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Summary

Background: Metabolic dysfunction-associated steatotic liver disease (MASLD) is
currently the most common chronic liver disease and an important cause of cirrhosis
and hepatocellular carcinoma. It is strongly associated with type 2 diabetes and obe-
sity. Because of the huge number of patients at risk of MASLD, it is imperative to use
non-invasive tests appropriately.

Aims: To provide a narrative review on the performance and limitations of non-
invasive tests, with a special emphasis on the impact of diabetes and obesity.
Methods: We searched PubMed and Cochrane databases for articles published from
1990 to August 2023.

Results: Abdominal ultrasonography remains the primary method to diagnose he-
patic steatosis, while magnetic resonance imaging proton density fat fraction is
currently the gold standard to quantify steatosis. Simple fibrosis scores such as
the Fibrosis-4 index are well suited as initial assessment in primary care and non-
hepatology settings to rule out advanced fibrosis and future risk of liver-related com-
plications. However, because of its low positive predictive value, an abnormal test
should be followed by specific blood (e.g. Enhanced Liver Fibrosis score) or imaging
biomarkers (e.g. vibration-controlled transient elastography and magnetic resonance
elastography) of fibrosis. Some non-invasive tests of fibrosis appear to be less ac-
curate in patients with diabetes. Obesity also affects the performance of abdominal
ultrasonography and transient elastography, whereas magnetic resonance imaging
may not be feasible in some patients with severe obesity.

Conclusions: This article highlights issues surrounding the clinical application of non-

invasive tests for MASLD in patients with type 2 diabetes and obesity.
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1 | INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease (MASLD),
recently renamed from non-alcoholic fatty liver disease (NAFLD) and
metabolic-associated fatty liver disease, is currently the most com-
mon chronic liver disease affecting around 30% of the global adult
population.! In Western countries, metabolic dysfunction-associated
steatohepatitis (MASH)—the active form of MASLD characterised by
lobular inflammation, hepatocyte ballooning and accelerated fibrosis
progression—has already become one of the leading causes of cir-
rhosis and hepatocellular carcinoma.

MASLD is strongly associated with metabolic risk factors, most
notably diabetes and obesity.z'3 In a systematic review and meta-
analysis of 156 studies, the global prevalence of MASLD, MASH
and advanced fibrosis among patients with type 2 diabetes (T2D)
was 65.0%, 31.6% and 15.0%, respeo:tively.4 Similarly, in another
systematic review and meta-analysis of 151 studies, the prevalence
of MASLD and MASH among overweight or obese individuals was
70.0% and 33.5%, respectively, and 6.7% of overweight patients
with MASLD had advanced fibrosis.® The estimated global preva-
lence of diabetes among 20- to 70-year-olds was 10.5% (537 million
people) in 2021, rising to 12.2% (783 million) in 2045.° Globally, the
number of adult women with obesity increased from 69 million in
1975 to 390 million in 2016; the number of adult men with obesity
increased from 31 million to 281 million during the same period.®

The huge number of patients with diabetes and obesity has im-
portant implications in our field. First, current guidelines support

7-10 and

MASLD assessment in patients with metabolic risk factors,
we need to devise ways to make this happen. Second, unlike other
chronic liver diseases, most patients with MASLD are seen in pri-

mary care settings (Figure 1).! Therefore, the availability and cost of

Non-hepatology settings

- Availability

- Cost

- High NPV in excluding
advanced liver fibrosis and
future liver-related events

- Reasonable number of false-
positives

- Example: Fibrosis-4 index at
the low cut-off of 1.3
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PRIMARY CARE

testing should be considered, and colleagues outside the hepatology
field should be involved in the development of clinical care path-
Ways.9 Third, current non-invasive tests of MASLD are not perfect,
and extreme body mass index (BMI) and diabetes happen to be rec-
ognised confounders of some of these tests (Table 1)1213

The limitations of liver biopsy in the assessment of MASLD
have been extensively discussed.* It is an invasive procedure with
a small but genuine risk of complications, notably bleeding. More
importantly, there is considerable sampling, intra-observer and
inter-observer variability, rendering the assessment unreliable. The
focus should thus be non-invasive assessment in the vast majority
of patients.

In this article, we discuss the use of non-invasive tests in the
assessment of MASLD, with an emphasis on test performance in
patients with diabetes and obesity. We also cover new data and
recommendations on the use of non-invasive tests to assess portal

hypertension and predict clinical outcomes.

2 | DIAGNOSIS OF MASLD

2.1 | Should MASLD be routinely looked for in
patients with diabetes and obesity?

As discussed above, the strong association between MASLD and
metabolic risk factors is beyond doubt. In fact, the diagnosis of
MASLD requires the presence of hepatic steatosis plus at least one
component of the metabolic syndrome.!® According to the classical
Wilson and Jungner criteria, there are arguments for MASLD
screening in patients with diabetes and obesity. Above all, MASLD
is common, especially among at-risk individuals. Based on prior

Hepatology settings

- Desirable to have NITs good
enough to confirm MASH and
fibrosis

- Select patients for HCC and
varices screening
Deep understanding of disease
biology

- Personalised treatment
Monitoring and response
assessment

- Examples:

- Liver stiffness
measurement by transient
elastography at cut-offs of
8 and 12 kPa

- Enhanced liver fibrosis
score at cut-offs of 7.7
and 9.8

Cardiology
docrinology
Renal
espiratory

<\

epatology

FIGURE 1 Context of use determines the key considerations in the choice non-invasive tests in different settings. It is important to
remember that the vast majority of patients with MASLD are seen at primary care and non-hepatology settings. HCC, hepatocellular
carcinoma; MASH, metabolic dysfunction-associated steatohepatitis; NIT, non-invasive test; NPV, negative predictive value.
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TABLE 1 Potential impact of diabetes and obesity on non-invasive tests.
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Test Impact

General considerations e The pre-test probability of MASH and advanced liver fibrosis is higher in
patients with diabetes and obesity. This would reduce the negative predictive
value of non-invasive tests in general

Serum models of hepatic steatosis and fibrosis e Models including metabolic factors (e.g. glycated haemoglobin and lipids) are
affected by treatments
e Some fibrosis scores (e.g. Fibrosis-4 index) appear to be less accurate in patients
with diabetes

Abdominal ultrasonography e Examination is more difficult in obese patients
Vibration-controlled transient elastography e The failure rate is higher in obese patients
e Extreme body mass index is associated with falsely high liver stiffness
measurement
Magnetic resonance imaging e Patients with severe obesity may not be able to fit in some machines

Abbreviations: MASH, metabolic dysfunction-associated steatohepatitis.

screening studies in patients with T2D, the number needed to screen
is only 1.5-2 to identify one case of MASLD and 5-6 to identify one
case of significant liver fibrosis.!® The diagnostic tools for MASLD
and liver fibrosis are reasonably accurate, acceptable and available,
and there are settings to perform such assessments (Table 2).

Screening or case finding would be meaningless if there are no
effective treatments. The pre-cirrhotic stage represents a window
where intervention may alter the disease trajectory and thereby pre-
vent liver-related complications in the long run. Weight reduction
through lifestyle intervention or bariatric surgery can improve liver
histology and clinical outcomes.’”2° Nevertheless, one may argue
that healthy lifestyle should be emphasised regardless of the diag-
nosis of MASLD anyway. The introduction of effective treatments
for MASH, however, will make a stronger case for the diagnosis of
MASLD.

