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Abstract

Nonalcoholic fatty liver disease (NAFLD) is estiradtto afflict approximately 1 billion
individuals worldwide. In a subset of NAFLD patisntvho have the progressive form
of NAFLD termed as nonalcoholic steatohepatitis 844, it can progress to advanced
fibrosis, cirrhosis, hepatocellular carcinoma anértrelated morbidity and mortality.
NASH is typically characterized by a specific patten liver histology, including
steatosis, lobular inflammation, ballooning with without peri-sinusoidal fibrosis.
Thus, key issues in NAFLD patients are the diffeetion of NASH from simple
steatosis and identification of advanced hepabeofiis. Until now, liver biopsy has
been the gold standard for identifying these twbcal endpoints but has well known
limitations including invasiveness, rare but poiaht life-threatening complications,
poor acceptability, sampling variability and coBurthermore, due to the epidemic
proportion of individuals with NAFLD worldwide, Ier biopsy evaluation is
impractical and non-invasive assessment for thgndisis of NASH and fibrosis is
needed. Although much of the work remains to beedonestablishing cost-effective
strategies for screening for NASH, advanced fitwasid cirrhosis, in this review, we
summarize the current state of the non-invasivessssent of liver disease in NAFLD,
and we provide an expert synthesis of how theseima@sive tools could be utilized in
clinical practice. Finally, we also list the keyeas of research priorities in this area to

move forward clinical practice.



Introduction
Non-Alcoholic Fatty Liver Disease (NAFLD), affecesound onefourth of the

general population worldwide Nonalcoholic steatohepatitis (NASH), the activenfor
of NAFLD, characterized by histological lobular inflammatiaand hepatocyte
ballooning is associated with faster fibrosis progressiod affects around 1.5% to
6.5% of the general populatioh NAFLD is frequently associated with metabolic
comorbidities such as obesity (51%; 95% CI: 41-&lpe 2 diabetes (22%; 95% CI :
18-28), hyperlipidemia (69%; 95% CI : 50-83), hyesion (39%; 95% CI: 33-46),
and metabolic syndrome (42%:; 95% ClI: 30-563lthough the most common cause of
death in patients with NAFLD is cardiovascular dse, independent of other metabolic
comorbidities,NAFLD is becoming a major cause of liver diseasdated morbidity
(cirrhosis, end-stage liver disease, hepatocellutarcinoma (HCC) and liver
transplantation) as well as mortality®. NAFLD is expected in the next decade to
become the leading indication for liver transpléntain the USA”. It is estimated that
liver-specific mortality and overall mortality amgpatients with NAFLD are 0.77 and
11.77 per 1,000 person-years whereas they are 86d£25.56 per 1,000 person-years
among patients with NASH

The vast majority of NAFLD patients however will tnprogress, only a
minority, namely those with NASH and advanced hieddirosis are at greatest risk of
developing complications of chronic liver diseadadeed, advanced fibrosis has been
shown to be the major driver for long-term outcoane mortality’®. Thus, key issues
in patients with NAFLD are the differentiation ofASH from simple steatosis and
identification of advanced hepatic fibrosis. Givise huge number of at-risk patients,
there is a substantial unmet need for efficient a@ogdt-effective means for risk

stratification of NAFLD patients for these two aél endpoints. Liver biopsy, the gold



standard for identifying these two endpoints umtdw, appears unrealistic and
unsuitable. In addition, it has well known limit@ts including invasiveness, poor
acceptability, sampling variability and cost. Asesault, this has fueled the development
of alternative non-invasive strategies, which héeen an area of intensive research
over the past decade

This review is aimed at discussing the performaadgantages and limitations of
non-invasive methods for the management of patiwittsNAFLD, including diagnosis
and quantification of steatosis, differentation MASH from simple steatosis and

identification of advanced hepatic fibrosis.

Currently available non-invasive methods and their limitations
Non-invasive methods rely on two different apprascha “biological” approach

based on the quantification of biomarkers in sesamples or a “physical” approach
based on the measurement of liver stiffness, usitiger ultrasound- or magnetic
resonance-based elastography techniques. Althougleset approaches are
complementary, they are based on different ratemadliver stiffness corresponds to a
genuine and intrinsic physical property of liverggachyma, whereas serum biomarkers
indicate several, not strictly liver-specific clial and serum parameters that have been

associated with NASH or fibrosis stage, as assdsgéder biopsy.

