 score, in
particular, demonstrated excellent accuracy in differentiating cirrhosis, making it a
promising tool for non-invasive assessment of CSPH in patients with obese NASH
(MASH). The FAST score showed moderate performance in identifying fibrotic NASH
(MASH). These findings indicate that Agile 3+, Agile 4, and FAST scores offer valuable
contributions to the evaluation and management of MASLD and should be further
explored in clinical practice.

Preliminary results were presented at the EASL Congress 2024, Milan, Italy -
Taru MG, Tefas C, Neamti L, Minciuna I, Taru V, Maniu A et all. FAST and Agile - the
MASLD Drift: validation of Agile 3+, Agile 4 and FAST scores in 246 biopsy-proven
MASLD patients of prevalent caucasian origin. EASL Congress 2024. Milan, Italy. 5-8
June 2024.

The results of this study have been published in the article: Taru MG, Tefas C,
Neamti L, Minciuna I, Taru V, Maniu A, Rusu I, Petrushev B, Procopciuc LM, Leucuta DC,
Procopet B, Ferri S, Lupsor-Platon M, Stefanescu H. FAST and Agile—the MASLD Drift:
Validation of Agile 3+, Agile 4, and FAST Scores in 246 Biopsy-Proven NAFLD Patients
Meeting MASLD Criteria of Predominant Caucasian Origin. PLoS One. 2024 May
23;19(5): e0303971. DOI:10.1371/journal.pone.0303971 (ISI IF 2.9, QI;
WO0S:001231237700084).
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4. Diagnostic accuracy of two-dimensional shear
wave elastography (2D-SWE) ultrasound for liver fibrosis
assessment in metabolic dysfunction-associated steatotic
liver disease (MASLD): A multi-level random effects
model meta-analysis

4.1. Introduction

Non-alcoholic fatty liver disease (NAFLD), which has recently been reclassified
as metabolic dysfunction-associated steatotic liver disease (MASLD) (1), presents a
significant challenge to the healthcare system. Its prevalence is rising rapidly, imposing
a considerable global burden. Identifying affected individuals through targeted
screening is crucial given the large population at risk (2, 3). According to recently
published data, the two definitions meet a high level of agreement, up to 99.3% (122).
Liver fibrosis is associated with long-term outcomes in patients with MASLD (4), and
fibrosis progression to advanced stages, namely advanced fibrosis (2F3) and cirrhosis
(F4), leads to an increased risk of liver-related mortality, all-cause mortality, and
higher incidence of major cardiovascular events (15, 16, 123). This necessitates
effective identification of liver fibrosis stages, particularly advanced ones (2F3-4), as
well as timely monitoring and appropriate interventions (124, 125). Those at risk may
experience greater benefits from intensive lifestyle interventions, enrolment into
clinical trials (8), or treatment (126).

Liver biopsy (LB) is still the gold standard for liver fibrosis assessment, but it
is hampered by its invasive nature, sampling errors, and inter and intra-observer
variability (11, 106). To address the limitations of liver biopsy, several non-invasive
tests (NITs) based on blood samples or elastography have been developed. Vibration-
controlled transient elastography (VCTE), known as FibroScan (Echosens, Paris), is the
most validated elastography method for non-invasive liver fibrosis assessment (18,
94). However, its use is constrained by high costs, limited availability in resource-poor
settings, and technical issues, such as difficulties in patients with ascites or higher
failure rates in obese individuals (125), thus raising the need for other non-invasive
diagnostic alternatives (127).

Two-dimensional shear-wave elastography (2D-SWE) is a promising and non-
invasive method for measuring liver stiffness (LS) (128). Today, most modern
ultrasound machines come with elastography modules. When validated with reliable
cut-off values, 2D-Shear Wave Elastography (2D-SWE) could be highly beneficial for
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measuring liver stiffness in patients with MASLD, both in primary care and specialized
settings. One of the key advantages of 2D-SWE is its ability to integrate liver stiffness
measurement with ultrasound-based liver structural assessment, offering a
comprehensive multiparametric evaluation. Additionally, some advanced equipment
can also assess liver steatosis and inflammation in a single session (129). While VCTE
has been extensively validated for biopsy-confirmed MASLD, further research is
required to evaluate the diagnostic performance of 2D-SWE in this patient population
(18). Despite the existence of guidelines describing its application, establishing
standardised and more widely applicable cut-off values remains essential for robust
validation and clinical implementation (19, 130). Moreover, 2D-SWE elastography
techniques of different manufacturers do obviously attain different hardware and
software, leading to a risk for widely adopted cut-off values (131), although the
diversity in LSM across different systems has diminished due to the ongoing
endeavours of the Quantitative Imaging Biomarkers Alliance (QIBA) (47).

In clinical practice, it is essential to establish efficient and cost-effective
referral pathways between primary and secondary care. This is particularly important
for identifying patients with MASLD who have significant fibrosis (F2 or higher),
advanced fibrosis (F3 or higher), or cirrhosis (F4) (132). Although pathways based on
VCTE have been identified (121), referral pathways incorporating 2D-SWE could be
promising for diagnosing, risk stratification, and managing chronic liver diseases,
particularly MASLD. In fact, almost all patients at risk for MASLD undergo a US scan
nowadays, but only a few receive LSM with VCTE. The rapidly expanding US equipment
industry, incorporating 2D-SWE assessment, allows one to speculate that most MASLD
patients in the future will receive an LSM using 2D-SWE, although not with VCTE. To
facilitate the global application and utility of 2D-SWE, reliable thresholds for fibrosis
assessment are urgently warranted and must be widely applied.

4.2. Working hypothesis/objectives

We aimed to conduct a systematic review and meta-analysis using a multi-
level random effects model to evaluate the diagnostic accuracy of 2D-SWE in patients
with biopsy-confirmed MASLD. Our goal was to identify reliable cut-off values for
different stages of liver fibrosis that would be applicable in clinical practice.

4.3. Material and methods

Registration of review protocol. A systematic review and meta-analysis of
the multi-level random effects model were conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (133-
135). The protocol was registered on OFS (https://doi.org/10.17605/0SF.I0/9WV8F).

Search strategy and selection criteria. We systematically searched
PubMed/MEDLINE, Embase, Scopus, Web of Science, LILACS, and Cochrane Library
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electronic databases for full-text articles published in any language from inception to
the 1st of February 2023 and subsequently updated the search to the 26t of February
2024,

The search was performed using the following keywords: "two-dimensional
shear wave elastography” OR "2D-SWE" OR "multiparametric ultrasound" OR "acoustic
radiation force impulse" OR "elasticity imaging techniques" AND "non-alcoholic fatty
liver disease”" OR "NAFLD" OR "non-alcoholic steatohepatitis” OR "NASH" OR "fatty
liver" OR "liver disease". The search was restricted to human studies. Table I presents
the entire search syntax.

Table I. Electronic search strategy (up to February 26, 2024)



68 Indre Mdaddlina-Gabriela

Source Electronic Search Strategy Results

("2D shear wave elastography" OR "two-dimensional shear-wave elastography" OR
"2DSWE"[TitlefAbstract] OR "2D-SWE"[Title/Abstract] OR "multiparametric ultrasound" OR
"speed of sound" OR "acoustic radiation force impulse” OR "ARFI"[Title/Abstract] OR
"Elasticity Imaging Techniques"[Mesh]) AND ("Non-alcoholic Fatty Liver Disease"[Mesh] OR
"non-alcoholic fatty liver"[All Fields] OR "non alcohalic fatty liver"[All Fields] OR "nonalcoholic | 1597
fatty liver"[All Fields] OR ("non-alcoholic"[All Fields] AND "fatty"[All Fields] AND "liver"[All | results
Fields] AND "disease"[All Fields]) OR "non-alcoholic steatohepatitis"[All Fields] OR "non
alcoholic steatohepatitis"[All Fields] OR "nonalcoholic steatohepatitis"[All Fields] OR "fatty
liver"[MeSH Terms] OR steatohepatitis[All Fields] OR ("fatty"[All Fields] AND "liver"[All Fields])
OR NASH][Title/Abstract] OR NAFLD[Title/Abstract])

PubMed/MEDLINE

('2d shear wave elastography' OR 'two-dimensional shear-wave elastography' OR 2dswe OR
'2d swe' OR 'multiparametric ultrasound/exp OR 'multiparametric ultrasound' OR 'speed of
sound/exp OR 'speed of sound' OR 'acoustic radiation force impulse/exp OR 'acoustic
radiation force impulse' OR arfi OR 'elasticity imaging techniques'/exp OR ‘elasticity imaging
techniques') AND ('non-alcoholic fatty liver disease'/exp OR 'non-alcoholic fatty liver disease'
OR 'non-alcohalic fatty liver'/exp OR 'non-alcoholic fatty liver' OR 'non alcoholic fatty liver'/exp
Embase OR 'non alcoholic fatty liver' OR 'nonalcoholic fatty liver/exp OR 'nonalcoholic fatty liver' OR
('non-alcoholic' AND 'fatty’ AND ('liver/exp OR 'liver') AND ('disease'/exp OR 'disease')) OR
'non-alcoholic  steatohepatitis/exp OR 'non-alcoholic steatohepatitis' OR 'non alcoholic
steatohepatitis'/exp OR 'non alcoholic steatohepatitis' OR ‘'nonalcoholic steatohepatitis'/exp
OR 'nonalcoholic steatohepatitis' OR 'fatty liver'/exp OR 'fatty liver' OR 'steatohepatitis’/exp OR
steatohepatitis OR (‘fatty' AND (liver/fexp OR 'liver')) OR nash OR nafld)
AND ('article/it OR ‘article in press'/it) AND 'human'/de

2193
results

ALL ( ( "2D shear wave elastography" OR "two-dimensional shear-wave elastography" OR
"2DSWE" OR "2D-SWE" OR "multiparametric ultrasound" OR "speed of sound" OR
"acoustic radiation force impulse" OR "ARFI" OR "Elasticity Imaging Techniques" ) AND (
"Non-alcoholic Fatty Liver Disease” OR "non-alcoholic fatty liver" OR "non alcoholic fatty | 3988
liver" OR "nonalcoholic fatty liver" OR ( "non-alcoholic" AND "fatty" AND "liver" AND | results
"disease" ) OR "non-alcoholic steatohepatitis" OR "non alcoholic steatohepatitis” OR
"nonalcoholic steatohepatitis" OR "fatty liver" OR steatohepatitis OR ( "fatty" AND "liver"
) OR nash OR nafld)) AND (LIMIT-TO ( DOCTYPE, "ar"))

SCOPUS

TS=(("2D shear wave elastography" OR "two-dimensional shear-wave elastography"” OR
"2DSWE" OR "2D-SWE" OR "multiparametric ultrasound" OR "speed of sound" OR "acoustic
radiation force impulse" OR "ARFI" OR "Elasticity Imaging Technigues") AND ("Non-alcoholic
Web of Science Fatty Liver Disease" OR "non-alcoholic fatty liver" OR "non alcoholic fatty liver" OR
"nonalcoholic fatty liver" OR ("non-alcoholic" AND "fatty” AND "liver" AND "disease") OR "non-
alcoholic steatohepatitis” OR "non alcoholic steatohepatitis" OR "nonalcoholic steatohepatitis”
OR "fatty liver" OR steatohepatitis OR ("fatty" AND "liver") OR NASH OR NAFLD))

379
results

tw:(("2D shear wave elastography" OR "two-dimensional shear-wave elastography" OR
"2DSWE" OR "2D-SWE" OR "multiparametric ultrasound" OR "speed of sound" OR "acoustic
radiation force impulse" OR "ARFI" OR "Elasticity Imaging Techniques") AND ("Non-alcoholic
LILACS Fatty Liver Disease" OR "non-alcoholic fatty liver" OR "non alcoholic fatty liver" OR
"nonalcoholic fatty liver" OR ("non-alccholic" AND "fatty” AND "liver" AND "disease") OR "non-
alcoholic steatohepatitis” OR "non alcohalic steatohepatitis” OR "nonalcoholic steatohepatitis”
OR "fatty liver" OR steatohepatitis OR ("fatty" AND "liver") OR NASH OR NAFLD))

161
results

("2D shear wave elastography " OR " two-dimensional shear-wave elastography " OR
"2DSWE" OR “2D-SWE" OR “multiparametric ultrasound” OR “speed of sound” OR “acoustic
COCHRANE Library radiation force impulse” OR “ARFI” OR “Elasticity Imaging Techniques” ) AND ("NAFLD" OR
"NASH" OR "non-alcoholic fatty liver disease" OR "steatohepatitis" OR “nonalcoholic fatty liver”
OR “fatty liver”)

72
results

We imposed no restrictions based on gender, race, or ethnicity in our review.
Additionally, our search strategy was not limited to publications in specific languages;
only full-text articles were included. The initial selection was conducted by two
authors based on titles and abstracts. They then independently carried out a thorough
full-text evaluation of the potentially relevant studies. Any disagreements were
resolved through discussion with a third author.

We included the studies if they met the following pre-specified criteria: i)
population - biopsy-proven NAFLD/NASH (or MASLD/MASH); ii) target condition -
liver fibrosis assessment via LB (as reference standard); iii) index test - LSM by 2D-
SWE. We considered any ultrasound (US) machine equipped with 2D-SWE software.
The exclusion criteria were as follows: i) conference abstracts, case reports or non-
original works (reviews, comments, editorials and practical guidelines); ii) studies
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with insufficient information on the diagnostic performance of 2D-SWE in different
stages of liver fibrosis (2F1, 2F2, 2F3, F4) by true positives (TP), true negatives (TN),
false positives (FP ), false negatives (FN) and which did not allow to extract sensitivity
(Se), specificity (Sp) or obtain the area under the ROC curve (AUC); iii) studies
conducted in the pediatric population (age <18 years).

Data extraction and quality assessment. Data from the studies considered
eligible to be included in the meta-analysis were independently extracted by three
authors.

The following items were extracted from each study: first author, year of
publication, country, type of ultrasound manufacturer, type of ultrasound machine,
number of participants, age, body mass index (BMI), percentage of women, presence of
diabetes, number of patients diagnosed via LB with different stages of liver fibrosis -
FO (absence of fibrosis), F21 (mild fibrosis), F22 (significant fibrosis), F=3 (advanced
fibrosis), F4 (cirrhosis), 2D-SWE unit of measurement (kPa - kilopascals, or m/sec -
meters per second), for each stage of liver fibrosis the reported cut-off values,
sensitivity (Se), specificity (Sp), area under the ROC curve (AUC) with 95% confidence
interval (CI). We additionally reported the percentage of steatosis reported on LB,
information about the histology readers and ultrasound examiners, and the number of
2D-SWE reliable and unreliable measurements when available.

In the case of multiple publications, we included the one that reported the
most comprehensive information for this meta-analysis. If needed, we contacted any
corresponding authors of the eligible studies to obtain additional information.