Several studies suggest that screening for MASLD or fibrosis in
patients with metabolic syndrome or T2D is cost-effective.?2% It is
important to note that cost-effective studies are based on numerous
assumptions, some of which may be based on less robust data (e.g.
the impact of treatment on clinical outcomes). Again, the analyses
need to be repeated when pharmacological treatments and the cor-
responding natural history data become available.

2.2 | Serum-based modalities for hepatic
steatosis assessment

Most serum tests for hepatic steatosis include both liver enzymes
and metabolic risk factors.}* When applied in a population where all
patients are either diabetic or obese, the discriminatory function of
these tests may thus decrease.

SteatoTest, a proprietary panel using FibroTest-ActiTest, BMI,
cholesterol, triglyceride and glucose, exhibits an area under the
receiver-operating characteristic curve (AUROC) of 0.80, (cut-off of
0.3; 91% sensitivity and cut-off of 0.7; 89% specificity) for diagno-
sis of hepatic steatosis (HS) (liver fat content >5%).%* BMI>35 kg/

m? did not affect its performance, with a meta-analysis of 494 such

patients reporting an AUROC of 0.8 to detect steatosis >33%.2° In
the context of diabetes, conflicting data have been observed regard-
ing performance of SteatoTest.2*?” As a commercial test, cost and
accessibility have limited its utility.

Incorporating BMI, waist circumference, triglyceride and GGT,
Fatty Liver Index (FLI) demonstrates an accuracy of 0.84 for detec-
tion of HS (FLI <30; 87% sensitivity and FLI 260; 86% specificity).28
FLI performs satisfactorily in both lean and obese subjects, albeit
with different optimal cut-offs.?? However, in diabetic patients, FLI
may underperform (AUROC 0.647).%°

Further modifying FLI specifically for the American population,
the United States FLI (USFLI) included age, race-ethnicity, waist cir-
cumference, GGT, fasting insulin and glucose, reporting an AUROC
of 0.80 to detect HS in all subjects.3!

Hepatic Steatotic Index (HSI), using gender, T2D, ALT/AST ratio
and BMI, has an AUROC of 0.812 (HSI <30; 93.1% sensitivity, >36;
92.4% specificity).>? HSI may also underperform in the setting of
obesity and T2D.?%%° Originally developed using a Korean cohort,
external validation in different populations is warranted.

Developed using machine learning techniques, NAFLD ridge
score demonstrates an AUROC of 0.87 (cut-offs of 0.24 and 0.44,
92% sensitivity, 90% specificity).*?

Other biomarkers including K-NAFLD score (AUROC 0.929)%4
and NAFLD screening score (NSS) (AUROC 0.825-0.861)%° require
further validation.

Overall, direct comparison of these indices remains challenging,
being validated against different reference standards. These serum
biomarkers can provide a qualitative but not a quantitative measure
of HS, limiting their clinical utility. Nevertheless, they may remain

useful for large epidemiologic studies.
2.3 | Imaging modalities for assessment of
hepatic steatosis

Conventional B-mode ultrasound (US) is the most used imag-
ing modality to diagnose HS, reporting an AUROC of 0.93 (84.8%
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TABLE 2 Non-invasive tests of hepatic steatosis.

Tests

SteatoTest

GGT, total bilirubin, a2m, Apo
A1, Haptoglobin, ALT,
BMI, total cholesterol, Tg,
glucose; adjusted for age/
gender

Fatty Liver Index (FLI)
GGT, Tg, BMI, waist
circumference

United States Fatty Liver Index
(USFLI)

Age, ethnicity, waist
circumference, GGT,
fasting insulin and glucose

Hepatic steatosis index (HSI)
Gender, T2D status, BMI, ALT/
AST ratio

NAFLD ridge score
ALT, HDL-C, Tg, Hbalc, WBC,
hypertension status

B-mode Ultrasound (US)

Controlled attenuation
parameter (CAP)

Computer tomography (CT)

Magnetic resonance
spectroscopy (MRS)

MRI proton density fat
fraction (PDFF)

Performance

AUROC 0.80; sensitivity 0.9,
specificity 0.54, using dual
cut-offs?*

AUROC 0.84; sensitivity 0.87,
specificity 0.86, using dual
cut-offs?®

AUROC 0.80; sensitivity 0.62-
0.86, specificity 0.48-0.88,
using dual cut-offs®!

AUROC 0.812; sensitivity 0.93,
specificity 0.92, using dual
cut-offs*?

AUROC 0.88; sensitivity 0.92,
specificity 0.90, using dual
cut-offs®

AUROC 0.93; sensitivity 0.85,
specificity 0.94%¢

AUROC 0.70-0.87, sensitivity
0.70-0.80, specificity
0.63-0.83%2%3

Sensitivity 0.46-0.72, specificity
0.88-0.95>°

Sensitivity 0.73-0.89, specificity
0.92-0.96°°

AUROC 0.90-0.98, sensitivity
0.75-0.93, specificity
0.87-0.94°8

CHANET AL.

Performance in type 2 diabetes
or obesity

Unaffected by obesity?®
Conflicting data on the impact
of T2D%*%

Unaffected by obesity
May underperform with
T2D2%30

Limited data about impact of
obesity/T2D

Affected by obesity/T2D?%%°

Limited data on impact of
obesity/T2D

Unaffected by T2D

Reduced performance with
morbid obesity (Sensitivity
0.49, Specificity 0.75)%7

Affected by obesity/T2D

Unaffected by obesity/T2D

Potential physical limitation of
MRI scanner to fit patients
with morbid obesity

Potential physical limitation of
MRI scanner to fit patients
with morbid obesity

Potential caveats

Commercial test; limitation of cost/
accessibility

Developed using ultrasound as reference
standard
Used in population epidemiologic studies

Modified specifically for multiethnic
American population

Developed in Korean cohort using
ultrasound as reference standard
External validation may be warranted

Developed using machine learning
approach using MRS as reference
standard.

Further validation warranted

Operator dependent

Reduced performance in context of mild
hepatic steatosis

Newer improved quantitative US
techniques being developed and
established

Improved performance with XL probe in
patients with obesity

Further studies needed to validate
continuous CAP

Poor performance in detecting mild
hepatic steatosis, radiation exposure,
lack of validated thresholds

Limited availability, complexity in
operation and interpretation

Overall sensitivity and specificity
decrease with increased liver fat
content

Abbreviations: ALT, Alanine aminotransferase; ApoA1, Apolipoprotein A1; AUROC, Area under receiver-operating curve; BMI, Body Mass Index;
GGT, gamma-glutamyl transferase; HbAlc, Haemoglobin A1C; HDL-C, High-density lipoprotein cholesterol; T2D, type 2 diabetes mellitus; Tg,
Triglyceride; WBC, White blood cell.

sensitivity, 93.6% specificity) to detect moderate-to-severe HS in
a meta-analysis of 49 studies.® However, accuracy of the US may
be limited in lower grades of HS (<20%). Performance may also be
reduced in patients with obesity, with a much lower 49.1% sensitiv-
ity and 75% specificity observed.%” Intra/inter-reader variability and
limited quantitative assessment have been partially addressed with
various scoring systems like Hamaguchi score®® or hepatorenal index
(HRI1).**
Newer US techniques

promise improved performance

and quantification of HS, utilising acoustic properties such as

attenuation parameter, backscatter coefficient and speed of
sound estimates. Modalities such as controlled attenuation pa-
rameter (CAP), attenuation imaging (ATI), ultrasound-guided at-
tenuation parameter (UGAP), fatty liver attenuation index (ATT)
and tissue attenuation imaging (TAIl) have been introduced across
various commercial platforms, albeit in different phases of estab-
lishment for clinical use.*®