Serum biomarkers

Current serum biomarkers (summarized in Table dude predictive models for
diagnosing or grading steatosis (such as the Eatsr Index) or staging fibrosis (e.g
NAFLD Fibrosis Score), direcineasures of hepatocellular dama@eg. circulating

keratin 18 fragments) to differentiate patientshwASH from those with simple



steatosis and direct measures of fibrosis (e.gNPlbr Pro-C3J to discriminate patients
with advanced fibrosis. Some are specific of NAFHeDy. BARD and NAFLD fibrosis
scores) whereas some have been initially designeldepatitis C (AST/ALT ratio,
APRI, FIB-4). A few are proprietary formula (Fibre3t", Fibrometel", Hepascore
and ELF score) but most are non-patented.

The practical advantages of analyzing serum bioararknclude their high
applicability (>95%), their good inter-laboratorgproducibility, and their potential
widespread availability (non-patented). Howevemaare liver specific—their results
can be influenced by co-morbid conditions and thexyuire critical interpretation of

results.

Imaging techniques
Elastography

They are two different but complementary approacfes measuring liver
stiffness: ultrasound-based and magnetic resonaaeed elastography techniques. The
first one uses ultrasound to detect the velocitthefmicrodisplacements (shear waves)
induced in the liver tissue, whereas the lattesube magnetic resonance scanner. The
shear wave’s velocity is then converted into arlst#fness measurement, expressed in
kilopascals (kPa) or in meters/second (m/s). Vibratontrolled transient elastography
(TE) has been the pioneer ultrasound-based teckraqul is the most widely used
worldwide but newer elastography modalities likeinposhear wave elastography,
(pPSWE), which includes Acoustic Radiation Force Impulse dmg (ARFI), or two-
dimensional shear wave elastography (2D-SWE), rated in conventional ultrasound
systems, are emerging*? Their main characteristics, advantages and ltiita are

summarized in Table 2. TE and magnetic resonanastogiraphy (MRE) provide



additional information in patients with NAFLD. Theame machine can be used to
determine whether steatosis is present : contr@tezhuation parameter (CAP) for TE
and calculation of the proton-density fat tracti@®DFF) for MRE. Comprehensive

technical details can be found in the supplementeaterial.

Diagnosis and grading of Steatosis
Serum biomarkers

Several steatosis scores have been proposed forddtextion of steatosis
including the SteatoTe¥t '3, the fatty liver index (FLI)", the hepatic steatosis index
(HSI) *°, the lipid accumulation product (LAPS, the index of NASH (IONY}’ and the
NAFLD liver fat score (NAFLD-LFS)'. Their diagnostic performances have been
summarized in a recent reviéw Although SteatoTe8¥, FLI, NAFLD-LFS, LAP and
HSI have been independently validat®d® their diagnostic performances are difficult
to compare as they have been designed and validgtadst different standards: liver
biopsy, ultrasonography, or magnetic resonancets@eopy. Nevertheless, when FLI,
NAFLD-LFS, HSI were retrospectively compared in $a@mne cohort of 324 patients
with suspected NAFLD and liver biopsy, their AURQ@Ilues for the diagnosis of
steatosis (>5%) did not differ (0.83, 0.80 and Q@spectivelyf’. Further studies are
needed, but it should be acknowledged that theseeschave not gained much
popularity as they do not add much to the infororagprovided by clinical, laboratory

and imaging studies done routinely in patients witbpected NAFLD.

Ultrasonography
Conventional US is the most commonly used imagiethwd for the diagnosis of

hepatic steatosis, since it is widely availablell wstablished, well tolerated and cheap.



Typical US features are: hyperechogenicity as caoetpato the right kidney
parenchyma, distal attenuation and the presenaeeas of focal sparini. The degree
of steatosis can be subjectively scored as mildjarade and severe, or as reported in
some studies by using ordinal US scdre$’ In a large meta-analysfé (n= 34 studies,
2815 patients with suspected or known liver disggaseooled sensitivities and
specificities of US to distinguish moderate-to-sevéatty liver from the absence of
steatosis, taking liver biopsy as the referencee®®% (80—89%) and 93% (87-97%),
respectivelyHowever, in clinical practice mainly the presencalosence of steatosis is
recorded and US has the limitatitrat it can only detect steatosis with more the®-12
20% liver fat contenf’ and therefore, a relevant number of patients \stdatosis
starting at 5% liver fat content can be misé&dn addition, the accuracy of US for
diagnosis of liver steatosis is reduced in patiemith obesity and coexistent renal
diseas€® * Recent studies obtained better results usingtijative ultrasound® 3!
Nevertheless, European guidelines for the manageofddAFLD recommend to use

ultrasound as first choice imaging in adults &t fie NAFLD 2,

Controlled Attenuation parameter (CAP)