We assessed potential biases in the patient selection process, blinding to
histological diagnosis or the index test, description of the reference standard, and
inclusion of all patients in the analysis. Two authors independently evaluated the
methodological quality of the included studies using the QUADAS-2 (Quality
Assessment of Diagnostic Accuracy Studies) tool (136). Any disagreements were
resolved through discussion with a third author.

Data synthesis and analysis. The primary outcome of the meta-analysis was
to assess the diagnostic accuracy of 2D-SWE in detecting various stages of liver fibrosis
in patients with biopsy-confirmed MASLD, using liver biopsy as the gold standard. We
also conducted subgroup analyses based on ultrasound manufacturer, population
characteristics, and the presence of comorbidities, such as type 2 diabetes mellitus
(T2DM) and obesity.

Statistical analysis. A meta-analysis was conducted for index tests and target
conditions with more than three studies that provided sufficient information to create
classification tables. For index tests with inadequate studies for meta-analysis, a
narrative synthesis was used. When authors provided a single cut-off for a specific
liver fibrosis stage or described it as "optimal," "best," or based on the "Youden index,"
it was labeled as the "best cut-off." A cut-off defined for sensitivity (Se) =290% was
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considered a "rule-out" threshold, while a cut-off for specificity (Sp) 290% was
regarded as a "rule-in" threshold. We used a bivariate logit-normal random effects
model to estimate the mean sensitivity, specificity, respective variances, and
covariance. Summary receiver operator characteristic curves (sAUC) were generated
with 95% confidence and 95% prediction regions. The 95% confidence region is based
on the confidence interval around the summary point and indicates that, based on the
available data, we expect the 'real value' to be within that region 95% of the time. A
linear mixed-effects model was used to model the multiple threshold data of individual
studies that also reported two or more two cut-offs (18, 137, 138). The multiple
thresholds model is a multi-level random effects model that enables the calculation of
summary sensitivities and specificities of different cut-offs and the calculation of the
PPV and NPV, given the prevalence of the target condition. Sensitivity and specificity
were combined at every recommended cut-off to produce a multiple threshold sAUC.
In addition, PPV and NPV were also obtained for studies prevalence's and at pre-
defined 30% and 60%, and cut-offs required to achieve minimum acceptable criteria
were determined. To address the anticipated high heterogeneity across the eligible
studies, we conducted sensitivity analyses based on study setting (Asian vs. non-Asian
cohorts) and the presence of obesity (defined as BMI 230 kg/m? or >25 kg/m? in the
Asian cohort) (139-141), presence of T2DM, and type of ultrasound manufacturer. We
decided against using funnel plots because they are generally considered unreliable for
distinguishing between publication bias and other sources of asymmetry, such as the
use of multiple thresholds, in systematic reviews of diagnostic test accuracy studies
(142).

All the analyses were performed using the statistical software R with the mada
and diagmeta packages (Version 4.3.2; R Foundation for Statistical Computing, Vienna,
Austria) was used in all analyses.

4.4. Results

An electronic search yielded 8,390 records. After removing 2,353 duplicates,
we reviewed the titles and abstracts of the remaining 6,037 publications. We then
assessed 116 full-text articles for eligibility. Of these, 96 were excluded for various
reasons, leaving 20 studies that met the inclusion criteria for the meta-analysis. The
PRISMA Flow Diagram (Figure 1) visually represents the selection process.
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Figure 1. PRISMA Flow Diagram

Study characteristics.
The main characteristics of the included studies in the meta-analysis are
presented in Table II.
Table II. Main characteristics of the included studies (n=20)
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Measurement in k
Author, Year (Ref) Country | Population (n) [ M (n) Study design, setting | Condition | Age (years) mean+SD | Gender, F n(%) BMI (kg/m?) mean + SD T2DM n(%)

Supersonic Imagine (SSI)

prospective multicentric

Cassinotto C, 2016 France 201 5 ! b-p MASLD 56712 119 (40.9) 321 +6 153 (52.6)
cross-sectional
Lee MS, 2017 Korea ) 10 | prospective single-centre |b-p MASLD 55.5+3.87 53 (56.4) 27.13%1.12 37(39.4)
Takeuchi H, 2018 Japan 7 5 prospective single-centre |b-p MASLD 50.8+15.7 25(35.2) 29.2+5.1
Jamialahmadi T, 2019 ran % 1o |observationalsingle-centre |, ) 1y 385+111 72 (80) 45.46+6.26 25 (27.8)
bariatric surgery
Ozturk A, 2020 USA 116 10 retrospective single-centre |b-p MASLD 50.6 +£11.8 62 (53.4) 314+5.1 38(32.8)
Sharpton SR, 2021 UsA 114 3105 |Prospective cross-sectionall, 1 \ng) 1y 5471427 62 (54.4) 3154308

single-centre

retrospective single-centre
Chen G, 2022 China 100 - bariatrc surgery b-p MASLD 31.55+10.12 69 (69) 38+14.56 37(37)

Mendoza YP, 2022 Switzerland 88 3 prospective single-centre |b-p MASLD 53.2+127 33(57.5) 316+7.1 39 (44.3)

Zhou, 2022 China 116 5 retrospective single centre |b-p MASLD 46.4 +16.45 61 (52.6) - 23(19.8)

General Electric Healthcare (GE)

prospective cross-

Furlan A, 2020 USA 62 3t012 b-p MASLD 50+13 36 (58) 348+72 22 (35)
sectional single-centre
prospective cross-sectional +
Kuroda H, 2021 Japan 202 10 single-centre b-p MASLD 55.2+12.9 103 (51) 29.27 £5.67 82 (40.6)
Imajo K, 2022 Japan 201 10 | prospective single-centre |b-p MASLD 61 £14.93 95 (47.3) 27.17+4.18 127 (61.9)
Kalayarasi K, 2024 Singapore 16 5 [Plot C'OSS;?E::"&' single}, » MASLD 2924119 11(68.8) 296+3.7 11 (68.8)
Canon Medical Systems/ Toshiba
Lee DH, 2021 Korea 102 9 prospective single-centre |b-p MASLD 47 +24.82 59 (57.8) 25.6 £5.49 17 (16.7)
Jang JK, 2022 Korea 132 5 |Prospective cross-sectional|, | yiag) 1y 39.67+20.24 69 (52.3) 24.9+3.75 30 (22.7)
multicentric
Laroia ST, 2021 India 50 10 Prospective Cross- v napy 4676 +10.7 19 (38) -
sectional single-centre
Kim Jw, 2022 Korea 60 10 retrospective single-centre bbppMAMASSL'_I'D 50.9+134 32(53.3) 29.9+43 37(61.7)
Measurement in m/sec
Author, Year (Ref) Country | Population (n) | M (n) Study design, setting | Condition | Age (years) mean+SD | Gender, F n(%) BMI (kg/m?) mean+SD | T2DM n(%)

General Electric Healthcare (GE)

prospective cross-sectional

Zhang YZN, 2022 USA 100 10 b-p MASLD 51.8+129 54 (54) 316+4.7
single-centre
Ogino, 2023 Japan 107 6 | retrospective single-centre |b-p MASLD 5114 42(39.3) 29.0+43
Canon Medical Systems/ Toshiba
Sugimoto K, 2020 Japan 111 10 |Prospective cross-sectionalf, y/\g) o 53+18 54 (48.6) 27.7+43
single-centre
Abbreviations: ““not available, b-p — biopsy-proven, F — women, M — ents, MASLD - dysfunction- i steatotic liver disease, MASH - metabolic dysfunction-

associated steatohepatitis, SD - standard deviation, T2DM — type 2 diabetes mellitus

The 20 observational studies included a total of 2,223 participants with
biopsy-confirmed MASLD. The prevalence rates for the different stages of fibrosis were
as follows: mild fibrosis (F1) at 30.0% (n=666), significant fibrosis (F2) at 18.5%
(n=411), advanced fibrosis (F3) at 17.8% (n=397), and cirrhosis (F4) at 10.9%
(n=242). Additionally, 22.8% (n=507) of the patients were classified as having no
fibrosis (F0).

The mean age (+SD) of the participants ranged from 31.5 (+ 10.1) to 61 (*
14.9) years, and the percentage of females ranged from 35.2% to 80%. The mean BMI
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ranged from 24.9 (* 3.75) kg/m? to 45.46 (+ 6.26) kg/m?, with a prevalence of obesity
for both non-Asian and Asian populations. 14 (70%) studies were conducted in Asia
(56, 143-155), 4 (20%) in America (156-159), and 2 (10%) in Europe (160, 161). Two
(10%) studies were multicentric (56, 160), and 18 (90%) were single centres. Most
studies (90%, n=18) included cohorts of patients with biopsy-proven MASLD from
tertiary care liver centres, whereas 2 (10%) studies @ included patients from bariatric
surgery centres with available liver biopsy data. The studies were conducted with 50%
as a retrospective cohort and 50% as a cross-sectional design. Table III reports the
summary diagnostic performance of 2D-SWE for detecting fibrosis stages in biopsy-
proven MASLD by applying a bivariate logit-normal random effects model.

Table III. Summary diagnostic performance of 2D-SWE for the detection of different
stages of liver fibrosis in biopsy-proven MASLD by bivariate logit-normal random
effects model

Measurement in kPa

Fibrosis stage Studies n(%) | Patients (n) | Prevalence (%) | Cut-off range | SAUC [95%CI] Se [95%Cl] Sp [95%CI]
All US device together

Mild fibrosis, 2F1; FO vs. F1-F4 9 (45) 1489 782 5.85-89 0.84 [0.81-0.87] | 0.76 [0.69-0.82] | 0.80[0.69 - 0.87]
Significant fibrosis, 2F2; FO-F1 vs. F2-F4 16 (80) 936 49.1 57-119 0.84 [0.80-0.87] | 0.78 [0.70-0.84] | 0.76[0.69 - 0.82]
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4 17 (85) 556 292 6.75-13.07 0.87[0.84-0.90] | 0.81[0.73-0.86] | 0.80[0.74-0.84]
Cirrhosis, F4; FO-F3 vs. F4 12 (60) 208 10.9 6.75- 1573 0.93[0.91-0.95] | 0.90[0.84 -0.94] | 0.82[0.77 - 0.87]
SuperSonic Imagine

Significant fibrosis, 2F2; FO-F1 vs. F2-F4 9 (45) 533 49.4 6.6 - 11.57 0.81[0.77-0.84] | 0.72[0.63-0.81] | 0.77 [0.65- 0.86]
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4 9 (45) 294 272 6.75-13.07 0.85[0.82-0.88] | 0.79[0.71-0.86] | 0.77[0.69- 0.83]
Cirrhosis, F4; FO-F3 vs. F4 7(35) 105 9.7 6.75- 1573 0.93 [0.90-0.95] | 0.91[0.80-0.96] | 0.81[0.74 - 0.87]

Abbreviations: % percentage, CI confidence interval, 1 mild fibrosis, F2 significant fibrosis, F3 advanced fibrosis, F4 cirthasis, kPa kilopascals, n number, SAUC summary area under the ROC curve, Se sensitvity, Sp
specificty

Study quality assessment. The methodological quality of the eligible studies
was assessed with the QUADAS-2 tool (136), as summarised in Figure 2. Nineteen of
the 20 studies (95%) showed no risk of bias or concerns regarding applicability.
However, three studies (15%) were considered to have a "high risk" of bias in the
patient selection domain of the QUADAS-2 tool, as they did not specify whether
consecutive or random sampling was used. All studies were assessed as having a "high
risk" of bias in the index test domain, as no pre-specified threshold for 2D-SWE is
currently in use (19). The flow and timing domain of the QUADAS-2 tool was judged as
having an "unclear risk" of bias in 19 (95%) studies, as the "intention to diagnose”
(ITD) approach was specified in one study.
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Figure 2. The proportion of studies with low, high, or unclear risk of bias and concerns regarding the
applicability of the included studies (QUADAS-2)

Diagnostic performance of 2D-SWE by kPa for different stages of liver
fibrosis by multiple threshold data meta-analysis

Mild fibrosis (=F1; FQ vs. F1-F4)

The diagnostic accuracy in detecting mild fibrosis (2F1) was investigated in 9
(45%) studies that reported the results in kPa. The sAUC [95% CI], Se [95% CI], and Sp
[95% CI], when all ultrasound machines were considered together, were 0.82 [0.16-
0.98], 0.76 [0.66-0.83], and 0.76 [0.60-0.86], respectively, with an optimal cut-off for
depicting =F1 of 6.432 kPa (Table IV, Figure 3).

Table 1V. Diagnostic performance of 2D-SWE in detecting different stages of liver
fibrosis in biopsy-proven MASLD (all US devices together) by multi-level random
effects model

Measurement in kPa

All US devices together

Fibrosis stage No of studies/No of cuteoffs | Cutoff | Se[95%CI) | Sp[95%Cl) | SAUC for Se given Sp [95%CI] | sAUC for Sp given Se [35%CI) |
Mild fibrosis, =F1; FO vs. F1-F4 913 6.432 0.76 [0.66 - 0.83] | 0.76 [0.60 - 0.86] 0.82[0.16 - 0.98] 0.82 [0.14 - 0.98]
Signficant fibrosis, 2F2: FO-F1 vs. F2-Fd 16/28 | 5174 | 0.761065-084 [ 075 065-0.84] | 0.82 [0.76 - 0.88] 0.62[0.76- 0.87]
Advanced fibrosis, 2F3; FO-F2 vs, F3-F4 17129 9418 | 0.79 (067 -0.88] | 0.79 (0.71 - 0.86] 0.86 [0.77 - 0.93] 0.86[0.79 - 0.92]
Cirthosis, Fd; FO-F3 vs. F4 12120 | 11548 | 08210.66-0.81) | 0821075087 | 0.89 [0.80 - 0.95] 0.890.63 - 0.93]

Measurement in m/sec
All US devices together

Fibrosis stage No of studies/No of cut-offs | Cut-off ‘ Se [95%CI) | Sp [95%CI] SAUC for Se given Sp [95%CI] SAUC for Sp given Se [95%CI]
Significant fibrosis, =F2; FO-F1 vs. F2-F4 36 1481 | 0.76[0.42-0.93] | 0.76 [0.43 - 0.93] 0.82[0.65 - 0.94] 0.82[0.61-0.92]
Advanced fibrosis, 2F3; FO-F2 vs, F3-F4 306 1633 | 0.77[0.63-0.87] | 0.77 [0.70 - 0.83] 0.84 [0.51 - 0.95) 0.84[0.57 - 0.94]
Cirrhosis, F4; FO-F3 vs. F4 36 | 1.748 | 0.82 [0.56 - 0.94] | 0.82 [0.75 - 0.88] | 0.89[0.38 - 0.99] 0.89[0.34 -0.97]

|Abbreviations: 95% Cl. 35% confidence interval, F1 mild fibrosis, F2 significant fibrosis, F3 advanced fibrosss, F4 cirrhosis, kPa kiopascals, m'sec meters per second, No number, SAUC Summary Area Under ROC Curve, Se sensitivty, Sp.
specificity
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All US devices together

Mild fibrosis Significant fibrosis Advanced fibrosis Cirrhosis

T e

SuperSonic Imagine

Mild fibrosis Significant fibrosis Advanced fibrosis Cirrhosis
E  =2F1;FOvs. F1-F4 F  =F2; FO-F1vs. F2-F4 G 2F3;FO0-F2 vs. F3-F4 H F4; FO-F3vs. F4

o
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Figure 3. sSAUC by multi-level random effects (CICS) model for multiple thresholds data for all US device together
and SuperSonic Imagine (kPa)
Legend: 95% CI, 95% confidence interval, CICS Common random intercept and common slope, F1 mild fibrosis,
F2 significant fibrosis, F3 advanced fibrosis, F4 fibrosis, kPa kilopascals, N number, sSAUC Summary Area Under
ROC Curve, Sens sensitivity, Spec specificity, US ultrasound

Significant fibrosis (2F2; FO-F1 vs. F2-F4). The diagnostic accuracy in
detecting significant fibrosis (2F2) was investigated in 16 (80%) studies that reported
the results in kPa. The sAUC [95% CI], Se [95% CI], and Sp [95% CI], when all
ultrasound machines were considered together, were 0.82 [0.76-0.88], 0.76 [0.65-0.84]
and 0.76 [0.65-0.84], respectively, with an optimal cut-off for depicting 2F2 of 8.174
kPa (Table IV, Figure 3).