CAP provided by the vibration-controlled transient elastography
(VCTE) platform is most widely used currently. In a meta-analysis of
2735 patients, optimal cut-offs were identified, as 248 dB/m (above S0),
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268dB/m (above S1) and 280dB/m (above S2), with AUROC of 0.823,
0.865 and 0.882, respectively. In this meta-analysis, as CAP values
were also higher with the presence of T2D and increasing BMI, adjust-

t.*! Nonetheless,

ments to CAP cut-offs were proposed in this contex
the meta-analysis included patients with different liver diseases. In co-
horts of patients known or suspected to have MASLD, the optimal cut-
offs for steatotic liver were deemed higher at around 300dB/m.*243
T2D and obesity are also independent factors associated with CAP
failure.** In part, the advent of the XL probe has helped to mitigate
VCTE failure and improve performance in patients with obesity.*> CAP
measurement by XL probe to detect HS remains satisfactory (AUROC
of 0.819).¢ However, when applied to the same patient, XL probe
tends to yield higher CAP values than M probe.*”**® Caussy et al. thus
proposed the CAP cut-offs of 294 and 307 dB/m for the detection of
MRI-PDFF 25% by the M and XL probes, respectively.*®

While limitations of CAP assessment remain, including the con-
siderable overlap of CAP values across steatosis grades and het-
erogeneous optimal cut-offs reported across different studies, the
recent introduction of continuous CAP may reduce measurement
variability, but the impact on accuracy remains to be proven.*>*°
Further studies also need to evaluate its performance in obese
individuals.

Computer tomography (CT) can also be used to assess HS, with
fat having a lower attenuation value than soft tissue. However, it is
not routinely used due to poor performance in detecting mild HS,
radiation exposure, lack of validated thresholds and cost.>!

Magnetic resonance (MR) methods, including MR spectroscopy
(MRS) and MRI proton density fat fraction (PDFF), are accepted as
the most accurate modalities for HS detection and quantification
with similar performance between the two techniques.52 Although
the performance of MRI-PDFF is generally not affected by diabetes

or obesity,*8°3

it may be challenging to accommodate a patient with
morbid obesity in the MRI machine (also exceeding the weight limit
of the table). The large field of view may affect image quality. There
is also increased risk of thermal burns from contact with the bore,
and there may be other confounding factors.”*

MRS directly measures chemical compositions of liver fat, with
ability to detect HS as little as 2%.% In a meta-analysis of 46 stud-
ies, mean sensitivity of 73%-89% and mean specificity of 92%-96%
were observed with MRS, performing better than US and CT.>
However, limited availability, complexity in operation and inter-
pretation have constrained its use in clinical practice.”” MRI-PDFF
overcomes some of these limitations by being widely available on
commercial MRI systems. A meta-analysis of 635 patients reported
MRI-PDFF to have an excellent diagnostic accuracy to detect HS and
quantify the different grades with high sensitivity and specificity;
AUROC of PDFF to detect HS >5%, 233% and = 66% were 0.98, 0.91
and 0.90, respectively.58

Overall, imaging modalities are routinely used in clinical assess-
ment of MASLD patients, choice of modality depending on the clini-
cal context, cost, accessibility and diagnostic performance. T2D and
obesity do impact some of these modalities and need to be taken

into consideration when using them.
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3 | DIAGNOSIS OF AT-RISK MASH

Fibrotic or at-risk MASH has been defined as the presence of active
MASH (NAFLD activity score of 24 with at least grade 1 each for
hepatic steatosis, lobular inflammation and hepatocyte ballooning)
and significant fibrosis (2F2), and has been of interest due to the
associated risk of progressive disease and being the target for
clinical trials (Table 3).%? Currently, Phase 3 drug development for
MASH may employ two clinical trial designs running simultaneously.
The first clinical trial design targets patients with active MASH
and F2-F3 fibrosis with the primary endpoints being resolution of
MASH with no worsening of fibrosis, or fibrosis improvement with
no worsening of MASH, or both resolution of MASH and fibrosis
improvement, and it aims for an accelerated approval. The second
clinical trial design targets patients with MASH cirrhosis with the
primary endpoint being a reduction in adverse clinical outcomes,

which is required for a full approval.®°

3.1 | Prediction models

There are several notable prediction models for MASH and at-risk
MASH using readily available parameters. The NASHmap is a ma-
chine learning model that utilises 14 readily available clinical pa-
rameters for the diagnosis of MASH. It has an AUROC of 0.82 with
a sensitivity of 81% and precision of 81%. The sensitivity and pre-
cision appeared better in patients with diabetes at 86% and 88%,
respectively, compared with patients without diabetes at 77% and
74%, respectively.61 The acNASH index, which utilises serum cre-
atinine and aspartate aminotransferase (AST) levels, was devel-
oped for the diagnosis of MASH with NAFLD activity score of 25.
It demonstrated an AUROC of 0.81 with a sensitivity and specific-
ity of 96% and 86%, respectively. The diagnostic performance was
similar in patients with and without diabetes.®? Another prediction
model, which utilises serum AST, HDL cholesterol and glycated
haemoglobin for the diagnosis of fibrotic MASH in patients with
morbid obesity, had AUROCs of 0.80-0.95 in its external valida-
tion cohorts with sensitivity and specificity ranging from 0.87 to
1 and 0.73 to 0.94, respectively, using <0.10 and 20.33 cut-offs;
45.7%-49.8% of patients were in the grey zone. Notably, one of
the external validation cohorts included only patients with BMI
>25 kg/m2 (mostly with morbid obesity and eligible for bariatric
surgery), one cohort included patients with at least three meta-
bolic risk abnormalities, and the other included patients with BMI
>25kg/m? and/or diabetes.® However, the proportion of patients
with diabetes was relatively low at 38%, 4% and 8%, respectively.
Another machine learning model developed using data from the
LITMUS meta-cohort utilises 25 readily available clinical param-
eters for the diagnosis of at-risk MASH with AUROC of 0.83.
Interestingly, the addition of ten specific blood-based and imag-
ing biomarkers did not appear to improve the performance of the
model. The results of further studies on this promising tool are

awaited.’*¢°
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TABLE 3 Non-invasive tests of at-risk MASH.

Tests

Fibrotic NASH Index (uses
AST, HDL cholesterol
and HbAlC)63

Clinical GBM Model
(composite) (using 15
clinical variables)®*

MACK-3 (uses HOMA, AST
and CK-18)%8

NIS4 (uses miR-34a-5p,
alpha-2 macroglobulin,
YKL-40 and HbA1c)®’

NIS2+ (uses miR-34a-5p
and YKL-40, with
correction of sex effect
on miR-34a-5p)’°

SomasSignal (based on 37
analytes)’*
FAST’®

MAST”?

MEFIB®?