In the initial study assessing its performance41b patients with chronic liver
diseases (15% only with NAFLD), CAP was able tounately detect steatosks 1%,
>33% and>66% with AUROCs of 0.91, 0.95 and 0.89, respedcyivél Nevertheless,
despite a good correlation with histological steeto overlapped results between
different grades of steatosis suggest that CAP atadifferentiate adjacent grades of
steatosis with good precision. A recent individdata meta-analysi¥, based on 19
studies using the M probe and having included 2patents (537 with NAFLD;

19.6%), has reported for steatosiksl%,>33% and>66%, AUROCSs of 0.82, 0.86, and



0.88, respectively, sensitivities of 0.69, 0.77d &B8 and specificities of 0.82, 0.81 and
0.78, respectively. The authors proposed optimabtfs of 248 (237-261) dB/m, 268
(257-284) dB/m and 280 (268-294) dB/m, respectiviterestingly, CAP values were
influenced by several covariates including NAFLDglk#tes and BMI. Other authors,
using MRI-PDFF as reference, have recently sugdez®8 db/m as an optimal cut-off
for detection of 5% or more fat in the livEr Table 4 summarizes the results of CAP in
NAFLD patients ***° Several comments can be made: most studies heea b
conducted in small sample size (< 100 patients) lzgtdrogeneous populations with
variable BMI and diabetes prevalence ; this magmexplanation for the differences in
proposed cut-offs. However, the cut-off associatét significant steatosis (>33% of
hepatocytes) is almost always >250 dB/m. Finallystmaf these studies have been
performed with the M probe. In a recent US multteerstudy, using the XL probe, in
393 NAFLD patients, CAP had an AUROC of 0.76 fotedéing steatosis >5 % and a
96% positive predictive value at a cut-off of 268/mh *°. In contrast, the accuracy of
CAP for separating steatost83% and>66% was suboptimal.

Thus far only two studie¥ *° compared head to head the performance of CAP
with M and XL probes, using liver biopsy as refaenwith conflicting results. In one
study (236 Western patients with chronic liver dsewith a mean BMI 24.4+6.3), the
performances and cutoff values were simffawhereas in another study (57 NAFLD
Chinese patients with a mean BMI 30.2+5.0), thégoerances were similar but cut-off
values were higher with the XL proB® Therefore, further studies are necessary before
any firm conclusions can be drawn.

Only two studies have performed a head-to head adasgn of CAP with US,
taking liver biopsy as reference: one in 72 pasianith chronic liver diseas¥ and the

other one in 366 patients with chronic hepatitis®BBoth studies showed that the



performance of CAP for detecting and grading lisgFatosis was higher than that of
US, however the rate of overestimation was sigaifity higher for CAP than for US
(30.5% vs. 12.4%, p<0.085. More studies are needed before any firm conatusan
be drawn.

In the 3 studies® ** *“*comparing CAP and proton density fat fraction (IFPF
magnetic resonance (MR) spectroscopy for gradiegtssis, using liver biopsy as
reference, CAP was outperformed by MRI-PDFF. Irtuag in 78 American patients
with NAFLD *®, MRI-PDFF performed better than CAP for diagnosaiiggrades of
steatosis (AUROC 0.99 vs. 0.85, respectively, pg@1). Similarly, in a study in 127
Japanese patients with NAFLY) MRI-PDFF had better diagnostic accuracy than CAP
whatever the grade of steatosis. Finally, a stud5 Dutch patients with NAFLD
showed similar resulf¥.

Longitudinal studies are awaited. Recently, a sttlolgt followed up 4,282
patients who had both a reliable LSM antl0 successful CAP measurements has
shown that neither the presence nor the severitjepfatic steatosis predicted liver-
related events (LRE), cancer, or cardiovasculanisvia the short term while LSM, and
etiology independently predicted LRE Subgroup analyses of viral hepatitis (hepatitis
B: 37.0%; hepatitis C: 2.9%) and NAFLD patients.76 of the entire cohort) revealed
similar results.