Advanced fibrosis (2F3; F0-F2 vs F3-F4). The diagnostic accuracy in
detecting advanced fibrosis (=2F3) was investigated in 17 (85%) studies that reported
the results in kPa. The sAUC [95% CI], Se [95% CI], and Sp [95% CI], when all
ultrasound machines were considered together, were 0.86 [0.77-0.93], 0.79 [0.67-0.88]
and 0.79 [0.71-0.86], respectively, with an optimal cut-off for depicting 2F3 of 9.418
kPa (Table IV, Figure 3).

Cirrhosis (F4; FO-F3 vs. F4). The diagnostic accuracy in detecting cirrhosis
(F4) was investigated in 12 (60%) studies that reported the results in kPa. The sAUC
[95% CI], Se [95% CI], and Sp [95% CI], when all ultrasound machines were
considered together, were 0.89 [0.80-0.95], 0.82 [0.66-0.91] and 0.82 [0.75-0.87],

A zF1; FO vs. F1-F4 B 2F2; F0O-F1vs. F2-F4 C__ =2F3;FO-F2vs. F3-F4 D F4; FO-F3 vs. F4
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respectively, with an optimal cut-off for depicting F4 of 11.548 kPa (Table IV, Figure
3).

Diagnostic performance of 2D-SWE by m/sec for different stages of liver
fibrosis by multiple threshold data meta-analyses

The diagnostic accuracy in detecting =F2, 2F3, and F4 was investigated in 3
(15%), 3 (15%), and 3 (15%) studies that reported the results in m/sec, respectively.
The sAUC [95% CI], Se [95% CI], and Sp [95% CI] were 0.82 [0.65-0.94], 0.76 [0.42-
0.93], and 0.76 [0.43-0.93] for 2F2; 0.84 [0.51-0.95], 0.77 [0.63-0.87], and 0.77 [0.70-
0.83] for =F3; 0.89 [0.38-0.99], 0.82 [0.56-0.94], and 0.82 [0.75-0.88] for F4,
respectively. The optimal cut-offs in detecting >F2, =F3, and F4 were 1.481, 1.633, and
1.748 m/sec, respectively (Table IV, Figure 4).

Significant fibrosis Advanced fibrosis Cirrhosis
A >F2; FO-F1vs. F2-F4 B =F3; FO-F2 vs. F3-F4 C F4; FO-F3 vs.F4

Spec: 0,82 [95; 0.88]
SAUC: 0,89 [95% CI: 0.38-0.99]

Spel 0.43.0.83]
SAUC: 0.B2 [95% CI: 0.65-0.94]

00 00
00 0z 04 08 o8

Figure 4. sSAUC by multi-level random effects (CICS) model for multiple thresholds data for all US devices
together (m/sec)
Figure 4 legend: 95% CI, 95% confidence interval, CICS Common random intercept and common slope, F2
significant fibrosis, F3 advanced fibrosis, F4 fibrosis, kPa kilopascals, N number, SAUC Summary Area Under ROC
Curve, Sens sensitivity, Spec specificity

Sensitivity analysis of the diagnostic performance of 2D-SWE (kPa) for
different stages of liver fibrosis

In Table V and Figure 4 we explored heterogeneity across studies by
performing sensitivity analyses.

Asian population. The diagnostic accuracy in detecting =F1, 2F2, >2F3, and F4
was investigated in 8 (40%), 11 (55%), 12 (60%), and 9 (45%) Asian studies that
reported the results in kPa, respectively. The sAUC [95% CI], Se [95% CI], and Sp [95%
CI] were 0.83 [0.73-0.90], 0.76 [0.62-0.86], and 0.76 [0.57-0.88] for =F1; 0.80 [0.69-
0.88], 0.74 [0.60-0.84], and 0.74 [0.63-0.83] for =F2; 0.84 [0.43-0.96], 0.78 [0.60-0.89],
and 0.78 [0.68-0.85] for =F3; 0.90 [0.78-0.97], and 0.83 [0.62-0.94], and 0.83 [0.75-
0.89] for F4, respectively. The optimal cut-offs in detecting =F1, 2F2, 2F3, and F4 were
6.953,8.561,10.182, and 12.466 kPa, respectively (Table V, Figure 5).

Population with type 2 diabetes mellitus. The diagnostic accuracy in
detecting 2F2, 2F3, and F4 for the population with type 2 diabetes mellitus was
investigated in 9 (45%), 10 (50%), and 6 (30%) studies that reported the results in
kPa, respectively. The sAUC [95% CI], Se [95% CI], and Sp [95% CI] were 0.84 [0.77-
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0.90], 0.77 [0.64-0.87], and 0.77 [0.63-0.87] for =F2; 0.88 [0.81-0.93], 0.81 [0.68-0.90],
and 0.81 [0.69-0.89] for =F3; 0.88 [0.81-0.93], 0.81 [0.67-0.90], and 0.81 [0.73-0.87]
for F4, respectively. The optimal cut-offs in detecting =F2, 2F3, and F4 were 7.961,
9.010, and 11.760 kPa, respectively (Table V, Figure 5).

Population with obesity. The diagnostic accuracy in detecting =F1, 2F2, >F3,
and F4 for the population with obesity was investigated in 7 (35%), 13 (65%), 14
(70%), and 9 (45%) studies that reported the results in kPa, respectively. The sAUC
[95% CI], Se [95% CI], and Sp [95% CI], were 0.81 [0.72-0.87], 0.74 [0.61-0.84], and
0.74 [0.56-0.87] for =F1; 0.83 [0.77-0.89], 0.77 [0.65-0.85], and 0.77 [0.65-0.85] for
>F2; 0.87 [0.80-0.92], 0.80 [0.68-0.88], and 0.80 [0.71-0.87] for =F3; 0.88 [0.79-0.94],
0.81 [0.66-0.91], and 0.81 [0.74-0.87] for F4, respectively. The optimal cut-offs in
detecting 2F1, 2F2, =F3, and F4 were 6.792, 7.945, 9.040, and 11.614 kPa, respectively
(Table V, Figure 5).

Table V. Sensitivity analysis of the diagnostic performance of 2D-SWE (kPa) for
different stages of liver fibrosis by multi-level random effects model

Measurement in kPa

Fibrosis stage No of studies/No of cut-offs | Cut-off Se [85%Cl) Sp [85%CI] SAUC for Se given Sp [95%CI) | SAUC for Sp given Se [95%CI]
Asian population
Mild fibrosis, 2F1; FO vs. F1-F4 810 6953 | 0.76[0.62-0.86] | 0.76 [0.57 - 0.88] 0.83[0.73 - 0.90] 0.83[0.70-0.91]
Significant fibrosis, =zF2; FO-F1vs. F2-F4 11118 8.561 0.74[060-0.84] 0.74[0.63 - 0.83] 0.80[0.69 - 0.88] 0.80[0.71 - 0.88]
Advanced fibrosis, F3; FO-F2 vs. F3-F4 12117 10.182 | 0.78 [0.60 - 0.89] 0.78 [0.68 - 0.85] 0.84 [0.43 - 0.96] 0.84[0.47 - 0.96]
Cirrhosis, F4, FOF3vs. F4 912 12,466 | 0.83[0.62-0.94] 0.83[0.75-0.89] 0.90[0.78 - 0.97] 0.90[0.81-0.95]
Population with T2DM
Significant fibrosis, zF2; FOF 1 vs. F2-F4 915 7.961 0.77[0.64-0.87] | 0.77 [0.63 - 0.87] 0.84 [0.77 - 0.90] 0.84 [0.76 - 0.80]
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4 10/16 [ 9.010 0.81[0.68 - 0.90] 0.81[0.69 - 0.89] 0.88 [0.81 - 0.93] 0.88[0.81-0.92]
Cirrhosis, F4, FOF3 vs. F4 6/10 11.760 | 0.81[0.67-0.80] | 0.81[0.73 - 0.87] 0.88 [0.81 - 0.93] 0.88 [0.83 - 0.81]
Population with obesity
Mild fibrosis, 2F1; FO vs. F1-F4 m 6.792 0.74[0.61-0.84] 0.74 [0.56 - 0.87] 0.81[0.72-0.87] 0.81[0.69 - 0.89]
Significant fibrosis, =2F2; FO-F1 vs. F2-F4 13/23 | 7.845 0.77 [0.65 - 0.85] 0.77 [0.65 - 0.85] 0.83[0.77-0.89] 0.83 [0.76 - 0.88]
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4 14/24 | 9.040 0.80[0.68 - 0.88] 0.80[0.71 - 0.87] 0.87 [0.80 - 0.92] 0.87 [0.81-0.91]
Cirrhosis, F4; FO-F3vs. F4 8/15 11614 | 0.81[066-0.81) 0.81[0.74 - 0.87] 088[0.79-084] 0.88 [0.82 - 0.93]
Type of uvitrasound manufacturer
SuperSonic imagine
Mild fibrosis, 2F1; FO vs. F1-F4 35 7.305 0.73[0.45-0.80] 0.73[0.41-0.81] 0.79[0.24 -0.97] 0.79[0.12-0.97]
Significant fibrosis, zF2; FO-F1vs. F2-F4 an7 8284 0.75[063-0.84] 0.75[0.63 - 0.85] 0.82[0.74 -0.88) 082[0.73-0.88]
Advanced fibrosis, 2F3; FO-F2 vs_ F3-F4 an7 10172 | 0.79[0.67 - 0.88] 0.79[0.70 - 0.86] 0.86 [0.76 - 0.93] 086 [0.76-0.92]
Cirrhosis, F4; FO-F3 vs, F4 715 | 11.848 | 0.81[0.66 - 0.90] 0.81[0.73 - 0.88] 0.88 [0.78 - 0.94] 0.88 [0.81-0.93]
Canon Medical Systems/Toshiba
Significant fibrosis, =zF2; FO-F1vs. F2-F4 | 4/6 7.226 ‘ 0.75[0.45-0.91] ‘ 0.76 [0.61 - 0.86] ‘ 0.82 [0.26 - 0.96] | 0.82[0.38 -0.96]
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4 | 416 7831 | 080[051-0.84] | 0.80[0.68-0.87) | 0.86 [0.21 - 0.98] | 0.86 [0.33 - 0.97)
General Electric Healthcare
Significant fibrosis, 2F2; FO-F1vs. F2-F4 3/5 7 204 | 0.81[056-0.94] | 0.81[0.56-0.94] 0.88[0.74 - 0.95] 0.88 [0.76 - 0.95]
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4 4/6 [ 8.060 0.84 [0.60 - 0.85] 0.84 [0.62 - 0.94] 080 [0.77 - 0.96] 090[0.81-0897)]
Abbreviations® 95% CI, 95% confidence interval, 1 mid fibrosis, F2 significant fibrosis, F3 advanced firosis, F4 cirrhosis, kPa kiopascals, m/sec meters per second, No number, sSAUC Summary Area Under ROC Curve, Se sansitivty, Sp
spacificiy, T20M type 2 diabetes mellitus




78

Indre Mdaddlina-Gabriela

Asian studies
Significant fibrosis

A =2F2; FO-F1 vs. F2-F4
1.0
0.8 -
L 08
£
]
8
04
/ N, of studies/ n. of cut-offs: 11/16
0z / Optimal cut-off: 8.561 kPa
{ Sens: 0.74 [95% CI: 0.60-0.84]
Spec: 0,74 [95% Cl: 0.63-0.83]
/ SAUC: 0.80 [95% CI; 0.69-0.88]
0.0 J
00 0z 04 06 08 10
1 - Specificity
Type 2 diabetes mellitus
Significant fibrosis
D  2F2; FO-F1 vs. F2-F4
10 1
08 4
06
z
]
b
04+
N. of studies/ n. of cut-offs: 9/15
02 Optimal cut-off: 7.961 kPa
Sens; 0.77 [95% CI: 0.64-0.87]
S$pec: 0.77 [95% CI: 0.63-0.87]
SAUC: 0,84 [95% CI: 0.77-0,90]
00 1
00 02 04 as o8 10
1 - Specificity
Obesity
Significant fibrosis
G  =2F2; FO-F1 vs. F2-F4
10 —
08
08
=
5
H
04 -
N. of studies/ n. of cut-offs: 13/23
02 Optimal cut-off: 7.945 kPa
Sens: 0.77 [95% CI: 0.65-0.85]
Spec: 0.77 [95% CI 0.65-0.85)
sALIC: 0.83 [95% CI: 0.77-0.89]
0.0
oo 0.2 na 08 08 1.0
1 - Specificity

Advanced fibrosis
2F3; FO-F2 vs. F3-F4

C

Cirrhosis
F4; FO-F3 vs. F4

Sensilivity

N. of studies/ n. of cut-offs: 12/17
Optimal cut-off: 10.182 kPa
Sens 0.78 [85% CF: 0.60-0 69
Spec: 0.78[95% CI. 0.68-0.85]
SALIC: 0.84 [95% CI: 0.43-0.96]

T T T
08 08

04

1~ Specificily

Advanced fibrosis
>F3; FO-F2 vs. F3-F4

Sensitivity

N. of studies/ n. of cut-offs: 9/12
Optimal cut-off: 12.466 kPa
S:ns 083 [GE%C\ 0.62-0. Bd]

0.83 [95% CI; 0.75-0.89]
S&UC 0.90 [95% CI: 0.78-0.97]

F

Cirrhosis
F4; FO-F3 vs. F4

Sensitviy

N.of studies/ n. of cut-offs: 10/16

Optimal cut-off: 9.010 kPa
Sens 0.81 [95% CI. 0.68-0.90]
Spec: 0.81 [85% CI: 0.69-0 sa]
SAUC: 0.88 [95% CI: 0.81-0.93]

Sensitvity

N. of studies/ n. of cut-offs: 6/10
Optimal cut-off: 11.760 kPa
Sens 0.81[95% CI 0.67-0.90]
Spec: 0.81 [95% CI: 0.73-0.87]
SAUC: 0.88[95% C1: 0.81-0.93]

H

Advanced fibrosis
2F3; FO-F2 vs. F3-F4

Sansiivity

N. of studies/ n. of cutoffs: 14724
Optimal cut-off: 9.040 kPa
Sens 0.80[95% CI: 0.68-0.83)
Spec: 0.80 [95% CI: 0.71-0.87]

SAUC: 0,87 [95% CI: 0.80-0.92]

T T T T T
08 08

1 - Specificity

Sanaitvity

04 06 as

1.- Specificiy

Cirrhosis
F4; FO-F3 vs. F4

02

oo !