Performance

AUROC 0.80-0.95,
sensitivity 0.87-
1, specificity
0.73-0.94

AUROC 0.83

Additional novel
biomarkers in
the Extended
GBM model did
not improve the
AUROC

AUROC 0.79,
sensitivity 91%,
specificity 85%

AUROC 0.80,
sensitivity 82%,
specificity 87%

AUROC 0.81,
sensitivity 85%,
specificity 85%

AUROC 0.85,
sensitivity 87%,
specificity 63%

AUROC 0.79,
sensitivity 89%,
specificity 89%

AUROC 0.93,
sensitivity 89%,
specificity 90%

AUROC 0.84

CHANET AL.

Performance in type 2 diabetes
or obesity

Developed using data from
morbidly obese individuals
undergoing bariatric surgery
and had intra-operative liver
biopsy

Most individuals in the validation
cohorts had BMI 225kg/m?

Mean BMI was 34kg/m? in both
the derivation and validation
cohorts, and the proportion
of patients with type 2
diabetes was 43.9% in the
derivation cohort and 36.4%
in the validation cohort

Not affected by type 2 diabetes
or obesity

Not affected by obesity
Higher sensitivity, lower
specificity in type 2 diabetes

Not affected by type 2 diabetes
or obesity

Not affected by type 2 diabetes
Mean BMI was 34 kg/m?

Sensitivity affected by BMI and
specificity affected by type 2
diabetes

May be affected in extreme
cases of morbid obesity

May be affected in extreme
cases of morbid obesity

Potential caveats

Validation cohorts varied in their inclusion criteria® and
reference standard for fibrotic NASH®

The proportion of individuals with type 2 diabetes was
relatively low at 16%, in the derivation cohort, and
38%, 4% and 8% in the three validation cohorts,
respectively

Further validation in external cohort required

Need for fasting serum insulin and CK-18 levels, which
are not routinely performed

Need for miR-34a-5p, alpha-2 macroglobulin and YKL-
40, which are not routinely performed

Need for miR-34a-5p and YKL-40, which are not
routinely performed

Need for large number of analytes

Need for VTCE device, which may not be widely
available

Need for MRI, which may not be easily accessible, and
hardware for MRE, which is limited in availability

Need for MRI, which may not be easily accessible, and
hardware for MRE, which is limited in availability

Abbreviations: AST, aspartate aminotransferase; AUROC, area under receiver-operating characteristic curve; BMI, body mass index; CK-18,
cytokeratin-18; FAST, Fibroscan-AST; FIB-4, fibrosis-4 index; GBM, gradient boosting machine; HOMA, homeostatic model assessment; MASH,
metabolic dysfunction-associated steatohepatitis; MAST, MRI-AST; MEFIB, MRE combined with FIB-4; MRE, magnetic resonance elastography; MRI,
magnetic resonance imaging; NASH, non-alcoholic steatohepatitis; VCTE, vibration-controlled transient elastography.

The first cohort included individuals eligible for bariatric surgery and individuals with BMI 225kg/m? undergoing liver biopsy for suspected NASH,

the second cohort included blood donors with at least three metabolic risk abnormalities, and the third cohort included individuals with BMI 225kg/
m? and/or type 2 diabetes from the UK Biobank.
PThe reference standard for the first cohort was liver biopsy, the second cohort was based on FAST score >0.35, the third cohort was based on MRI-
PDFF >5.5%, cT1>800ms and FIB-4 index >1.3.

3.2 | Specific biomarkers

MACK-3, which utilises homeostatic model assessment of insulin
resistance, AST and cytokeratin-18 levels, was developed for the
diagnosis of fibrotic MASH. It demonstrated an AUROC of 0.85
in the validation set of the original study®® and 0.80 in an exter-
nal validation cohort.®” A subsequent international multicentre
study found the AUROC to be 0.79, with a sensitivity and specific-
ity of 91% and 85%, respectively. The AUROC was not affected

by diabetes or BMI and was comparable to the FibroScan-AST
(FAST) score (see below), except for an 8% higher rate of patients
included in the grey zone.®® MACK-3 has the advantage of being
a completely blood-based biomarker but is limited by the need
for fasting serum insulin and cytokeratin-18 levels, which are not
routinely performed. NIS4, which utilises miR-34a-5p, alpha-2
macroglobulin, YKL-40 and glycated haemoglobin, was developed
for the diagnosis of fibrotic MASH. It demonstrated an AUROC
of 0.80 in the pooled external validation cohort, with a sensitiv-

ity and specificity of 82% and 87%, respectively. The diagnostic
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performance was not affected by BMI.? Subsequently, NIS4 was
optimised, leading to the development of NIS2+, which utilises
miR-34a-5p and YKL-40, with correction of sex effect on miR-
34a-5p. NIS2+ had an AUROC of 0.81 for the diagnosis of fibrotic
NASH, and was not affected by BMI or diabetes.”® Using modified-
aptamer proteomics, 37 analytes were identified and formed the
basis for four protein models for the identification of clinically rel-
evant severity of steatosis (0O vs. 1-3), lobular inflammation (0-1 vs.
2-3), hepatocyte ballooning (0 vs. 1-2) and fibrosis (0-1 vs. 2-4). In
addition, fibrotic NASH was predicted by multiplying the outputs
of each of the individual components (SomaSignal), which demon-
strated an AUROC of 0.85 in the validation set.”* In a comparative
diagnostic accuracy study, SomaSignal had the highest AUROC at
0.81 followed by ADAPT (developed for the diagnosis of advanced
fibrosis, see below) and MACK-3 at 0.77 and 0.76, respectively.
The performance of SomaSignal and MACK-3 was similar in pa-

tients with diabetes, but it was marginally lower for ADAPT.”273

3.3 | Imaging tests

Imaging studies have made significant strides in identifying
steatosis and fibrosis; however, detecting MASH has historically
posed challenges due to the reliance on histological tests to assess
inflammation and ballooning. Nonetheless, predictive models
that integrate imaging parameters such as steatosis (e.g. CAP or
MRI-PDFF), fibrosis metrics (e.g. VCTE or magnetic resonance
elastography [MRE]) and blood tests (e.g. AST or FIB-4) have been
developed to predict the presence of at-risk MASH.”* In addition,
features of two-dimensional shear wave elastography may reflect
lobular inflammation and other properties of MASH.%%7>76

The FAST score identifies at-risk MASH by combining liver stiff-
ness measurement (LSM), CAP, and AST.”’ Two cut-offs have been
proposed: <0.35 for sensitivity 20.90 (to rule out) and=0.67 for spec-
ificity 20.90 (to rule in). The derived AUROC value was 0.80, with
a positive predictive value (PPV) of 0.83 and a negative predictive
value (NPV) of 0.85. External validation cohorts were employed
to confirm its performance. Notably, 30%-39% of cases fell within
the grey zone, indicating the need for further evaluation, possibly
through liver biopsy. While one validation study demonstrated con-
sistent FAST score performance across different BMI and T2D sta-
tuses,”” a recent meta-analysis revealed variation in sensitivity for
the rule-out cut-off based on BMI and in specificity for the rule-in
cut-off depending on the presence of T2D.”®

The MAST (MRI and AST) score employs MRI-PDFF, MRE and
AST for at-risk MASH prediction.”” Cut-offs are 0.165 (90% sensi-
tivity, 98% NPV) and 0.242 (90% specificity, 50% PPV). MAST, with
an AUROC of 0.93, outperformed NFS, FIB-4 and FAST. It minimised
grey zone indeterminacy. Recent research shows MAST's accuracy
in predicting liver-related clinical events (c-Statistic 0.92).8% Primarily
for trials, MAST reduces biopsies in MASH trials.