In summary, CAP is a promising point of care teghei for rapid and
standardized steatosis quantification but needsetdetter validated in patients with
NAFLD with the XL probe. CAP is outperformed by MRDFF but should to be
compared to US that, despite its limitations, retedhe most widely used tool for first

line steatosis assessment.
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MRI-PDFF
Cross-sectional utility of MRI-PDFF

MRS has been employed in several large epidemiokstgidies and now with the
development of MRI-PDFF it has been more widelliagd in epidemiologic studies to
classify presence of hepatic steatosis as weth gsantify the amount of liver f3>2
Longitudinal comparison with histology and MRS

A series of single center studies suggested théyutf MRI-PDFF in the
longitudinal assessment of changes in liver fatteanwith paired assessment with
MRS and liver histology over a 24-week pefio¥f. These studies suggested that MRI-
PDFF was more sensitive than liver histology ineassig changes in liver fat and has
may be utilized in the setting of a clinical tfialThese data have since been confirmed
in multicenter studies in both adult as well apédiatric populatio®. These studies
have shown that longitudinal change in MRI-PDFFusibcorrelates with longitudinal
change in MRS-PDFF (with correlation coefficiendging from 0.96 to 0.99), when
both the MRI and MRS measurements at each timetgane meticulously co-
localized™ "
Role of MRI-PDFF as an endpoint in early phase NASH trial

Several early phase trials in NASH have adopted -MBFF as an endpoint to
examine efficacy of various drugs to assess traatnesponse. Le et al followed by the
MOZART Trial proposed the need for co-localizatioh regions of interests (ROI)
before and after treatment as the liver fat is fogieneously distributéd >> °? MRI-
PDFF is unable to assess liver inflammation, baliog or resolution of NASH or
improvement in fibrosis.

Clinical Utility of Amount of Declinein Liver Fat

11



As the new trial data emerged the experts stamtditing a range of liver fat
improvement in various trials. Using the paired MDFF and histology data from the
MOZART trial it appeared that at a threshold oektive 30% reduction in MRI-PDFF
one may start to appreciate significantly highedaf a 2 point improvement in
NAFLD Activity Score on liver histolodij. These data require further validation that is
ongoing in the multicenter settiflyg Higher liver fat content at baseline in patients
without fibrosis has been recently shown to be @ased with significantly higher odds
of fibrosis progression than those patients whoehiawer liver fat contefif. These
emerging data suggest that liver fat content may lpgognostic significance, especially
early-on the fibrosis progression cascade but neede confirmed. MRI-PDFF
estimation methods have been successfully implezdentthe clinical setting as a tool
for fat quantification. They are FDA approved amainenercially available on the
several MRI vendors including GE Healthcare, Siesremd Philips, and are now more

readily available on newer scanrférs

Diagnosis of NASH
Serum biomarkers

Many serum biomarkers have been investigated ®diagnosis of NASH* but
cytokeratin (CK)-18 is by far the one that has benmost widely investigated. CK-18
fragments come from apoptosis of hepatocytes ackisimed by the enzyme caspase 3
and can be measured in serum by immunoasSay.M30 ELISA assay measures the
caspase-cleaved K18 fragments and detects apgptakich is a hallmark of
steatohepatitis, whereas the M65 ELISA assay detetal cell deathSince the initial
study by Feldstein et &, reporting circulating serum levels of CK-18 tofiredictive

of NASH in patients with NAFLD (with AUROC of 0.88nd sensitivity of 0.75 and
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specificity of 0.81 for a CK-18 value of about 2B0L), many studies’®’ have
confirmed these results, though in rather smallugadpns. In two subsequent meta-
analyses® "’ CK-18 had pooled AUROC of 0.82 (0.76-0.88) todice NASH with a
median sensitivity of 66%-78% and specificity of887%. There are however, several
issues with CK-18 : lack of a commercially avaikablinical test’®, limited sensitivity
at the individual level® and considerable variability in the suggestedaffst-and their
respective diagnostic accuracy among studies tlaemchoosing which threshold to