N, of studies/ n, of cut-offs: 9/15
Optimal cut-off: 11.614 kPa
Sens 0.81 [95% CI; 0.65-0.91)
Spec: 081 [95% CI 0.74-0.87)
SAUC: 0,88 [95% CI: 0.78-0.94]

04 08

1~ Specitieity

Figure 5. sSAUC by multi-level random effects (CICS) model for multiple thresholds data for sensitivity analysis
for different subpopulations (kPa)
Figure 5 legend: 95% CI, 95% confidence interval, CICS Common random intercept and common slope, F2
significant fibrosis, F3 advanced fibrosis, F4 cirrhosis, kPa kilopascals, N number, SAUC Summary Area Under

ROC Curve, Sens sensitivity, Spec specificity, T2DM type 2 diabetes mellitus.

Type of ultrasound manufacturer
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SuperSonic Imagine. The diagnostic accuracy in detecting =F1, >F2, =F3, and
F4 by SuperSonic Imagine was investigated in 3 (15%), 9 (45%), 9 (45%) and 7 (35%)
studies that reported the results in kPa, respectively. The sAUC [95% CI], Se [95% CI],
and Sp [95% CI], were 0.79 [0.24-0.97], 0.73 [0.45-0.90], and 0.73 [0.41-0.91] for 2F1;
0.82 [0.74-0.88], 0.75 [0.63-0.84], and 0.75 [0.63-0.85] for 2F2; 0.86 [0.76-0.93], 0.79
[0.67-0.88], and 0.79 [0.70-0.86] for =F3; 0.88 [0.78-0.94], 0.81 [0.66-0.90], and 0.81
[0.73-0.88] for F4, respectively. The optimal cut-offs in detecting =F1, 2F2, 2F3, and F4
were 7.305, 8.284, 10.172, and 11.848 kPa, respectively (Table V, Figure 6).

Canon Medical Systems/Toshiba. The diagnostic accuracy in detecting 2F2
and 2F3 by Canon Medical Systems/Toshiba was investigated in 4 (20%) studies. The
sAUC [95% CI], Se [95% CI], and Sp [95% CI] were 0.82 [0.26-0.96], 0.75 [0.45-0.91],
0.76 [0.61-0.86] for =F2; 0.86 [0.21-0.98], 0.80 [0.51-0.94], and 0.80 [0.69-0.87] for
>F3, respectively. The optimal cut-offs in detecting 2F2 and =F3 were 7.226 and 7.831
kPa, respectively (Table V, Figure 6).

General Electric Healthcare. The diagnostic accuracy in detecting =F2 and
2F3 by General Electric Healthcare was investigated in 3 (15%) and 4 (20%) studies,
respectively. The sAUC [95% CI], Se [95% CI], and Sp [95% CI] were 0.88 [0.74-0.95],
0.81 [0.56-0.94], and 0.81 [0.56-0.94] for =F2; 0.90 [0.77 - 0.96], 0.84 [0.60 - 0.95], and
0.84 [0.62 - 0.94] for =F3, respectively. The optimal cut-offs in detecting 2F2 and >F3
were 7.204 and 8.060 kPa, respectively (Table V, Figure 6).
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Figure 6. sSAUC by multi-level random effects (CICS) model for multiple thresholds data for sensitivity
analysis for Canon Medical Systems/Toshiba and General Electric Healthcare (kPa)
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Sensitivity analysis of the diagnostic performance of 2D-SWE (kPa) in different
clinical scenarios.

We evaluated the accuracy of 2D-SWE cut-offs in two different disease
prevalences representing different clinical scenarios. These scenarios include primary
care settings (30% prevalence) and third-level hospitals (60% prevalence). We also
calculated the negative and positive predictive values for different stages of liver
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fibrosis (pre-test probability) in different subpopulations. The results of our analysis
are found in Table VI, Table VII, Table VIII, Table IX.

Table VI. Negative and positive predictive values for 2D-SWE according to the
prevalence of different stages of liver fibrosis (pre-test probability) by multi-level
random effects model

Measurement in kPa

Pre-test p robability Prevalence 30% Prevalence 60%
Scenario [ Cut-off [ nev ] PPV | NPV ] PPV
All US device together
Mild fibrosis, 2F1; FO vs. F1F4
Best cut-off 6.432 0.879 0.572 0.824 0.675
1.412 0.924 0.445 0.776 0.737
Rul a 29.306 0.813 0.690 0.555 0.886
Significant fibrosis, 2F2; FO-F1 vs. F2-F4
Best cut-off 8.174 0.878 0.570 0673 0.823
Rule-out cut 6.030 0.923 0.443 0.775 0.736
Rule-in cut-off 11.079 0.688 0.812 0.553 0.885
Advanced fibrosis, 2F3; FOF2 vs. F3-F4
Best cut-off 9.418 0.900 0.624 0.721 0.853
Rule-0ut cut-off| 6.505 0.936 0.507 0.806 0.782
Rule-in cut-off 13.634 0.848 0.728 0615 0.904
Cirrhosis, F4; FO-F3 vs. F4
Best cut-off 11.548 0915 0.663 0.753 0.873
Rule-out cut 8.632 0.942 0.562 0.824 0.818
Rule-in cut-off] 15.450 0.875 0.750 0.667 0913
SuperSonic Imagine
Mild fibrosis, 2F1; FO vs. F1F4
Best cut-off 7.305 0.862 0.533 0.640 0.800
Rule-out cut 5.209 0.912 0.408 0.746 0.707
Rule-In cut-off| 10.244 0.790 0.654 0.518 0.869
Significant fibrosis, 2F2; F0-F1 vs. F2.F4
Best cut-off 8.284 0.876 0.565 0.669 0.820
Rule-out cut- 6.337 0.922 0.438 0.771 0.732
Rule-in cut-off 10.829 0.809 0.684 0.548 0.884
Advanced fibrosis, 2F3; FOF2 vs. F3-F4
Best cut-off 10.172 0.899 0.622 0.719 0.852
Rule-out cut-off] 7.370 0.935 0.504 0.805 0.780
Rule-in cut-off 14.040 0.847 0.727 0612 0.903
Cirrhosis, F4; FO-F3 vs. F4
Best cut-off 11.848 0.909 0.648 0.741 0.866
Rule-out cut 9.005 0.940 0.541 0.818 0.805
RUule-In cut-off 15.590 0.865 0.742 0.647 0.910
Measurement in m/sec
Pre-test p robability Prevalence 30% Prevalence 60%
Scenario I Cut-off [ NPV ] PPV [ nev PPV
All US device together
Significant fibrosis, 2F2; F0-F1 vs. F2-F4
Best cut-off 1.481 0.879 0.572 0.675 0.824
Rule-out cut-off| 1.391 0.924 0.445 07786 0.737
Rule-in cut-off 1578 0.814 0.690 0.555 0.886
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4
Best cut-off 1.633 0.886 0.588 0.689 0.833
Rule-out cut-off] 1.341 0.928 0.462 0.786 0.750
Rule-in cut-off 1.988 0.824 0.703 0.572 0.892
Cirrhosis, F4; FO-F3 vs. F4
Best cut-off 1.748 0.915 0.663 0.754 0.873
Rule-out cut 1532 0.942 0.564 0.824 0.819
Rule-in cut-off| 1.995 0.876 0.750 0.668 0.913
Abbreviations - F1 mild fibrosis, F2 signficant fibrosis, F3 advanced fibrosis, F4 cirthosis, kPa kilopascals, misec meters per second, NPV negative
predictive value, PPV positive predictive value, T2DM type 2 diabetes mellitus, US ultrasound
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Table VII. Negative and positive predictive values for 2D-SWE according to the
prevalence of different stages of liver fibrosis (pre-test probability) among different
subpopulations by multi-level random effects model

Measurement in kPa

Pre-test probability

Prevalence 30%

Prevalence 60%

Scenario Cut-off NPV PPV NPV PPV
Mild fibrosis, 2F1; F0 vs. F1-F4
Asian studies Best cut-off 6.953 0.880 0.573 0.676 0.825
Rule-out cut-off 5.396 0.924 0.447 0.777 0.738
Rule-in cut-off 8.959 0.815 0.691 0.557 0.887
Obesity Best cut-off 6.792 0.870 0.551 0.656 0.811
Rule-out cut-off 5.361 0.918 0.424 0.761 0.721
Rule-in cut-off 8.605 0.801 0.671 0.534 0.877
Significant fibrosis, 2F2; F0-F1 vs. F2-F4
Asian studies Best cut-off 8.561 0.868 0.547 0.652 0.808
Rule-out cut-off 4.616 0.916 0.420 0.757 0.717
Rule-in cut-off 15.880 0.798 0.667 0.530 0.875
T2DM Best cut-off 7.961 0.888 0.594 0.694 0.836
Rule-out cut-off 6.404 0.929 0.469 0.790 0.756
Rule-in cut-off 9.895 0.828 0.707 0.579 0.894
Obesity Best cut-off 7.945 0.884 0.582 0.684 0.830
Rule-out cut-off 6.158 0.927 0.456 0.783 0.746
Rule-in cut-off 10.251 0.821 0.699 0.566 0.890
Advanced fibrosis, 2F3; FO-F2 vs. F3-F4
Asian studies Best cut-off 10.182 0.890 0.597 0.697 0.838
Rule-out cut-off 3.100 0.930 0.473 0.792 0.758
Rule-in cut-off 33.447 0.830 0.709 0.582 0.895
T2DM Best cut-off 9.010 0.910 0.649 0.742 0.866
Rule-out cutoff 7.699 0.940 0.541 0.818 0.805
Rule-in cut-off 10.545 0.865 0.743 0.647 0.910
Obesity Best cut-off 9.040 0.903 0.631 0.727 0.857
Rule-out cut-off 6.997 0.937 0.516 0.810 0.789
Rule-in cut-off 11.680 0.853 0.732 0.624 0.906
Cirrhosis, F4; FOF3 vs. F4
Asian studies Best cut-off 12.466 0.922 0.683 0.770 0.883
Rule-out cutoff 9.519 0.945 0.595 0.831 0.837
Rule-in cut-off 16.326 0.889 0.760 0.696 0.917
T2DM Best cut-off 11.760 0.910 0.649 0.742 0.866
Rule-out cut-off 9.594 0.940 0.542 0.818 0.805
Rule-in cut-off 14.416 0.866 0.743 0.648 0.910
Obesity Best cut-off 11.614 0.911 0.653 0.745 0.868
Rule-out cut-off 8.253 0.941 0.548 0.820 0.809
Rule-in cut-off 16.343 0.868 0.745 0.653 0.911

Abbreviations: F1 mild fibrosis, F2 significant fibrosis, F3 advanced fibrosis, F4 cirrhosis, kPa kilopascals, m/sec meters per second, NPV negative predictive
value, PPV positive predictive value, T2DM type 2 diabetes mellitus, US ultrasound
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Table VIII. Negative and positive predictive values for 2D-SWE according to the
prevalence of different stages of liver fibrosis (pre-test probability) among other
subpopulations by multi-level random effects model

Measurement in kPa

Pre-test probability Prevalence 30% Prevalence 60%
Scenario Cut-off NPV PPV NPV PPV
Mild fibrosis, 2F1; FO vs. F1-F4
Non-T2DM Best cut-off| 5824 0.886 0.588 0.689 0.833
Rule-out cut-off| 4.805 0.928 0.462 0.786 0.751
Rule-in cut-off| 6.843 0.824 0.703 0.572 0.892
Significant fibrosis, 2F2; F0-F1 vs. F2-F
Non-Asian studies Best cut-off| 7.401 0.895 0.610 0.709 0.846
Rule-out cut-off| 6.301 0.933 0.489 0.799 0.770
Rule-in cut-off| 8.693 0.839 0.719 0.599 0.900
Non-T2DM Best cut-off| 8.077 0.903 0.632 0.728 0.857
Rule-out cut-off| 6.793 0.937 0.518 0.810 0.790
Rule-in cut-off| 9.604 0.854 0.733 0.626 0.906
Non-Asian studies Best cut-off| 8.481 0.914 0.663 0.753 0.873
Rule-out cut-off| 7.541 0.942 0.562 0.824 0.818
Rule-in cut-off| 9.539 0.875 0.750 0.667 0.913
Non-T2DM Best cut-off| 9.315 0.821 0.681 0.768 0.882
Rule-out cut-off| 8.052 0.945 0.591 0.830 0.835
Rule-in cut-off| 10.775 0.887 0.759 0.692 0.917
Non-Asian studies Best cut-off| 10.914 0.908 0.644 0.737 0.863
Rule-out cut-off| 8.027 0.939 0.534 0.816 0.801
Rule-in cut-off| 14.840 0.862 0.740 0.641 0.909
Non-T2DM Best cut-off| 10.656 0.921 0.682 0.770 0.883
Rule-out cut-off| 8.973 0.945 0.594 0.831 0.837
Rule-in cut-off| 12.655 0.888 0.759 0.695 0.917
Abbreviations: F1 mild fibrosis, F2 significant fibresis, F3 advanced fibrosis, F4 cirrhosis, kPa kilopascals, misec meters per second, NPV negative predictive value,
PPV positive predictive value, T2DM type 2 diabetes mellitus, US ultrasound
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Table IX. Negative and positive predictive values for 2D-SWE according to the
prevalence of different stages of liver fibrosis (pre-test probability) for other types of
ultrasound machines by multi-level random effects model

Measurement in kPa
Prevalence 30%

Prevalence 60%

Pre-test probability

Scenario

Significant fibrosis, 2F2; FO-F1 vs. F2-F4

NPV

PPV

Canoni/Toshiba Best cut-off| 7.226 0.876 0.564 0.668 0.819
Rule-out cut-off| 3.191 0.921 0437 0.770 0.731

Rufe-in cut-off| 16.363 0.809 0683 0.547 0.883

GE Bestcut-off| 7.204 0.910 0.650 0.743 0.867
Rule-out cut-off| 6.665 0.940 0543 0.818 0.806

Rute-in cut-off| 7787 0.866 0.743 0.649 0.910

Advanced fibrosis, 2F3; F0-F2 vs. F3-F4

Canon/Toshiba Bestcut-off| 7.831 0.900 0622 0.719 0.852
Rule-out cut-off | 2.500 0.936 0.505 0.808 0.781

Rule-in cut-off | 24 531 0.847 0.727 0.613 0.903

GE Best cut-off| 8.060 0.922 0.684 0.771 0.883
Rule-out cut-off| 7 578 0.945 0.598 0.831 0.838

Rule-in cut-off| 8.574 0.890 0.760 0.697 0.917

Abbreviations: F2 significant fibrosis, F3 advanced fibrosis, kPa kilopascals, m/sec meters per second, NPV negative predictive value, PPV positive predictive value
T2DM type 2 diabetes melitus, US ultrasound
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4.5. Discussions

Our study utilizes a multi-threshold approach within the meta-analysis to
provide robust evidence on the applicability of 2D-SWE for identifying various stages
of liver fibrosis. Additionally, it aims to contribute to the standardization of 2D-SWE
cut-off values. This potential standardization represents a promising avenue for future
developments in the field, offering researchers a clear direction for advancing their
work.