Jung et al. evaluated MEFIB - an MRE and FIB-4 combo - in
detecting NASH fibrosis.®! Cut-offs are >3.3kPa (MRE) and>1.6
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(FIB-4). MEFIB achieved 97.1% PPV, AUROC 0.90 for fibrosis.
Validation maintained MEFIB efficacy (91.0% PPV, AUROC 0.84).
MEFIB, like MAST, predicted clinical liver events effectively.82

Comparison studies found MAST's smaller grey zone and bet-
ter correct classification, while MEFIB exhibited slightly higher AUC
and PPV.8%84 Larger, unbiased studies from big consortia are needed
for clear distinctions. Both tests hold promise for assessing at-risk
MASH, offering significant prognostic insight. Although data regard-
ing the performance of MAST or MEFIB in individuals with T2DM
versus those without, as well as differences across various BMI cat-
egories, are lacking, prior research indicates that the performance of
MRI-PDFF and MRE remains unaffected by diabetes or BMI (except
in extreme cases of morbid obesity).*&°%8°

Lastly, iron-corrected T1 mapping (cT1) emerges as a promising
tool for MASH assessment, with studies showing a correlation with
the components of NAS and fibrosis.?¢®” Other studies connected
cT1 with at-risk MASH and clinical events.®8 Multiparametric MRI
has potential in MASLD, pending validation data.

4 | ASSESSMENT OF FIBROSIS

Cohort studies demonstrated that the severity of liver fibrosis—
not MASH—is the main driver of liver events, extrahepatic events
and mortality in patients with MASH (Table 4).8"7? This evidence
was confirmed in a meta-analysis reporting that the risk of liver
events is 2.6, 5.2 and 12.7 times higher in patients with F2, F3
and F4 fibrosis, respectively, compared to those with FO fibrosis.”®
Consequently, international regulatory agencies encourage focusing
drug development in phase Ilb and Il clinical trials on non-cirrhotic
MASH with liver fibrosis (MASH+F2-F3 fibrosis), or on patients
with compensated MASH-related cirrhosis.”* Moreover, these
international agencies identified the improvement in at least one
stage of liver fibrosis without MASH impairment as one of the main
outcomes for the conditional approval of new drugs while waiting

for hard clinical outcomes.”*

4.1 | Serum fibrosis tests

Serum fibrosis tests such as FIB-4 (age, aspartate aminotransferase
[AST], alanine aminotransferase [ALT], platelet), NAFLD fibrosis
score (NFS; age, BMI, impaired fasting glucose/diabetes, AST, ALT,
platelet and albumin) and AST-to-platelet ratio index are easy-
to-use and validated tools for non-invasive assessment of liver fi-
brosis in MASLD. FIB-4 and NFS are based on the use of rule-out
and rule-in cut-offs, and have acceptable AUROCs (0.76 and 0.73,
respectively) and sensitivities (74% and 76%) for advanced fibrosis,
despite an indeterminate area of 34% and 39%, respectively.” An
individual patient data meta-analysis (IPDMA) reported that the
accuracy of FIB-4 for advanced fibrosis in obese patients (AUROC
0.74) was similar to that of overweight (AUROC 0.77) but lower than
that of normal weight patients (AUROC 0.81), while the diagnostic
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TABLE 4 Non-invasive tests of hepatic fibrosis.

Tests

FIB-4 (age, aspartate
aminotransferase [AST],

alanine aminotransferase

[ALT], platelet)

NAFLD fibrosis score (NFS)
(age, BMI, impaired
fasting glucose/diabetes,
AST, ALT, platelet and
albumin)

HepaMet Fibrosis Score

Enhanced Liver fibrosis or
ELF (combines type Il
procollagen peptide,
hyaluronic acid and
tissue inhibitor of
metalloproteinase-1)

FibroTest (on gamma-
glutamyltransferase
(GGT), total bilirubin,
alpha-2-macroglobulin,
apolipoprotein A1 and
haptoglobin)

Fibrometer (age, gender,
«2-macroglobulin, INR,
platelet count, AST and
GGT)

PRO-C3

ADAPT score (age, T2D,
PRO-C3 and platelet)

SomaSignal

VCTE

AGILE 3+

Performance

AUROC: 0.76, sensitivity 74%
for advanced fibrosis and
indeterminate area of 34%°°

AUROC: 0.73, sensitivity 76%
for advanced fibrosis and
indeterminate area of 39%”°

AUROC curve value of 0.85 whereas
NFES or FIB-4 in that study
showed AUROC values of 0.80
(p=0.0001). Has 97.2% specificity,
74% sensitivity, a 92% NPV, a
76.3% PPV??

The AUROC for advanced fibrosis in
MASLD was 0.83, with a specificity
and sensitivity of 0.86 and 0.65,
respectively, at a threshold of
9 g100

AUROC of 0.77 for detecting
advanced fibrosis!?

AUROC of 0.79 for advanced
fibrosis'®?

AUROC 0-74 for T2D, 0.67 for no
T2D38

AUROCs of 0.86 and 0.87 in MASLD
training and validation cohorts,
respectively!®®

AUROC 0-89 for T2D, 0.90 for no
ToD7172

AUROC values of 0.77, 0.80 and 0.89
for fibrosis stages 2F2, 2F3 and F4,
respectively*®

AUROC of 0.90 [0.88-0.91]11211

CHANET AL.

Performance in type 2 diabetes or
obesity

FIB-4 showed the highest specificity
(93%) and PPV at a low-risk cut-
off, while NFS had the highest
sensitivity (88%) in predicting
advanced fibrosis in MASLD and
T2D patients. In an IPDMA, FIB-4
had similar accuracy for advanced
fibrosis in obese (AUROC 0.74) and
overweight (AUROC 0.77) patients
but lower than in normal weight
patients (AUROC 0.81)%”°

In an IPDMA, NFS performed poorly
and significantly worse than FIB-4
in obese patients (AUROC 0.69)%°

Has higher accuracy in non-obese or
non-diabetic patients

AUROC 0.71 for T2D, 0.63 for no T2D

AUROC 0.71 for T2D, 0.78 for no T2D

AUROC 0.74 for T2D, 0.85 for no T2D

The impact of obesity should be
explored in future studies

The impact of obesity and T2D should
be explored in future studies

The impact of obesity should be
explored in future studies

VCTE with both M and XL probes
displayed similar LSM values and
accuracy for fibrosis stages in
patients with BMI <30 and 2 30kg/
m2.1% A comparison between
T2DM vs. none is needed

Recent prospective study in patients
with T2D failed to demonstrate
superior diagnostic accuracy of the
Agile scores over VCTE alone

Potential caveats

In T2D, reducing FIB-
4's cut-off from 1.3
to 1.0 improved its
sensitivity without clear
information on false-
positive results and liver
referral burden?®

Society guidelines do not
include NFS and instead
recommend using FIB-4
for screening high-risk
populations, including
individuals with T2D

Limited by the need for
availability of insulin
serum levels

Had lower accuracy in
patients with T2D
because of a decrease in
specificity

Had lower accuracy in
patients with T2D
because of a decrease in
specificity

Not available for clinical use

Not available for clinical use

Might be difficult to do in
clinical setting

Other ultrasound-based
systems are available
but are less studied than
VCTE

Growing studies are now
showing its prognostic
values!®
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TABLE 4 (Continued)

Tests Performance

AGILE 4 AUROC of 0.91 (95% Cl 0.89-0.92)
in the testing cohort and 0.89
(95% Cl 0.87-0.92) in the internal
validation!?1%4