use very difficult®

. These limitations have resulted in limited cladiatility in practice
so far. To increase CK-18 sensitivity, some authoase combined it with other
biological parameters such as sFas le¥8lsuric acid® , adiponectin and resistin
(NASH diagnosticsy* ®, or ALT and presence of metabolic syndrome (Niicelel)*>.
Other predictive models, combining clinical and deddiory parameters, have been
proposed for the diagnosis of NASH, including th&lRI (hypertension, increased ALT
and Insulin Resistancéf, the Palekar’ score (age, sexAST, BMI,0J AST/ALT
ratio, ] and hyaluronic acid}®, the Gholam score (AST and diabetes melliflisthe
oxNASH (13-hydroxyl-octadecadienoic acid/linoleicicaratio, age, BMI and ASTY,
the NAFIC score (ferritin, insulin and Type IV caflen 7s)*®, and the NashTest™
(Biopredictive, Paris, France), a proprietary folanincluding twelve variables (age,
seX, height, weight, serum levels of triglyceridelsolesterol, Alpha-2 macroglobulin,
apolipoprotein Al, haptoglobin, GGT, aminotrans$ea ALT, AST, and total
bilirubin) ®. In a meta-analysis from the developer, in 494sebpatients with a
prevalence of NASH of 17.2%, the weighted AUROCNz#shTest™ was 0.84.
However, most of these models rely on small andlfziigelected populations (morbidly

93, 90-92

obese patients and have not been externally validat€d The diagnostic

performances of these different models have beesntly reviewed and are therefore
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not detailed in the present revielt . Recently, several approaches using genetic
biomarkers have been proposed including includingls nucleotide polymorphisms
(SNPs) located ilPNPLA3 such as the NASH Score (PNPLA3 genotype, AST and
fasting insulin)®> and the NASH ClinLipMet Score (glutamate, isolewgi glycine,
lysophosphatidylcholine 16:0, phosphoethanolamifes,4AST, fasting insulin, and
PNPLA3 genotype)®, but also expression of non-coding RNAs, spedlfica
microRNAs (miRNAs) such as miR-122' ®® However, the information yielded has
had moderate clinical utility.

In summary, none of the currently available seruark@r are currently able to
differentiate NASH from simple steatosis with higgnsitivity and specificity, however,

their diagnostic accuracy can be improved by compidifferent approaches.

Imaging techniques

Studies on the ability of elastography to discriaténbetween isolated steatosis
and NASH are limited to TE and MRE. The performanad MRE have been
investigated in 5 studie¥ ** *1%and those of TE in 2> ** % 192 A wide range of
AUROCS (0.35 to 0.93) and optimal cutoffs have besported and likely depend on
the prevalence of advanced fibrosis in the stugyutagion'®. In the 2 studie®” “*with
head to head comparison, there was no different¢eeba TE and MRE. Thus
currently, neither modality can reliably discrimi@eaNASH from simple steatosis,
although MR-based modalities are showing promisaliasussed in the Other MR-

Based Methods sub-section.

Staging of Liver Fibrosis

Serum biomarkers
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The diagnostic performances of serum biomarkerg ladready been summarized
in several review$® * %%and therefore will not be detailed here. Briefig, fornon-
patented tesfsa recent meta-analysis (based on 64 studiesQAGLBIAFLD patients)
comparing BARD, APRI, FIB-4, and NFS for diagnosiadvanced fibrosis reported
summary AUROCS of 0.76, 0.77, 0.84, and 0.84, mamy °> With an APRI
threshold of 1.0 and 1.5, the sensitivities anccifigéies for advanced fibrosis were
50.0% and 84.0% and 18.3% and 96.1%, respectiViith a FIB-4 threshold of 2.67
and 3.25, the sensitivities and specificities fdwanced fibrosis were 26.6% and 96.5%
and 31.8% and 96.0%, respectively. The summaryitsgtiss and specificities of
BARD score (threshold of 2), and NFS (threshol@b#55) for advanced fibrosis were
0.76 and 0.61, 0.72 and 0.70, respectiveiyong the 4 biomarkers, FIB-4 and NFS are
the most accurate with high negative predictivaigsal(>90%) for ruling-out advanced
fibrosis. They could therefore be used as first-liools in primary health care setting to
identify patients without advanced fibrosis who it need further assesment. In that
respect, FIB-4 may be more attractive to genem&ttmionners, as it is based on widely
available and simple parameters (age, transaminasds platelets) and easier to
calculate than NFS. There are however severaldtrits that should be acknowledged:
first, performances of FIB-4 and NFS to rule-in adeed fibrosis are rather inadequate
meaning that further assesment with another teseésled in case of positive results
(Figure 1). Second, it is important ot keep in mihdt they have been mostly validated
in liver clinics where the prevalence of advanabdokis is much higher than in primary
health care settings ; third, when using FIB-4 dfS\ a significant proportion of
patients (around 30%) fall in the intermediate Gskegory*®® (Figure 1) and cannot be
correctly classified. This may lead to unecessefgrral of these patients to liver clinics