The 2017 EFSUMB Guidelines state that 2D-SWE technology has measurement
bias depending on the software method (19). However, advancements in technology
have contributed to a reduction in variance in fibrosis staging across ultrasound
systems, mainly due to the efforts of the Quantitative Image Biomarker Alliance (QIBA)
(162, 163). Cut-off values for non-VCTE elastography methods lack robust validation
and should be approached cautiously.

The Society of Radiologists in Ultrasound (SRU) consensus statement (47) has
highlighted that the considerable liver stiffness value overlap of METAVIR scores (47),
more significant than the measurement variability between elastography devices
(164), suggests that distinct cut-off values for each company might not be necessary
(47). Nevertheless, when comparing different manufacturers, discrepancies in cut-off
values exist and tend to be more pronounced among patients above the threshold for
cACLD (164). In this context, the current guidelines and position papers advocate
method standardisation (19, 47, 48, 165-167). Until further validation is conducted,
the proposed cut-off values should be interpreted with caution (165). SRU and WFUMB
recommend the "rule of four" for ARFI techniques to diagnose cACLD (47, 48). In
MASLD, the cut-off values for cACLD may be lower, and follow-up or additional testing
is recommended for those with values between 7 and 9 kPa (47). According to the
AASLD practice guidelines on portal hypertension management, 2D-SWE values below
7-8 kPa may rule out compensated advanced chronic liver disease (cACLD). Cut-offs
ranging from 13-16 kPa are suggested for diagnosing cACLD, while values of 17-20 kPa
or higher could indicate the presence of varices and potential decompensation (165).
Compared to VCTE, 2D-SWE (mainly SSI) shows similar accuracy (19) but potentially
higher applicability, as a considerable number of ultrasound machines from almost all
manufacturers are equipped with elastography software nowadays (168).

We have provided cut-off values for pre-test probabilities, as these thresholds
can vary depending on the prevalence of the condition within the target population
(165). The prevalence of advanced fibrosis in high-risk populations for having MASLD
varies between 4-33% (166). Similarly, the prevalence of advanced fibrosis in our
population was 17.9%. In this regard, we have provided cut-off values for different
stages of liver fibrosis at pre-test probabilities of 30% and 60%, mimicking different
clinical scenarios.
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Overall Diagnostic Performance of 2D-SWE. We determined optimized cut-
off values for each stage of liver fibrosis, achieving excellent sAUC, sensitivity (Se), and
specificity (Sp). When aggregating data from all ultrasound manufacturers, 2D-SWE
demonstrated strong sensitivity and specificity across all stages of fibrosis, with
optimal cut-offs ranging from 6.432 to 11.548 kPa. Although there were minor
differences in optimal cut-off values based on ethnicity and comorbidities, these
differences were not statistically significant. In studies involving Asian populations, the
optimal cut-offs were generally higher for each stage of liver fibrosis, likely due to
population-specific factors. However, sub-analyses confirmed that these variations did
not significantly impact the cut-off values.

After optimising the cut-off values, advanced fibrosis (=F3) could be ruled-out
with high Se and NPV for all US devices together (7.4 kPa), T2DM subpopulation (7.7
kPa), the subgroup with prevalent obesity (7 kPa), non-Asian studies (7.5 kPa),
thresholds that do not vary significantly and closely align with the 8 kPa cut-off
proposed for LSM-VCTE (94). Similarly, the rule-in cut-offs for advanced fibrosis (=F3)
with high Sp and PPV by all US devices together (13.6 kPa), among the T2DM
subpopulation (10.6 kPa), the subpopulation with prevalent obesity (11.7 kPa) closely
to the 12 kPa cut-off proposed for LSM-VCTE (94).

Type of ultrasound manufacturer. The optimized cut-off values provided by
SuperSonic Imagine for diagnosing different stages of liver fibrosis were 7.3 kPa for
>F1, 8.3 kPa for 2F2, 10.2 kPa for =F3, and 11.9 kPa for F4. These values closely
resembled those obtained when analyzing all ultrasound devices collectively. In
contrast, the cut-off values from Canon Medical Systems/Toshiba were lower, at 7.3
kPa for 2F2 and 7.8 kPa for 2F3, while General Electric Healthcare provided values of
7.2 kPa for 2F2 and 8.1 kPa for 2F3, aligning with some previous comparative studies
(131). The variation in cut-off values could be explained by the fact that a considerable
proportion of the studies included in the meta-analysis (9 out of 20, 45%) reported
using SSI. Nevertheless, ultrasound machines from all manufacturers show excellent
performance in diagnosing various stages of liver fibrosis, though there are slight
variations in sensitivity and specificity. These differences may be attributed to the
technical aspects of the machines, underscoring the need for standardization in
reporting and validation across different ultrasound modules (47).

Comparison with similar published meta-analyses. Our meta-analysis
stands out from previous studies in its application of a multi-level random effects
model on biopsy-proven MASLD, a novel approach that has not been used before.
While other studies have evaluated the diagnostic performance of 2D-SWE in mixed
liver disease etiologies or small biopsy-proven MASLD cohorts, none have taken this
unique approach. Only Selvaraj et al. (18) and Herrmann et al. (169) have meta-
analysed data from four SuperSonic Imagine with comparable results regarding sAUC
values and proposed cut-off ranges.
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Strengths and limitations. Our meta-analysis boasts several significant
strengths. Firstly, by employing a multi-level random effects model, we enhanced
robustness and efficacy, offering improved performance over the traditional diagnostic
meta-analysis methods (170, 171). Secondly, we conducted a comprehensive literature
search without imposing restrictions on gender, race, ethnicity, or language of
publications. Thirdly, we determined the optimized cut-offs for fibrosis staging using
the largest cohort of biopsy-proven MASLD patients. Despite these strengths, the study
has some limitations. The variability in study designs and ultrasound manufacturers
may account for differences in results. Moreover, reliance on published data limited
our ability to control for potential confounders and to perform consistent analyses
across studies. An individual patient data (IPD) meta-analysis would have been ideal to
reduce variability bias. However, to minimize bias in our analysis, we included only
studies that used histology as the reference standard.

The methodological quality of the studies included in our meta-analysis was
not consistently optimal. Many studies did not employ the "intention to diagnose"
(ITD) method when assessing QUADAS-2, which means that selection bias related to
flow and timing could not be fully excluded. The absence of an ITD approach in these
studies reflects a relatively low quality in some of the published research on this topic.
Therefore, researchers and publishers should consider adopting the ITD method in
future studies on 2D-SWE to improve the quality and reliability of the findings.

4.6. Conclusions

This study demonstrates that 2D-SWE is a reliable tool for assessing liver
fibrosis across various stages and patient populations. However, it highlights the
importance of accounting for individual patient factors and differences in machine
performance when interpreting results, reporting examinations, and determining
optimal cut-offs.

By including over 2,000 patients with biopsy-confirmed MASLD from diverse
settings, this meta-analysis aims to support clinicians in making more informed
decisions and enhancing patient risk stratification, potentially integrating 2D-SWE into
referral pathways.

The use of a multi-level random effects model provides strong evidence of 2D-
SWE's effectiveness in identifying stages of liver fibrosis in MASLD and offers valuable
insights into standardizing cut-off values for clinical use. The study emphasizes the
need to consider patient-specific factors and variations between ultrasound machines
when interpreting liver stiffness measurements with 2D-SWE.

In conclusion, the study supports the broad applicability of 2D-SWE for liver
fibrosis assessment but underscores the necessity of considering individual patient
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factors and machine performance variations to ensure the most accurate non-invasive
evaluation for patients with metabolic fatty liver disease.

Some of the preliminary results were presented at the EASL Congress 2024,
Milan, Italy - Taru MG, Leucuta DC, Ferri S, Hashim A, Orasan O, Procopet B et all.
Diagnostic accuracy of two-dimensional shear wave elastography (2D-SWE) for non-
invasive assessment of liver fibrosis in biopsy-proven metabolic dysfunction-
associated steatotic liver disease (MASLD). Systematic-review and multi-level random
effects model meta-analysis. EASL Congress 2024. Milan, Italy. 5-8 June 2024.

The full text manuscript was submitted to journal, and it is currently under
revision.
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5. The effectiveness of non-selective 3-blockers in
preventing the first decompensation event in patients
with compensated cirrhosis enduring clinically
significant portal-hypertension (CSPH) after etiological
treatment. Diabetes mellitus as independent risk factor
for first decompensation event

5.1. Introduction

Portal hypertension (PH) plays a key role in the shift from compensated to
decompensated cirrhosis, which are two stages of liver disease characterized by
distinct symptoms and survival outcomes (172). Decompensation, according to the last
Baveno VII consensus (41), is defined by the occurrence of ascites at least grade I,
variceal bleeding and/or hepatic encephalopathy (HE) at least grade II.

When the portal pressure gradient, (indirectly measured as hepatic venous
pressure gradient - HVPG) arises to 10 mmHg and above, clinical decompensation may
develop (41). This condition is known as clinically significant portal hypertension
(CSPH), as patients who advance to decompensation face an increased risk of mortality
(172). The identification of CSPH by HVPG has been mostly validated in patients with
alcohol-related and active-viral cirrhosis (173), while concerns exist in patients with
other etiologies, such as MASLD (103, 104).

Over the past forty years, non-selective beta-blockers (NSBB) have been
fundamental in the treatment and prevention of variceal bleeding, both as a primary
and secondary measure (174, 175). Subsequent evidence broadened the target
population to all patients with cirrhosis and CSPH (176) since their use can mitigate
the development of any decompensating event (99). The landmark study by Villanueva
(99), that demonstrated the benefit of NSBB in preventing any decompensating event,
was conducted in patients with compensated cirrhosis and CSPH (defined by an
HVPG> 10 mmHg) before the era of DAA-treatment for HCV.

Concerns were then raised (177) whether: 1) NSBB benefit applies also to
patients with clinical evidence of CSPH (presence of gastroesophageal varices -GEV- of
any size and/or spontaneous portosystemic collaterals -SPSS) without HVPG
measurement, and whether 2) NSBB treatment remains beneficial in patients whose
etiological factor has been removed. In patients with cirrhosis and CSPH, HCV
treatment is able, in fact, to reduce the HVPG for up to two years post-treatment (178).
However, even in this cohort (178), up to 53-65% of patients still present CSPH after
two years from DAA treatment, remaining at risk of decompensation.



90 Indre Mdaddlina-Gabriela

5.2. Working hypothesis/objectives

Our study primarily aimed to evaluate the impact of non-selective beta-
blockers (NSBB) on the occurrence of the first decompensation event in patients with
cirrhosis who have clinical signs of persistent clinically significant portal hypertension
(CSPH) two years after initiating etiological treatment. Additionally, we sought to
identify independent risk factors that might trigger this initial decompensation event.

5.3. Material and methods

Study population. This was a monocentric observational study involving
consecutive patients with compensated cirrhosis who had no prior history of
decompensation and exhibited persistent clinical signs of clinically significant portal
hypertension (CSPH) two years after receiving etiological treatment. The patients were
assessed at the Internal Medicine Unit for the Treatment of Severe Organ Failure at
IRCCS Azienda Ospedaliero-Universitaria di Bologna, Italy, during the period from
2017 to 2020.

The diagnosis of cirrhosis was established using clinical, biochemical, imaging,
and/or histological criteria, with histological confirmation required for MASLD-related
cirrhosis. Clinical evidence of clinically significant portal hypertension (CSPH) was
defined by the presence of gastroesophageal varices (GEV) observed during upper
gastrointestinal endoscopy and/or splenomegaly with portal system collateralization
(SPSS) identified through cross-sectional imaging. Both cirrhosis and clinical signs of
CSPH had to be present at the time of inclusion in the study.

In order to minimize the potential long-term benefit of etiological treatment
on PH (178), we used the timeframe of 2017-2020 for patients enrollment since in our
center the majority of patients with HCV-related cirrhosis were treated with DAA
between 2015-2017 and therefore, by 2017-2020, patients enrolled in this study were
expected to be included after two years following etiological treatment. We
subsequently applied identical selection criteria to all patients with cirrhosis of
different etiologies.

Currently, there is no definitive etiological treatment for MASLD-related
cirrhosis. Despite this, we chose not to exclude these patients to provide a current
perspective on the benefits of non-selective beta-blockers (NSBB) in contemporary
populations. However, the effectiveness of NSBB remains a subject of debate for both
groups of patients (177).

Selection criteria For etiologies other than HCV: patients with HBV were
included only if they were on nucleos(t)ide analogues (NUC) and had achieved
undetectable HBV-DNA levels for at least two years. Patients with alcohol-related
cirrhosis had to maintain abstinence for a minimum of two years before being
included. Those with autoimmune liver disease were included after achieving stable
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remission under specific treatment for at least two years. Patients with MASLD were
required to be undergoing treatment for diabetes, hypercholesterolemia, and/or
arterial hypertension, if clinically indicated, and were included in the study two years
after the initiation of these treatments to align as closely as possible with the other
patient groups.