MRE MRE LSM >3.63kPa (associated with

advanced fibrosis, AUROC of
0.93)'"” while 25kPa has excellent
specificity for diagnosis of cirrhosis
and is also associated with
increased risk of incident hepatic
decompensation®?

performance of NFS was not acceptable and significantly lower in
obese patients (AUROC 0.69).7°

A recent large IPDMA also showed that FIB-4 and NFS per-
formed similarly for predicting advanced fibrosis irrespectively of
T2D, but when considering cut-offs from the literature, in diabetic
patients both FIB-4 and NSF had lower specificity and a higher
uncertainty area, and NFS also lowers sensitivity.”® The AUROC of
FIB-4, NFS and APRI for advanced fibrosis in patients with MASLD
and T2D was 0.75, 0.72 and 0.68, respectively. FIB-4 had the high-
est proportion of patients at low risk of advanced fibrosis (46%),
the lowest indeterminate area (40% vs. 55.8% for NFS), the high-
est specificity (93%) and the highest PPV (75%), while NFS had the
highest sensitivity (88%).7® Subgroup analyses observed that both
FIB-4 and NFS had a trend for a better accuracy in patients older
than 35years and with normal ALT, and performed significantly
better in non-obese patients‘% In a recent prospective study in
patients with T2D, the sensitivity of FIB-4 for advanced fibrosis
increased from 81.6% to 95.9% when the low cut-off was reduced
from 1.3 to 1.0, though the impact on false-positive results and
the burden on hepatology service need further studies.”” Another
randomised controlled trial testing a clinical care pathway showed
that around 20% of patients with T2D and increased FIB-4 had
LSM >10kPa.”® Another serum fibrosis test named Hepamet fi-
brosis score, limited by the need for availability of insulin serum
levels, has been recently proposed and externally validated as an
accurate score for the non-invasive evaluation of advanced fibro-
sis; notably, it showed a higher accuracy in non-obese or in non-
diabetic patients.’” All in all, the available literature suggests that
in obese and/or diabetic patients, FIB-4 has an acceptable accu-
racy for excluding advanced fibrosis even if the large proportion of
patients falling in the indeterminate area of the test leads to a high

need for second-line tests and/or specialistic referral.

4.2 | Specific fibrosis biomarkers

Serum markers reflecting liver fibrogenesis include the enhanced
liver fibrosis (ELF) test that combines type Il procollagen peptide,

hyaluronic acid and tissue inhibitor of metalloproteinase-1; FibroTest
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Performance in type 2 diabetes or

obesity Potential caveats

Recent prospective study in patients
with T2D failed to demonstrate
superior diagnostic accuracy of the
Agile scores over VCTE alone

Growing studies are now
showing Its prognostic
values'®®

Not available for wide use
though the number
of MREs is increasing
around the world

A meta-analysis has determined MRE
cut-off values while demonstrating
that BMI and T2DM have minimal
influence on these thresholds®?

based on gamma-glutamyltransferase (GGT), total bilirubin, alpha-
2-macroglobulin, apolipoprotein A1 and haptoglobin; FibroMeter
including age, gender, a2-macroglobulin, INR, platelet count, AST
and GGT; and ADAPT score combining age, T2D, PRO-C3 (a marker
of type Ill collagen formation) and platelet. Multi-marker scores
like SomaSignal containing eight protein analytes are also under
investigation.

In a meta-analysis of 11 studies, the ELF test had an AUROC
of 0.83 for advanced fibrosis in MASLD with a specificity and
sensitivity of the 9.8 threshold of 0.86 and 0.65, respectively.*®°
A meta-analysis of five studies reported instead a lower AUROC
(0.77) of FibroTest for detecting advanced fibrosis.*°! FibroMeter
showed an AUROC of 0.79 for advanced fibrosis in a large MASLD
cohort,°? and the ADAPT score had AUROCs of 0.86 and 0.87 in
MASLD training and validation cohorts, respectively.'°® The im-
pact of obesity and diabetes on these tests should be explored in
future studies.

When looking at patients with MASLD with T2D and/or obesity,
FibroTest (AUROC 0.71 for T2D, 0.78 for no T2D) and FibroMeter
(AUROC 0.74 for T2D, 0.85 for no T2D) had lower accuracy in pa-
tients with T2D because of a decrease in specificity.'® The ADAPT
score (AUROC 0.75 for T2D, 0.73 for no T2D) and SomaSignal
(AUROC 0.89 for T2D, 0.90 for no T2D) had a similar performance
according to T2D, while PROC-3 (AUROC 0.74 for T2D, 0.67 for no
T2D) and ELF score (AUROC 0.71 for T2D, 0.63 for no T2D) had a
higher even if not significant AUROC in T2D patients.”? BMI did not
affect ADAPT accuracy for advanced fibrosis.?%*

All in all, available data suggest an acceptable/good accuracy—
higher than FIB-4—of specific fibrosis biomarkers for the diagnosis
of advanced fibrosis in MASLD patients with T2D and/or obesity,
even if the impact of obesity is understudied. These scores are, how-
ever, costly and not widely available and worthy to be used as sec-

ond/third-line tests and/or in the context of referral centres.

4.3 | Imaging tests

Non-invasive methods for assessing liver fibrosis in patients with

MASLD have gained traction due to their potential to replace invasive
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liver biopsies, particularly in terms of imaging.°®> One standout tech-
nique is VCTE, which employs induced shear waves to measure liver
stiffness. LSM, gauged through VCTE, reflects hepatic fibrosis se-
verity.1%% A study by Eddowes et al. highlighted LSM's accuracy in
identifying varying fibrosis stages, with AUROC values of 0.77, 0.80
and 0.89 for fibrosis stages 2F2, 2F3 and F4, respectively.43 Siddqui
et al. optimised cut-off values through a prospective study for en-
hanced clinical relevance.'®® Additionally, VCTE and a number of US
systems allow evaluation of liver stiffness and steatosis during the
same examination.

LSM's predictive power determined by VCTE is established.
Boursier et al.'%7 linked higher baseline LSM levels to poorer over-
all survival and liver-related complications-free survival. This pre-
dictive capacity was reaffirmed by another study from Italy.2%®
However, LSM's potential for tracking drug responses and correlat-
ing with histology requires further exploration.'” The XL probe al-
lows the assessment of liver stiffness and steatosis in patients with
high BMI.1%° In a significant study of MASLD patients,*** VCTE with
both M and XL probes displayed similar LSM values and diagnostic
accuracy for various fibrosis stages in patients with BMI <30 and
>30kg/m?. While VCTE's performance in patients with T2DM is as-
sumed to mirror that in non-T2DM patients, more data are needed
to confirm this.

To address VCTE's limitations in advanced fibrosis diagnosis,
novel scores—Agile 3+ and Agile 4—incorporate demographic
data, blood tests and VCTE-derived LSM to improve F>3 and F4
fibrosis stage identification and predict outcomes.**?"*1% However,
a recent prospective study in patients with T2D failed to demon-
strate superior diagnostic accuracy of the Agile scores over VCTE
alone.””

Point-shear wave elastography (pSWE) and two-dimensional
shear wave elastography (2D-SWE) are other US-based elastogra-
phies that have been more extensively evaluated.'* Unlike VCTE,
both pSWE and 2D-SWE are performed under real-time US ex-
amination. pSWE has a relatively small region of interest, and this
results in a high measurement success rate, but possibly lower accu-
racy for fibrosis assessment compared with 2D-SWE and VCTE.!?®
In head-to-head comparison in patients with MASLD, 2D-SWE had
similar overall accuracy as VCTE as a second-line test in patients
with abnormal FIB-4.11¢

MRE, a two-dimensional technique, is a highly accurate tool for
assessing MASLD fibrosis. MRE studies demonstrate strong sensi-
tivity and specificity, particularly for 2F3 and F4 stages.'?” MRE's
prognostic potential for liver outcomes is established, including
its ability to predict cirrhosis and decompensated cirrhosis.82%®
Moreover, MRE's value for longitudinal fibrosis monitoring is con-
firmed by Gidener et al.,''? identifying baseline LSM ranges for
optimal follow-up timing. Despite its accuracy, MRE's availability
is limited to advanced centres, unlike VCTE, a point-of-care test
with lower costs. A comprehensive meta-analysis establishes MRE
cut-off values for significant fibrosis (3.14 kPa), advanced fibrosis
(3.53kPa) and cirrhosis (4.45kPa), with BMI and T2DM having
minimal impact.*?°

CHANET AL.

Threshold values for pSWE and other US-based techniques are
emerging as potential alternatives, but validation remains incom-
plete compared to VCTE and MRE.”*

Despite the promise of these imaging-based non-invasive
tests, further validation and research are crucial to establish their
clinical roles. While VCTE and MRE offer diagnostic and prognos-
tic insights, ongoing studies are needed to verify their effective-
ness in monitoring treatment responses and disease regression.
The evolving landscape of non-invasive liver fibrosis assessment
holds potential to enhance patient care while minimising invasive

procedures.'?!

5 | ASSESSMENT OF PORTAL
HYPERTENSION

Clinically significant portal hypertension (CSPH), defined as he-
patic venous pressure gradient (HVPG) 210mmHg, represents the
critical stage where hepatic decompensation starts to develop.
The PREDESCI trial is a landmark study that established the use of
non-selective beta-blockers (NSBBs) or carvedilol in patients with
CSPH.*?? At a median follow-up of 37 months, the primary endpoint
(cirrhotic complications or death) occurred in 16% of patients in the
beta-blockers group and 27% in the placebo group (hazard ratio
0.51). Thus, unless contraindicated, NSBBs should be prescribed to
patients with CSPH rather than waiting until they develop large oe-
sophageal varices.

The caveat of this approach is that HVPG is invasive and is not
a routine assessment outside research settings. Accordingly, the
Baveno VIl consensus recommends the use of LSM by VCTE to
make treatment decisions.*?® Patients with LSM <15kPa and platelet
count 2150 x 10?/L are unlikely to have CSPH, whereas LSM 225kPa
is considered sufficient to rule in CSPH. However, obesity is known
to increase LSM,*? thus the rule-in criteria only apply to MASLD
patients who are non-obese. To tackle this problem, Pons and col-
leagues proposed the ANTICIPATE-NASH model based on LSM,
platelet count and adjustment by BMI.12* Rather than dichotomising
patients as having CSPH or not, the model provides the probability
of CSPH. However, as the model was only based on 248 patients
with MASH, further validation is needed.

A patient with probable CSPH by the Baveno VIl or ANTICIPATE-
NASH models can be started on NSBB or carvedilol. On the other
hand, if beta-blockers are contraindicated, it would be meaningful to
determine if there are varices needing treatment as the alternative
would be endoscopic variceal ligation. In this situation, the Baveno
VI criteria can be used, which state that a patient has a <5% chance
of harbouring varices needing treatment when LSM is <20kPa and
platelet count is 2150 x 10°/L.*2° These criteria have been validated
in patients with MASH-related cirrhosis and with both the M and XL
probes.1?

Another interesting development is spleen stiffness measure-
ment (SSM). The spleen is directly connected to the portal ve-

nous system via the splenic vein. Patients with CSPH often have
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TABLE 5

Tests

FIB-4%

NFs'®?

ELF34

LSM-VCTE'®

MAST40

MREISS

MEFIB3¢

MRE-based
multivariable
model (uses age,
MRE, albumin,
AST and
platelet)137

Performance

Time-dependent AUC for primary
outcome® was 0.69, 0.74 and 0.81 at
3, 5 and 10vyears, respectively

Cumulative sensitivity (FIB-421.3 vs.
<1.3) 82.6%

Dynamic specificity (FIB-4>2.67 vs.
<2.67)87.7%

Time-dependent AUC for primary
outcomea was 0.61, 0.70 and 0.76 at
3, 5 and 10years, respectively

Cumulative sensitivity (NFS >-1.455 vs
<-1.455) 78.9%.

Dynamic specificity (NFS >0.676 vs
<0.676) 84.6%

Time-dependent AUC for liver-related
outcomes® was 0.81 and 0.71 at 5
and 10years, respectively

At 5years, sensitivity and specificity
were 59.9% and 88.9%, respectively.
At 10vyears, sensitivity and specificity
were 43.1% and 91.8%, respectively

Time-dependent AUC for primary
outcome® was 0.74, 0.76 and 0.79 at
3, 5 and 10years, respectively

Cumulative sensitivity (LSM-VCTE
>10kPa vs <10kPa) 70.6%

Dynamic specificity (LSM-VCTE >20kPa
vs <20kPa) 92.0%

AUC for primary outcome® was 0.92.
Adverse event hazard ratio for MAST
score 0.165-0.242 and 0.242-1.0
was 7.75 and 22.11, respectively,
compared with 0.000-0.165

Individuals who developed ascites,
hepatic encephalopathy or
oesophageal varices or died from any
cause had significantly higher liver
stiffness

Adjusted odds ratio for primary outcome!

was 24.1 for a positive MEFIB (MRE
23.3kPa and FIB-4 2 1.6) compared
with negative MEFIB

AUC for hepatic decompensation
(variceal haemorrhage, ascites
or hepatic encephalopathy) was
0.87 and 0.88 at 3 and 5years,
respectively

Prognostication of MASLD by non-invasive tests.

Performance in type 2 diabetes or obesity

Median BMI was 29 kg/m?, and the
proportion of individuals with type 2
diabetes was 45.9%-47.5%

Median BMI was 29 kg/m?, and the
proportion of individuals with type 2
diabetes was 45.9%-47.5%

Mean BMI was 26.9 kg/mz, and the
proportion of individuals with type 2
diabetes was 9.9%. Among individuals
with BMI 230kg/m?, AUC at 5years
and 10years was 0.85 and 0.78,
respectively. Among individuals
with type 2 diabetes, AUC at 5years
and 10years was 0.87 and 0.69,
respectively

Median BMI was 29 kg/mz, and the

proportion of individuals with type 2
diabetes was 45.9%-47.5%

Median BMI was 30.6kg/m?, and the
proportion of individuals with type 2
diabetes was 34.4%

Median BMI was 32kg/m?, and the
proportion of individuals with type 2
diabetes was 49.6%

Mean BMI was 32 kg/mz, and the
proportion of individuals with type 2
diabetes was 18.9%

Median BMI was 28.8kg/m?, and the
proportion of individuals with type 2
diabetes was 35%
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Potential caveats

No subgroup analysis for patients with
type 2 diabetes or obesity

No subgroup analysis for patients with
type 2 diabetes or obesity

60% of liver-related outcome still
occurred among individuals with ELF
<9.8 at baseline

No subgroup analysis for patients with
type 2 diabetes or obesity.