Exclusion criteria. age under 18 or over 80 years, cirrhosis without evidence
of gastroesophageal varices (GEV) or splenomegaly with portal system
collateralization (SPSS), complete portal vein thrombosis (PVT) or partial PVT under
anticoagulant therapy, previous transjugular intrahepatic portosystemic shunt (TIPS)
or surgical shunt, splenectomy, previous episode of hepatic decompensation, active
hepatocellular carcinoma (HCC) or HCC previously classified as beyond Milan criteria,
histological diagnosis of vascular liver disease, heart failure, hepatopulmonary
syndrome, portopulmonary hypertension, any medical condition with an expected
survival of less than six months, neurological or psychiatric disorders affecting the
assessment of hepatic encephalopathy (HE), and lack of essential information. The
inclusion date was the date of the first visit occurring between 2017 and 2020, but
only after a minimum of two years following the initiation of etiological treatment.

Patient evaluation. Data on the etiology of cirrhosis, comorbidities, and
pharmacological treatments were gathered both at enrollment and throughout follow-
up. Routine laboratory tests were performed at enrollment, and MELD, MELD-Na, and
Child-Pugh scores were calculated. Ultrasounds for hepatocellular carcinoma (HCC)
surveillance and portal vein thrombosis (PVT) assessment were conducted every six
months, or sooner if clinically necessary, as part of standard clinical practice; these
data were subsequently reviewed for the study. Abdominal CT and MRI scans were
assessed by radiologists with expertise in hepatic diseases. Porto-systemic collaterals
were defined as spontaneous connections between the spleno-mesenteric-portal axis
and the systemic venous system, excluding gastroesophageal varices (GEV), and were
classified based on the site of connection (179). Upper gastrointestinal endoscopy was
performed in all patients with cirrhosis regardless the non-invasive criteria to avoid
endoscopy (180) and GEV, when present, classified as small or medium-large with or
without red wall marks (41).

Use of non-selective f3-blockers. The initial evidence supporting the use of
non-selective beta-blockers (NSBB) to prevent decompensating events in patients with
cirrhosis and clinically significant portal hypertension (CSPH) was presented at the
International Liver Congress in 2017. Following this, our center began initiating NSBB
treatment for some patients based on clinical evidence of CSPH, even if they had only
small gastroesophageal varices (GEV) or splenomegaly with portal system
collateralization (SPSS) without GEV. The decision to prescribe NSBB was made by
clinicians, considering the patient’s clinical and hemodynamic characteristics as well as
potential contraindications. For primary prophylaxis of variceal bleeding in patients
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with medium to large GEV, NSBB were the first-line treatment, while endoscopic
variceal ligation (EVL) was used for patients who could not tolerate NSBB or had
contraindications. NSBB dosages were adjusted to the highest tolerable level, up to 120
mg/day for propranolol and 12.5 mg/day for carvedilol. Some patients received higher
doses of carvedilol due to concurrent cardiological conditions, primarily arterial
hypertension.

Outcomes and follow-up. The primary endpoint was the occurrence of first
hepatic decompensation, defined per Baveno VII criteria (41) as the development of
variceal bleeding, ascites and/or overt HE in patients on-NSBB vs those off-NSBB.
During follow-up, surveillance ultrasonography was performed every six months (or
sooner if indicated) following international guidelines, with any development of
hepatocellular carcinoma (HCC) or portal vein thrombosis (PVT) confirmed by CT
scans. Complications such as acute kidney injury (AKI), hepatorenal syndrome, and
bacterial infections were also documented. Bacterial infections were diagnosed and
managed according to both international and local guidelines. To investigate the
relationship between bacterial infections and the occurrence of the first
decompensation event, only infections that occurred prior to decompensation were
considered. Consequently, episodes of spontaneous bacterial peritonitis, which require
the presence of ascites, were excluded from this analysis.

The follow-up period concluded in June 2023. For patients who experienced
decompensation, follow-up was terminated at the point when decompensation was
first observed. Since the occurrence of portal vein thrombosis (PVT) and/or
hepatocellular carcinoma (HCC) — and their associated treatments — could
independently influence decompensation, these were treated as competing risk events.
Therefore, follow-up for these patients was censored (considered as compensated) at
the time of PVT or HCC diagnosis.

Ethical approval. The study was conducted following the principles outlined
in the Helsinki Declaration and received approval from our institutional review boards
(MITIGO study - 405/2023). Informed consent was obtained from all participants who
were still alive and under follow-up, while consent was waived for participants who
had dropped out or had passed away.

Statistical analysis. Continuous variables were assessed for homogeneity
using Levene’s test and were presented as mean #* standard deviation; comparisons
were made using the Student’s t-test. Categorical variables were expressed as
frequencies and compared using the chi-square test. The cumulative incidence of
decompensation was estimated with portal vein thrombosis (PVT) and hepatocellular
carcinoma (HCC) treated as competing events, and cumulative incidence curves were
compared using Gray’s test. Predictors of decompensation and bacterial infections
were identified through multivariable Cox regression analysis with a stepwise
backward selection method, reporting hazard ratios (HR) and 95% confidence
intervals (CI) for each predictor. Receiver operating characteristic (ROC) curve
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analysis was conducted for continuous parameters of interest. A p-value of <0.05 was
considered statistically significant. Statistical analyses were performed using IBM SPSS
(Version 27, NY, USA) and the cmprsk package in R (R Foundation for Statistical
Computing, Vienna, Austria).

5.4. Results

A total of 406 patients were included in the final analysis. Figure 1 illustrates
the flow of patients during the study.

2015 2017 2018 2020
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etiological treatment

Patients with compensated cirrhosis attended between
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Not included in the study Patients with compensated cirrhosis that underwent etiological
+ Patients with compensated treatment between
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+ Patients already under
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+
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Figure 1. Study flow and patient selection

Baseline characteristics are outlined in Table I. The mean age of the entire
cohort was 62.2 years (* 11.26), with 262 patients (64.5%) being male. The
predominant etiology of cirrhosis was viral, accounting for 59%, followed by alcohol-
related cirrhosis at 14%. Most patients were classified as Child-Pugh A (85%), with the
remaining patients classified as Child-Pugh B7. Baseline diabetes was present in 34%
of patients, all of whom were receiving specific treatment. A history of hepatocellular
carcinoma (HCC), not active at the time of inclusion, was observed in 4% of patients,
and portal vein thrombosis (PVT), which was partial and affected only intrahepatic
branches without anticoagulant therapy, was found in 3% of patients.

The majority of patients (n=299, 74%) exhibited gastroesophageal varices
(GEV), with 206 of these patients having small GEV (51% of the total cohort); none of
these had associated red wall marks. Additionally, 281 patients (69%) had
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splenomegaly with portal system collateralization (SPSS), with most of these (58%)
showing recanalization of the paraumbilical vein. Among the patients with SPSS, 107
(26%) had SPSS without accompanying GEV.

Table I. Patient characteristics at inclusion and outcomes of interest

‘ NSBB-on (n=187) ‘ NSBB-off (n=219) | p
Baseline characteristics
Gender, M 122 (65,2%) 140 (63,9%) 0,783
Age, yrs* 62,24+ 11,26 61,57 +11,29 0,770
Etiology 0,223
Alcohol related 20 (10,7%) 37 (16,9%)
HCV-SVR 86 (46,0%) 93 (42,4%)
HBV on NUC 32 (17,1%) 28 (12,8%)
MASLD 28 (15,0%) 26 (11,9%)
Miscellanea 21(11,2%) 35 (16,0%)
Arterial Hypertension 84 (44,9%) 93 (42,5%) 0,677
Diabetes 69 (36,7%) 69 (31,5%) 0,253
White blood Count (x10°/mmc)* 4842,80 + 1871,26 5191,20 + 1947,83 0,068
Hemoglobin, (g/dI)* 13,03 +1,93 12,85+ 1,85 0,348
Platelets count (x10°/mmc)* 102,32 +51,51 118,96 +56,15 0,002
AST (IU/L)* 37,31+ 16,43 39,57 £ 16,83 0,173
ALT (lu/L)* 29,66 + 15,44 31,43+15,88 0,258
Bilirubin (mg/dL) * 1,31+ 0,56 1,25+ 0,55 0,300
Albumin (g/L)* 3,824049 3,77£050 0,337
INR* 1,20+ 0,11 1,19+0,14 0,670
Creatinine (mg/dL)* 0,82+0,21 0,80+0,21 0,299
Sodium (mmol/L) * 139,42 + 2,80 138,93 +2,88 0,083
Child-Pugh score* 5,51+0,73 5,57+ 0,75 0,410
Child-Pugh score, class 0,667
Child-Pugh class A 160 (85,6%) 184 (84,0%)
Child-Pugh class B (all B7) 27 (14.4%) 35 (16,0%)
MELD* 9,77+1,89 9,60+ 1,95 0,383
MELD- Na* 10,81 +2,44 10,94 £ 2,61 0,616
Gastroesophageal Varices (GEV) <0.0001
No GEV (SPSS only) 24 (12,8%) 83 (37,9%)
Small GEV 99 (52,9%) 107 (48,9%)
Medium-Large GEV 64 (34,3%) 29 (13,2%)
HCC 7(3.7%) 9(4,1%) 0,850
PVT 7(3.7%) 5(2,3%) 0,757
Treatments
Non-selective beta-blocker NA
Propranolol 144 (77,0%) NA
Propranolol Mean dose (mg/day) 61,9 9,1 NA
Carvedilol 43 (23,0%) NA
Carvedilol Mean dose (mg/day) 12,3£4,2 NA
Endoscopic Variceal Ligation NA 29 (13,2%) NA
Statins 30 (16,0%) 32 (14,6%) 0,690
Outcomes
Decompensation-overall 30 (16,0%) 97 (44,3%) <0,0001
Decompensation-type <0,0001
Ascites 22 (11,8%) 76 (34,7%)
Bleeding 5(2,7%) 8(3,7%)
Hepatic halopath 3(1,6%) 13(5,9%)
PVT (new or worsening) 17(9,1%) 14 (6,4%) 0,314
HCC (new diagnosis) 26 (13,9%) 20(9,1%) 0,131
Bacterial Infections 25 (13,4%) 59 (26,9%) 0,001

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; HBV: hepatitis B virus; HCC:
hepatocellular carcinoma; HCV: hepatitis C virus; GEV: gastroesophageal varices; INR: International
Normalized Ratio; MASLD: metabolic dysfunction-associated steatotic liver disease; MELD: model for end stage
liver disease; NUC: nucleos(t)ide analogue; NSBB: non selective beta-blockers; PVT: portal vein thrombosis;
SPSS: spontaneous porto-systemic shunts; SVR: sustained virological response; *Data are expressed as mean *
SD, absolute frequency and percentage (%) when appropriate. Comparisons between groups were performed by
means of Student’s t test or the X? test when appropriate
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A total of 187 (46%) patients were on NSBB, the majority of them (77%) on
propranolol with a median dose of 62 mg per day. The two groups (on-NSBB and off-
NSBB) had comparable baseline characteristics (Table I) regarding etiology of liver
disease, comorbidities (both arterial hypertension and diabetes), blood tests and the
relative liver score. Patients on-NSBB had a significantly lower mean platelet count and
higher rate of GEV.

Outcomes. During a mean follow-up period of 32 + 22 months, 127 patients
(31%) experienced decompensation. Among these, 98 patients (24%) developed
ascites, accounting for 77% of all decompensating events, 13 patients (3%) had
variceal bleeding, and 16 patients (4%) experienced hepatic encephalopathy (HE). The
average time to decompensation was 27 + 20 months. No patients developed acute-on-
chronic liver failure (ACLF). Only one patient developed acute kidney injury (AKI),
which was diagnosed on the same day as ascites decompensation. During the follow-up
period, 31 patients developed portal vein thrombosis (PVT) and 46 developed
hepatocellular carcinoma (HCC) before experiencing decompensation; follow-up for
these patients was terminated on the day of PVT or HCC diagnosis, and they were
censored as compensated, with these conditions analyzed as competing risk events. No
transjugular intrahepatic portosystemic shunts (TIPS) were implanted, as follow-up
was stopped at the time of PVT diagnosis, and no patients died or underwent liver
transplantation before decompensation (or HCC diagnosis, as follow-up was stopped at
that point).

Patients on-NSBB had a significantly lower rate of decompensation (ascites,
variceal bleeding, or HE) than patients off-NSBB: 16% vs 44% respectively (HR 0,28,
95% CI 0,19-0,43; p by Gray-test <0,0001) (Table I).

Among patients with gastroesophageal varices (GEV) of any size (n=299),
decompensation rates were 28 out of 163 (17%) for those on non-selective beta-
blockers (NSBB) versus 61 out of 136 (45%) for those not on NSBB (HR 0.30, 95% CI
0.19-0.48; p < 0.0001 by Gray's test). For patients with small GEV (n=206),
decompensation rates were 17 out of 99 (17%) for those on NSBB versus 46 out of 107
(43%) for those not on NSBB (HR 0.31, 95% CI 0.18-0.55; p < 0.0001 by Gray's test). In
patients with medium-large GEV (n=93), decompensation rates were 11 out of 64
(17%) for those on NSBB compared to 15 out of 29 (52%) for those undergoing
endoscopic variceal ligation (EVL) (HR 0.26, 95% CI 0.12-0.58; p < 0.0001 by Gray's
test). Among patients with splenomegaly with portal system collateralization (SPSS)
only (n=107), decompensation occurred in 2 out of 24 (8%) for those on NSBB versus
36 out of 83 (43%) for those not on NSBB (HR 0.15, 95% CI 0.05-0.64; p = 0.002 by
Gray's test).