Need for VTCE device, which may not be
widely available

No subgroup analysis for patients with
type 2 diabetes or obesity.

Need for MRI, which may not be easily
accessible, and hardware for MRE,
which is limited in availability

No subgroup analysis for patients with
type 2 diabetes or obesity.

Need for MRI, which may not be easily
accessible, and hardware for MRE,
which is limited in availability

No subgroup analysis for patients with
type 2 diabetes or obesity.

Need for MRI, which may not be easily
accessible, and hardware for MRE,
which is limited in availability

No subgroup analysis for patients with
type 2 diabetes or obesity

Need for MRI, which may not be easily
accessible, and hardware for MRE,
which is limited in availability

Abbreviations: AST, aspartate aminotransferase; AUC, area under curve; BMI, body mass index; ELF, enhanced liver fibrosis; FIB-4, fibrosis-4 index;
LSM, liver stiffness measurement; MASLD, metabolic dysfunction-associated steatotic liver disease; MAST, MRI-AST; MEFIB; MRE combined with
FIB-4; MRE, magnetic resonance elastography; MRI, magnetic resonance imaging; NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis
score; VCTE, vibration-controlled transient elastography.

?Primary outcome was a composite endpoint that included all-cause mortality, liver transplantation, hepatocellular carcinoma, cirrhosis
decompensation (variceal bleeding, ascites, hepatic encephalopathy) and increase in MELD score to 15 or higher.

PBased on national registers for hospitalisation, cancer and death.

‘Primary outcome was a composite outcome of manor adverse liver outcome (ascites, hepatic encephalopathy, bleeding oesophageal varices), liver
transplant, hepatocellular carcinoma or liver-related death.

dPrimary outcome was ascites, hepatic encephalopathy, varices needing treatment, HCC and death.
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splenomegaly, and the pathophysiology is more precisely reflected
by SSM. Several systematic reviews and meta-analyses showed that
SSM by VCTE, point-shear wave elastography and two-dimensional
shear wave elastography had 70%-90% sensitivities and specific-
ities in predicting CSPH, oesophageal varices and varices needing
treatment.?128 A randomised controlled trial in 548 patients with
cirrhosis also showed that LSM plus SSM by VCTE was non-inferior
to endoscopy in detecting varices needing treatment and predict-
ing future acute variceal haemorrhage.*??*%° Another interesting
study in 106 Korean patients with oesophageal varices showed
that SSM response by point-shear wave elastography could reflect
HVPG response to carvedilol, thus determining the adequacy of
beta-blockade.’® However, it is important to note that most stud-
ies included few patients with MASLD. Besides, the existing VCTE
studies used the original 50Hz liver probe for SSM, but the latest
model of VCTE has a dedicated 100Hz probe for SSM. The impact
on SSM performance and optimal cut-offs should be scrutinised in

future studies.

6 | PROGNOSTICATION

One of the earliest reports on non-invasive tests for prognosti-

cation of patients with MASLD was by Boursier and colleagues,

CHANET AL.

who found that LSM by VCTE was able to stratify patients into
categories with significantly different prognoses (Table 5).1%2
More recently, an IPDMA found that simple non-invasive tests (i.e.
LSM, FIB4 and the NFS) were found to perform as well as his-
tologically assessed fibrosis in predicting the composite endpoint
of all-cause mortality, hepatocellular carcinoma, liver transplanta-
tion or cirrhosis complications (i.e. ascites, variceal bleeding, he-
patic encephalopathy or progression to a MELD score = 15).%% In
the study, patients were stratified using literature-based cut-offs
(i.e. <10kPa, 10-19.9kPa and 220kPa for LSM; <1.3, 1.3-2.67
and >2.67 for FIB4; and <-1.455, -1.455-0.676 and >0.676 for
the NFS). Patients in the least severe category at baseline had a
very low cumulative incidence of developing the composite end-
point, ranging from 1.3% to 2.2%, compared with patients in the
most severe category, which ranged from 13.5% to 21.9%. Further
analysis of the data to look at the incidence of developing the
composite endpoint among patients in the least severe category
of non-invasive tests within a certain interval (e.g. 1 and 3years)
could provide a useful evidence-based guide on the interval for
repeating non-invasive tests in clinical practice. While the study
consisted of a substantial proportion of patients with T2D (46.1%)
and obesity (39.4% had a BMI of 230kg/m?), data on the perfor-
mance of the non-invasive tests specifically in these populations

would be desirable. Other non-invasive tests, such as the ELF

Type 2 Diabetes and/or Obesity

Primary Care

[ FIB-4 (Lower accuracy in obesity —Lower spe

cificity in diabetes) |

Diabetologic

Centres

FIB-4 <1.3/

FIB-4 21.37

follow-up
Lifestyle correction

LSM*(XL probe in obese)

(Lower accuracy in obesity —Lower specificity in diabetes)

Hepatological

No referral LSM <87 kPa LSM 28 kPa& centres
1to 3 year

Control of metabolic Clinical assessment
disorders Not Confirmed Advanced Fibrosis Consider Fibrosis serum

tests and/or MRE if available

Screening for portal Consider Liver Biopsy

hypertension/HCC

Inclusion in clinical Confirmed Advanced Fibrosis

trials

FIGURE 2 Clinical care pathway for patients with MASLD and di

abetes/obesity. ASpecific cut-offs for diabetic and/or obese patients

may require further validation. *According to local availability, specific fibrosis biomarkers could be an alternative; ELF accuracy seems not

affected by diabetes, while the effect of obesity on ELF is uncertain

. 8.SM=12kPa indicates high risk of advanced fibrosis; the management

of patients with LSM 8-12kPa should be based on the local setting and practice. FIB-4, Fibrosis-4 index; HCC, hepatocellular carcinoma;
LSM, liver stiffness measurement; MRE, magnetic resonance elastography.
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panel, MRI-AST (MAST) score and MRE, either alone or in com-
bination with FIB4 (called MEFIB index), have also been shown
to be predictive of liver-related events and mortality.8%-11%134-13¢
A new model based on MRE, albumin, AST and platelets achieved
high accuracy in predicting hepatic decompensation in MASLD.*%”
However, MRI-based evaluations are more costly and not widely
available; hence, their use may be restricted to only some large

tertiary care settings.

7 | CONCLUSIONS

Patients with T2D and/or obesity are at risk of advanced liver fi-
brosis and major adverse liver outcomes and should be screened in
primary care and diabetes clinics according to international guide-
lines.”*® The first-line test to be implemented is FIB-4 because of
its good NPV for advanced fibrosis (Figure 2). Patients with an FIB-4
indicating an intermediate-high risk of advanced fibrosis should
then undergo LSM by VCTE or specific serum fibrosis tests accord-
ing to local availability. Patients at low risk of advanced fibrosis by
FIB-4 or LSM should be reassessed at 1-3years according to risk
factors, and both lifestyle correction and control of metabolic dis-
orders should be promoted. In case of LSM values 28 kPa, indicating
an intermediate-high risk of advanced fibrosis—LSM 212 kPa instead
suggestive of a high risk of advanced fibrosis—patients should be
referred to hepatology centres. Patients with advanced fibrosis will
be finally directed towards HCC and portal hypertension screening
and if possible, included in dedicated clinical trials for new develop-

ing drugs.
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