Decompensation according to etiology of cirrhosis. Patients with viral-
treated etiology experienced lower rate of decompensation than patients with alcohol-
or MASLD-related etiology (HCV-SVR accounted for the 21% of the decompensation
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rate, HBV on NUC 26%, Alcohol 44%, MASLD 46%; p<0.0001). Despite different rates
of decompensation among groups, the benefit of NSBB in lowering first
decompensation was significant in each different etiology, including patients with
HCV-SVR cirrhosis (n=179) (HR 0,24, 95% CI 0,11-0,52; p by Gray-test <0,0001) and
those with MASLD-related cirrhosis (n=54) (HR 0,30, 95% CI 0,13-0,71; p by Gray-test
=0,004) (Figure 2).
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Figure 2. NSBB benefit in patients with compensated MASLD-cirrhosis and clinical signs of CSPH
Figure 2 legend: NSBB - non-selective beta-blockers, PVT - portal vein thrombosis, HCC - hepatocellular
carcinoma

Predictors of first decompensation. Patients who decompensated had lower
levels of hemoglobin and platelets count and higher Child-Pugh, MELD and MELD-Na
score (Table 2). The rate of patients with diabetes was significantly higher in patients
who decompensated (45% vs 30%; p=0,014) (Table II, Table III).
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Table II. Cox regression analysis on predictors of first decompensation

No decompensation during Decompensation during p
follow-up (n=279) follow-up (n=127)
Gender, M 184 (65,9 %) 78 (71,4%) 0,376
Age, yrs* 61,15+ 11,41 62,02 + 10,97 0,476
Etiology <0,0001
Alcohol 32 (11,5%) 25(19,7%)
HCV-SVR 141 (50,5%) 38(29,9%)
HBV on NUC 43 (15,4%) 17 (13,4%)
MASLD 29 (10,4%) 25(19,7%)
Miscellanea 34(12,2%) 22 (17,3%)
Arterial Hypertension 115 (41,2%) 62 (48,8%) 0,141
Diabetes 84 (30,1%) 54 (45,2%) 0,014
White blood Count (x10%/mmc)* 5034,31 + 1860,26 5022,80 + 2048,21 0,955
Hemoglobin, (g/dl)* 13,24 +1,82 12,25 +1,88 <0,0001
Platelets count (x10°/mmc)* 115,34 +55,91 102,41 +50,82 <0,0001
AST (IU/L)* 35,39 +15,56 45,43 +16,99 <0,0001
ALT (1U/L)* 28,49 +15,31 35,28 +15,54 <0,0001
Bilirubin (mg/dL) * 1,21 £0,55 1,41 +0,53 0,001
Albumin (g/L)* 3,92 +0,46 3,51 +0,46 <0,0001
INR* 1,18+0,13 1,23 40,11 <0,0001
Creatinine (mg/dL)* 0,81+£0,20 0,82 £0,25 0,843
Sodium (mmol/L) * 139,45 +2,72 138,52 +3,02 0,002
Child-Pugh score* 5,41 40,67 5,85 40,81 <0,0001
Child-Pugh score, class <0,0001
Child class A 251 (90,0%) 93(73,2%)
Child class B (all B7) 28 (10,0%) 34 (26,8%)
MELD* 9,38 +1,93 10,35 +1,75 <0,0001
MELD- Na* 10,42 +2,46 11,91 +2,41 <0,0001
Gastroesophageal Varices - any size 210 (75,3%) 89 (70,1%) 0,271
Gastroesophageal Varices 0,492
No Varices (SPSS only) 69 (24,7%) 38 (29,9%)
Small varices 143 (51,3%) 63 (49,6%)
Medium-Large varices 67 (24,0%) 26 (20,5%)
HCC at baseline 8 (2,9%) 8 (6,3%) 0,099
PVT at baseline 7 (2,5%) 5(3,9%) 0,431
Non-selective beta-blocker 157 (56,2%) 30 (23,6%) <0,0001
Statins 47 (16,8%) 15 (11,8%) 0,191
Bacterial Infections 28 (10,0%) 56 (44,1%) <0,0001

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; HBV: hepatitis B virus;
HCC: hepatocellular carcinoma; HCV: hepatitis C virus; GEV: gastroesophageal varices; INR: International
Normalized Ratio; MASLD: metabolic dysfunction-associated steatotic liver disease; MELD: model for end stage
liver disease; NUC: nucleos(t)ide analogue; NSBB: non selective beta-blockers; PVT: portal vein thrombosis;
SPSS: spontaneous porto-systemic shunts; SVR: sustained virological response; *Data are expressed as mean #*
SD, absolute frequency and percentage (%) when appropriate. Comparisons between groups were performed by
means of Student’s t test or the X2 test when appropriate
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At univariate analysis (Table III) treated viral etiology and NSBB use were
protective factors for first decompensation.

Table I11. Cox regression analysis on predictors of first decompensation

Univariate Multivariate
HR (95% Cl) p HR (95% Cl) p
Etiology- Viral 0,511 (0,360 — 0,726) <0,0001 0,974 (0,660 — 1,438) 0,895
Diabetes 1,619 (1,138 - 2,302) 0,007 1,587 (1,071 - 2,352) 0,021
Hemoglobin 0,771 (0,705 - 0,834) <0,0001 0,850 (0,770 - 0,939) 0,001
Platelets count 0,996 (0,993 - 1,000) 0,037 0,996 (0,992 —1,000) 0,031
AST 1,027 (1,018 - 1,036) <0,0001 0,997 (0,983 — 1,011) 0,635
ALT 1,023 (1,013 - 1,033) <0,0001 1,019 (1,004 —1,034) 0,014
Child-Pugh score 1,964 (1,594 - 2,418) <0,0001 1,774 (1,114 - 2,825) 0,016
Child-Pugh B (vs A) 2,735 (1,841- 4,062) <0,0001 0,584 (0,270 — 1,263) 0,172
MELD 1,261 (1,150~ 1,383) <0,0001 0,947 (0,806 - 1,112) 0,506
MELD- Na 1,258 (1,174-1,347) <0,0001 1,121 (1,004 - 1,252) 0,043
Non-selective beta-blocker 0,282 (0,187 - 0,426) <0,0001 0,320 (0,208 —0,492) <0,0001
Infections during Follow-up 3,595 (2,520 - 5,128) <0,0001 2,432 (1,652 - 3,581) <0,0001

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; CI: confidence interval; HR:
hazard ratio; MELD: model for end stage liver disease.

Multivariable Cox regression analysis (Table III) showed that diabetes, ALT,
Child-Pugh score, MELD-Na and bacterial infections were independent predictors of
decompensation, while higher hemoglobin levels, higher platelets count, and NSBB-use
were independent protective factors. The ROC analysis identified 12,5 g/dl as the best
discriminating cut-off for Hemoglobin in predicting first decompensation.

Bacterial infections. During follow-up, 84 patients (21%) experienced a total
of 101 episodes of bacterial infections. The most common types of infections were
spontaneous bacteremia (24%), urinary tract infections (18%), and pneumonia (16%).
Patients on non-selective beta-blockers (NSBB) had a significantly lower rate of
bacterial infections compared to those not on NSBB (13% vs 27%, p = 0.001) (Table I).
Multivariable Cox regression analysis (Table IV) identified that only hemoglobin
levels, Child-Pugh score, and NSBB use were independently associated with the
development of bacterial infections.
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Table IV. Cox regression analysis on predictors of first decompensation

Univariate Multivariate
HR (95% Cl) p HR (95% CI) p

Etiology- Viral 0,579 (0,3677 — 0,889) 0,013 0,955 (0,602 — 1,513) 0,344
Diabetes 1,181 (0,748 - 1,863) 0,475

Gastroesophageal Varices 0,647 (0,409 — 1,023) 0,067

Hemoglobin 0,839 (0,751 - 0,938) 0,002 0,868 (0,767 — 0,983) 0,026
Platelets count 1 (0,995 —1,004) 0,829

Child-Pugh score 2,245 (1,741 - 2,896) <0,0001 2,100 (1,490 — 2,960) <0,0001
MELD 1,261 (1,127 1,410) <0,0001 1,022 (0,887 — 1,178) 0,760
Non-selective beta-blocker 0,347 (0,217 - 0,556) <0,0001 0,363 (0,225 - 0,586) <0,0001

Abbreviations: CI: confidence interval; HR: hazard ratio; MELD: model for end stage liver disease.

Patients who decompensated had a significant higher rate of bacterial
infections than those that remained compensated (44% vs 10%, p<0,0001) (Table II).
The competing risk factor analysis investigating the relationship between bacterial
infections, NSBB use, and the first decompensation event revealed that patients not on
NSBB, who had at least one episode of bacterial infection, presented a significantly
higher rate of decompensation (73%). In contrast, patients on NSBB who did not
experience bacterial infections had a much lower decompensation rate of 10% (HR
2.08,95% CI 1.73-2.49; p < 0.0001 by Gray's test).

Relationship between Liver Stiffness Measurement, NSBB-use and rate of
decompensation.

Among 406 patients included, 91 (22,4% of the population) had their liver
stiffness measurement (LSM) performed in the 12 months before the enrollment in the
study. Fifty-three patients had LSM = 25 kPa (17 with medium-large GEV, 25 with
small GEV, 11 presenting with SPSS only), 28 (53%) of them were started on NSBB.
During follow-up, 15 (28%) patients decompensated: 4/28 (14%) in the on-NSBB
group and 11/25 (44%) in the off-NSBB group (p=0,01).

5.5. Discussions

Our study demonstrates that non-selective beta-blockers (NSBB) are effective
in preventing the onset of the first decompensation event in a real-world population of
patients with cirrhosis and clinically significant portal hypertension (CSPH) who have
undergone treatment for their underlying etiological factors. Recent findings have
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already shown that NSBB can prevent first hepatic decompensation (99, 174), but the
landmark study (99), was conducted before the availability of DAA treatment for HCV.
Moreover, the HVPG (by which patients in the PREDESCI trial were selected) is not
universally available. Similar accessibility challenges stand in some peripheral centers
for non-invasive surrogate tools of PH like transient elastography.

We therefore investigated the role of non-selective beta-blockers (NSBB) in
preventing the first decompensation event specifically in patients with compensated
cirrhosis who exhibited persistent clinical features of clinically significant portal
hypertension (CSPH) following etiological treatment.

Main finding. We gathered data from a large monocentric cohort of patients
with compensated cirrhosis, which included comprehensive baseline characteristics
and outcomes, and our sample size exceeded that of previous trials on non-selective
beta-blockers (NSBB). After a mean follow-up period of nearly three years, patients on
non-selective beta-blockers (NSBB), despite showing more pronounced signs of portal
hypertension (PH), had a significantly lower rate of first hepatic decompensation.
Similarly to the PREDESCI trial (99), the main decompensating event was ascites with
an incidence of 24% in our cohort, higher than the one reported in the PREDESCI trial.
This confirms, in a cohort of patients with treated or with metabolic etiology, the
benefit of NSBB in reducing the onset of all decompensating event including ascites (9).
When stratified by clinical signs of portal hypertension (PH), the benefit of non-
selective beta-blockers (NSBB) remained consistent across all subgroups, including
those without gastroesophageal varices (GEV). We believe these findings are
particularly noteworthy as they provide the first evidence of a potential benefit of non-
selective beta-blockers (NSBB) in patients with splenomegaly with portal system
collateralization (SPSS) even in the absence of gastroesophageal varices (GEV).

The benefit of non-selective beta-blockers (NSBB) in preventing the first
decompensation event was significant across all cirrhosis etiologies. We confirmed
that patients with HCV who achieved sustained virologic response (SVR) or those with
HBV managed with nucleos(t)ide analogues (NUC) experienced a significantly lower
rate of decompensation compared to patients with alcohol-related or MASLD-related
cirrhosis. However, those patients in whom CSPH persists after etiological treatment
remain at risk of decompensation (although lower) with still significant benefit from
NSBB.

In addition to the established predictors of decompensation, our study
identified that non-selective beta-blocker (NSBB) use was independently associated
with a reduced risk of first decompensation. Conversely, bacterial infections, diabetes,
and low hemoglobin levels were found to be associated with an increased risk of
decompensation. Bacterial infections were found to be the strongest trigger of first
decompensation, confirming the results by Villanueva et al (181). We further explored
whether this impact can be mitigated by the NSBB use. NSBB were previously shown to
reduce the incidence of bacterial infections-related hospital admission in patients with
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decompensated cirrhosis (182) and of SBP in patients with ascites (183), but were not
associated with a lower risk of bacterial infections in compensated cirrhosis (181). In
our cohort, likely due to a larger sample size compared to the Villanueva cohort,
patients on non-selective beta-blockers (NSBB) experienced a lower rate of bacterial
infections

Interestingly, diabetes emerged as an independent risk factor for
decompensation, regardless of the etiology of cirrhosis. O'Beirne and colleagues (184)
recently demonstrated that diabetes leads to a progression of liver disease up to
decompensated cirrhosis in patients with MASLD. We found that the negative impact
of diabetes applies to patients of any etiology of cirrhosis. Patients with diabetes had
worse outcomes independently from NSBB use, and this confirms (in a larger cohort),
recent findings (119) that diabetes impairs the hemodynamic response of NSBB,
triggering decompensation.

Surprisingly, hemoglobin levels were identified as an independent predictor of
decompensation. Low hemoglobin levels have previously been reported as predictors
of poorer outcomes in patients with cirrhosis (185, 186). We found a significant impact
of low hemoglobin levels in patients with strictly compensated cirrhosis, where a cut-
off of 12,5 g/dl discriminates patients more prone to decompensate. Given the
independency from platelets count, the impact of low hemoglobin levels on
decompensation might not just be explained with hypersplenism, but probably by a
broader impact of PH on hemoglobin combining spleen destructions, portal
hypertensive gastropathy, lower absorption of iron and vitamins, increasing, in turn,
cardiac output and triggering decompensation. Given the observational nature of our
study, we can only speculate on the mechanisms through which hemoglobin levels
affect outcomes. However, to our knowledge, this is the first evidence showing that
relatively low hemoglobin levels can negatively impact outcomes even in patients with
strictly compensated cirrhosis.

Strengths and limits of our study. We confirmed the benefit of non-selective
beta-blockers (NSBB) in a large monocentric cohort of patients with compensated
cirrhosis, incorporating predictors and triggers for the first decompensation. Due to
our selection criteria, these findings are applicable to centers that do not have access
to hepatic venous pressure gradient (HVPG) measurements or liver stiffness
measurements (LSM).

Limitations of our study stem from its observational nature. For instance,
some key data, such as body mass index (BMI), were not consistently collected, which
limited our ability to explore the impact of obesity on decompensation. Additionally,
data on nutritional status were not available for all patients, which hindered a
thorough understanding of the role of hemoglobin levels. Although the proportion of
patients with alcohol-related cirrhosis was low, we could not adequately assess alcohol
consumption for some patients. Alcohol abstinence was monitored at each visit, and
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laboratory tests were checked for consistency, but the data were largely self-reported
and lacked uniform collection of quantitative biomarkers. Finally, as our study was
based on clinical practice, there was no placebo group for comparison. In patients with
medium-large GEV, the NSBB group was compared to those receiving endoscopic
variceal ligation (EVL), which, while effective in reducing the incidence of first variceal
bleeding, did not impact other decompensation events.

5.6. Conclusions

Our findings have significant clinical implications. We confirmed the benefit of
non-selective beta-blockers (NSBB) in preventing all types of decompensating events
within a large, population-based cohort of patients with cirrhosis, including MASLD-
related cirrhosis, and persistent clinically significant portal hypertension (CSPH) after
etiological treatment.

We also explored the interaction between NSBB and decompensation triggers
such as bacterial infections, revealing an interconnection that suggests the benefits of
NSBB might extend beyond their hemodynamic effects on portal hypertension.

Additionally, we identified new predictors of decompensation, which could
inform future prospective studies on the impact of overall nutritional status on the
occurrence of first decompensation events.

Some of the preliminary results from this study were presented at the AISF
Congress 2023, Rome, Italy - Turco L, Taru MG, Vitale G, Cappa FM, Berardi S, Baldan
A, Di Donato R, Pianta P, Vero V, Vizioli L, Morelli MC. Non-selective beta-blockers
lower the risk of first decompensation in patients with cirrhosis and enduring clinically
significant portal hypertension after etiological treatment. Digestive and Liver Disease.
2024 Feb 1;56:S2. Rome, Italy. 14-15 March 2024.

Subsequently, the results were published in full text - Turco L*, Taru MG*, Vitale
G, Stefanescu H, Mirici Cappa F, Berardi S, Baldan A, Di Donato R, Pianta P, Vero V,
Vizioli L, Procopciuc LM, Procopet B, Morelli MC, Piscaglia F. B-blockers lower first
decompensation in patients with cirrhosis and enduring portal hypertension after
etiological treatment. Clin Gastroenterol Hepatol. 2024 Aug 27:S1542-3565(24)00780-
8. doi: 10.1016/j.cgh.2024.08.012. Epub ahead of print. PMID: 39209198 (ISI IF 11.6,
Q1) *Observation: Turco L (Internal Medicine Unit for the Treatment of Severe Organ
Failure, IRCCS Azienda Ospedaliero-Universitaria di, Bologna, Italy, and Taru MG
(Faculty of Medicine, "luliu Hatieganu" University of Medicine and Pharmacy, Cluj-
Napoca, Romania) share first autorship
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6. General Discussions

The validation of non-invasive scoring systems such as Agile 3+, Agile 4, and
the FAST score, within Study 1 (187), marks a significant advancement in the
management of patients with metabolic dysfunction-associated steatotic liver disease
(MASLD). In our study encompassing 246 biopsy-confirmed NAFLD patients meeting
MASLD criteria, we rigorously assessed these scores' efficacy in distinguishing
advanced fibrosis, cirrhosis, and fibrotic MASH. The findings affirm the utility of these
scores, aligning with previous research (116), and offering promising avenues for
clinical application. Developed specifically for individuals with MASLD (63), Agile 3+
and Agile 4 scores serve multifaceted purposes. They not only identify advanced
fibrosis and cirrhosis with commendable accuracy but also optimize positive
predictive values, reducing the indeterminate "grey zone" (63). Our assessment
revealed that the AUROC for Agile 3+ in detecting advanced fibrosis (=F3) was
excellent, albeit slightly lower than LSM-VCTE alone. However, Agile 3+ significantly
curtailed the number of patients with indeterminate results, enhancing diagnostic
accuracy. Similarly, Agile 4 demonstrated exceptional performance in discriminating
cirrhosis (F4), with an AUROC marginally superior to LSM-VCTE. The application of a
dual cut-off approach resulted in only 11.4% of patients remaining in the grey zone,
underscoring the score's efficacy. Notably, both Agile scores outperformed the FIB-4
index, reinforcing their superiority. Nevertheless, we acknowledge the limitations of
our study, that are primarily inherent in its retrospective nature.

By applying a multi-threshold approach within the meta-analysis (137, 138,
171) from Study 2 (188), we provided robust evidence on the applicability of two-
dimensional shear wave elastography (2D-SWE) for identifying various stages of liver
fibrosis in biopsy-proven MASLD. This methodology is significant in advancing the
understanding of 2D-SWE's diagnostic capabilities and its potential for contributing to
the standardization of cut-off values, a crucial step towards improving the consistency
and reliability of liver fibrosis assessment in different clinical settings. The
standardization of cut-off values could pave the way for broader consensus in clinical
practice. According to the 2017 EFSUMB Guidelines (19), 2D-SWE technology has
measurement biases that vary depending on the software method used. However,
technological advancements, particularly efforts led by the Quantitative Image
Biomarker Alliance (QIBA) (47), have contributed to a reduction in this variance,
thereby improving the reliability of fibrosis staging across different ultrasound
systems. Nevertheless, the cut-off values for non-VCTE (vibration-controlled transient
elastography) elastography methods, such as 2D-SWE, still lack robust validation and
should be interpreted cautiously in clinical practice. In this respect, our analysis also
considered the impact of various patient demographics and clinical conditions on the
diagnostic performance of 2D-SWE. Notably, our study determined optimized cut-off
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values for different stages of liver fibrosis, achieving excellent sensitivity and
specificity across all stages, with slight variations based on ethnicity, comorbidities and
type of ultrasound machine. When analyzing the performance of 2D-SWE across
different ultrasound manufacturers, we observed minor differences in the optimized
cut-off values for fibrosis staging. For instance, SuperSonic Imagine's values closely
aligned with the collective data from all ultrasound devices, whereas Canon Medical
Systems/Toshiba and General Electric Healthcare reported slightly lower values. These
variations underscore the importance of standardizing reporting and validation across
different ultrasound modules to ensure consistent diagnostic outcomes. Our study
distinguishes itself from previous meta-analyses (18, 169) through the application of a
multi-level random effects model. Despite these strengths, we acknowledge certain
limitations, such as variability in study designs and the reliance on published data only,
which may have introduced some degree of bias. Future research should consider
individual patient data meta-analyses to further refine these findings. Additionally,
adopting the "intention to diagnose" method in future studies could improve the
methodological quality and reliability of research in this field of non-invasive testing.

Study 3 (189) underscored the efficacy of non-selective beta-blockers (NSBB)
in preventing the first decompensation event in a real-world cohort of patients with
compensated cirrhosis and clinically significant portal hypertension (CSPH), who have
already received treatment for their underlying etiologies, including MASLD-related
cirrhosis. These findings align with previous research, which suggested the potential
benefits of NSBB in this context. However, our study extended this knowledge by
demonstrating that NSBB are beneficial across various etiologies of compensated
cirrhosis with treated etiology, including MASLD-related cirrhosis and across different
subgroups, such as patients with small GEV and SPSS only. We found that patients with
persistent CSPH, despite etiological treatment, continue to benefit from NSBB, showing
a lower rate of first hepatic decompensation, particularly in the prevention of ascites.
Furthermore, our study highlighted the significance of certain risk factors in
precipitating decompensation events. In particular, type 2 diabetes mellitus and low
hemoglobin levels were identified as independent predictors of poor outcomes,
underscoring the need for careful monitoring and management of these conditions in
cirrhotic patients.
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7.General Conclussions

In conclusion, Study 1 provides a comprehensive evaluation of several non-
invasive diagnostic tests (NITs) in the context of metabolic dysfunction-associated
fatty liver disease (MASLD). The validation of Agile 3+, Agile 4, and FAST scores in
distinguishing various stages of liver fibrosis in Caucasian patients with biopsy-
confirmed MASLD highlights their potential utility in clinical practice, particularly in
enhancing diagnostic accuracy and reducing indeterminate results. Additionally, Study
2 supports the broad applicability of two-dimensional shear wave elastography (2D-
SWE) for assessing different stages of liver fibrosis in biopsy-proven MASLD,
emphasizing the need for careful consideration of individual patient factors and
machine performance variations to ensure accurate evaluations. The findings
presented in Study 3 underscore the clinical significance of non-selective beta-blockers
(NSBB) in preventing decompensating events in patients with compensated cirrhosis,
including those with MASLD-related cirrhosis and persistent clinically significant
portal hypertension (CSPH). Study 3 also underscores the significance of factors
included in the new definition of MASLD, such as type 2 diabetes mellitus, and their
impact on disease progression and the risk of decompensation, regardless etiology.
The interaction between NSBB and decompensation triggers, such as the presence of
T2DM, or bacterial infections, suggest potential benefits that extend beyond their
primary hemodynamic effects.

These conclusions collectively enhance our understanding of MASLD and its
management, paving the way for improved patient outcomes through more informed
clinical decision-making.
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8. The originality and innovative contributions of
the thesis

All the studies were conducted for the first time in Romania and represent some of the
few studies conducted worldwide in this field.

The thesis has multiple original aspects, of which we highlight the following:

¢ Conducting the first study in the world that validated the utility of Agile 3+, Agile
4, and FAST scores in identifying different stages of liver fibrosis in biopsy-
proven MASLD patients, primarily of Caucasian origin. It is important to
highlight that previous studies were conducted on different populations,
emphasizing the originality and significance of this research.
o We validated the previously proposed cut-off values in the Caucasian
population:

Using the cut-off of 0.451, Agile 3+ presented a Se = 90.41%,
Sp =79.77%, PPV = 65.35%, NPV = 95.17% and Acc = 82.93%
for ruling out advanced fibrosis

Using the cut-off of 0.679, Agile 3+ presented a Se=76.71%,
Sp=91.91%, PPV=80%, NPV=90.34% and Acc=87.40% for
ruling-in advanced fibrosis

Using the cut-off of 0.251, Agile 4 presented a Se=96.55%,
Sp=84.79%, PPV=45.90%, NPV=99.46%, and Acc=86.18% in
ruling-out cirrhosis

Using the cut-off of 0.565, Agile 4 presented a Se=72.41%,
Sp=94.47%, PPV=63.64%, NPV=96.24%, and Acc=91.87% in
ruling-in cirrhosis

o We set specific cut-off values for the Caucasian population:

Using the cut-off of 0.480, Agile 3+ presented a Se=90.41%,
Sp=82.66%, PPV=68.75%, NPV=95.33%, and Acc=84.96% for
ruling out advanced fibrosis

Using the cut-off of 0.680, Agile 3+ presented a Se=76.71%,
Sp=92.49%, PPV=81.17%, NPV=90.40%, and Acc=87.81% for
ruling-in advanced fibrosis

Using the cut-off of 0.380, Agile 4 presented a Se=93.10%,
Sp=90.78%, PPV=57.44%, NPV=98.99%, and Acc=91.05% for
ruling-out cirrhosis
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Using the cut-off of 0.520, Agile 4 presented a Se=75.86%,
Sp=94.01%, PPV=62.86%, NPV=96.68%, and Acc=91.87% in
ruling-in cirrhosis

o Agile 3+ and Agile 4 scores significantly reduced the number of
patients remained in the so-called “grey zone” (indeterminate
results), wile exhibiting excellent diagnostic accuracy

By using Agile 3+ standard cut-offs for advanced fibrosis,
0.451 and 0.679 and LSM-VCTE standard cut-offs of 8 kPa
and 12 kPa, the proportion of patients that were left
unclassified were 12.6% versus 21.9%

By using Agile 4 standard cut-ffs for cirrhosis, namely 0.251
and 0.565, and the LSM-VCTE cut-offs of 8 kPa and 20 kPa,
then 10 kPa and 20 kPa, the proportion of patients that were
left unclassified were 11.4%, versus 39.4% and 26.8%,
respectively

o The FAST score exhibited an acceptable performance for depicting
fibrotic MASH in the Caucasian population. It outperformed simple
scores such as FIB-4 and APRI, but was not significantly superior than
LSM-VCTE alone

e Performing the first multi-level random effects model meta-analysis of 2D-SWE

for assessing liver fibrosis in biopsy-proven MASLD, demonstrating excellent
diagnostic accuracy based on evidence from the largest cohort of biopsy-
proven MASLD patients (2,223 subjects). This study was crucial in establishing
cut-off values, as prior to this analysis, the performance of 2D-SWE in MASLD
was not standardized. This study will enhance the role of 2D-SWE in assessing
liver fibrosis, and our proposed cut-off values may be included in future
practice guidelines.
o  When all ultrasound devices were considered together:

The optimal cut-off for depicting mild fibrosis was 6.432 kPa
The optimal cut-off for depicting significant fibrosis was
8.174 kPa

The optimal cut-off for depicting advanced fibrosis was 9.418
kPa

The optimal cut-off for depicting cirrhosis was 11.548 kPa

o  When SSI ultrasound devices were considered:

The optimal cut-off for depicting mild fibrosis was 7.305 kPa
The optimal cut-off for depicting significant fibrosis was
8.284 kPa

The optimal cut-off for depicting advanced fibrosis was
10.172 kPa

The optimal cut-off for depicting cirrhosis was 11.848 kPa
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e Obtaining, for the first time, results that demonstrated the potential for cut-off
standardization of 2D-SWE, offering promising directions for future
advancements in the field. However, it is essential to consider individual
patient factors and variations in machine performance when interpreting
these results.

e We evaluated the accuracy of 2D-SWE cut-off values in different disease
prevalences of different clinical scenarios and we calculated the NPV and PPV
for different stages of liver fibrosis (pre-test probability) in different
subpopulations

o When all ultrasound devices were considered together, at a pre-test
probability of 30%, the cut-off of 6.030 kPa presented a NPV of 0.923
for ruling-out significant fibrosis

o When all ultrasound devices were considered together, at a pre-test
probability of 30%, the cut-off of 9.418 kPa presented a NPV of 0.900
for ruling-out advanced fibrosis

o  When all ultrasound devices were considered together, at a pre-test
probability of 60%, the cut-off of 13.634 kPa presented a PPV of 0.904
for ruling-in advanced fibrosis

o  When only SSI ultrasound devices were considered, at a pre-test
probability of 30%, a cut-off value of 6.337 kPa presented a NPV of
0.922 for ruling-out significant fibrosis

o When only SSI ultrasound devices were considered, at a pre-test
probability of 30%, a cut-off value of 7.370 kPa presented a NPV of
0.935 for ruling-out advanced fibrosis

o  When only SSI ultrasound devices were considered, at a pre-test
probability of 60%, a cut-off value of 15.590 kPa presented a PPV of
0.935 for ruling-in cirrhosis

e We highlighted the potential of a widespread applicability of 2D-SWE for
assessing liver fibrosis

e Demonstrating that non-selective beta-blockers (NSBB) lower the risk of the
first decompensation event in patients with compensated cirrhosis and
clinically significant portal hypertension (CSPH) with treated etiology, two
years following etiological treatment, including MASLD-related compensated
cirrhosis. The benefit of NSBB on decompensation was maintained in patients
with small gastroesophageal varices (GEV), in those with significant portal
hypertension even without GEV, and across various etiologies. This finding
could significantly impact clinical practice regarding the initiation of NSBB
treatment.

o Patients on-NSBB had a significantly lower rate of first
decompensation than patients off-NSBB: 16% vs 44%
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o In patients with small GEV, first decompensation occurred in 17/99
(17%) vs 46/10 (43%) for on-NSBB and off-NSBB

o In patients with SPSS only, first decompensation occurred in 2/24
(8%) vs 36/83 (43%) for on-NSBB and off-NSBB

e We objectively assessed the critical role of metabolic factors, such as type 2
diabetes mellitus, in driving liver disease progression and triggering the first
decompensation event.

o Presence of type 2 diabetes mellitus was significantly higher in
patients who presented the first decompensation event, 45% vs 30%

o At univariate and multivariate cox regression-analysis, type 2
diabetes melitus was an independent predictor of first
decompensation

e We objectively assessed the critical role of other factors in driving liver disease
progression and in triggering the first decompensation event

o Patients with compensated cirrhosis who presented the first
decompensation event had a significant higher rate of bacterial
infections than those that remained compensated 44% vs 10%

o We discovered that low hemoglobin levels had a significant impact on
patients with strictly compensated cirrhosis. Specifically, a
hemoglobin threshold of 12.5 g/dL effectively distinguished patients
atrisk of presenting the first decompensation event
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