for further assesment. Finallpew age-adjusted cut-offs have been proposedtigde
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improve the diagnostic performance of NFS and FiBrsadvanced fibrosi¥”.

As for patented tests, no independent meta-anakysisailable A recent French
study'®® from the developer, comparing Fibrometer® to oieented (FibroTest® and
Hepascore) and non-patented (APRI, FIB-4, BARD /&) serum biomarkers in 452
NAFLD patients, showed that Fibrometer® (AUROC (.88tperformed all the other
tests for diagnosing advanced fibrosighese results require further independent
confirmation Finally, novel markers such as the PRO-C3, a cortialgr available
assay that detects the synthesis of type Ill celtadnas been recently suggested to be
superior to APRI, FIB-4 and NFS to identify patenwith NAFLD and advanced
fibrosis when combined with age, platelet and dieb&™. These promising results
require however further validation. Finally, despglight improvement in diagnostic
accuracy over non-patented biomarkers, the liméedilability of patented tests and
their cost might limit their wider application.

In summary, among the different serum biomarkeardietd, NFS and FIB-4 have
been the most extensively studied and validatediffierent NAFLD populations and
with consistent results. These tests perform besxeluding advanced fibrosis (with
negative predictive values >90%) and could theeefoe used as a first-line triage to
identify patients at low risk of advanced fibrosissettings where more sophisticated

tests are unavailabfe

Ultrasound-based Elastography
Transient elastography

Several meta-analysis, mostly performed in virgldigis patients, have reported
good (88-89%) and excellent (93-96%), accuracie$ffor diagnosing advanced

fibrosis and cirrhosis, respectivefy Two meta-analysis performed in NAFLD patients
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have confirmed these resuffs*°> The meta-analysis by Kwok, based on 9 studies (8
with the M probe) including a total of 1047 NAFLDatents, reported summary
sensitivities of 85% and 92% and specificities 2¥8and 92% for diagnosing advanced
fibrosis and cirrhosis, respectivell Table 3 summarizes the results of the most recent
studies (since 2015§ 4> 198 101145 prior studies have been already summari%ed
These results deserve several comments : i), tesges have included heterogenous
populations with a rather limited number of ciricgiatients (<20%) and wide range or
BMI (27 - 40 kg/m); ii) the failure or unreliable results is lowehen the XL probe is
used. Also as shown in the most recent meta-asalgased on 19 studies (4 using the
XL probe) including a total of 2495 NAFLD patieritem different ethnic backgrounds,
summary AUROCs of TE did not differ between M antd Brobes for diagnosing
advanced fibrosis (0.87 vs. 0.86) and cirrhosi83@s. 0.94), respectively® : iii) apart
from the type of probe used, the uneven distrilbbubbfibrosis stages between studies
may likely be an explanation for the observed déifees between proposed cut-offs for
a given endpoint, known as the spectrum btas™® Finally, it should be stressed that
all these studies have been conducted in tertefgrnal centers where the proportion of
patients with advanced fibrosis is higher thatha general population, thus making it
difficult to extrapolate the performance of TE isad to detect cirrhosis in large
populations. Overall, these results suggest thatc®d be of interest to exclude
confidently advanced fibrosis and cirrhosis witgthnegative predictive value (around
90%) in these patient§ For instance, at a cut-off < 8 kPa, TE had a 34%00%
negative predictive valu€® *'® Finally, TE is recommended in the current guitksi

on management of NAFLB®,

Acoustic Radiation Force Imaging

17



Meta-analyses of point SWIHsing acoustic radiation force impulse (ARFI)
imaging in patients with chronic liver disease né@o diagnostic accuracies of 89-91%
for advanced fibrosis and 92-93% for cirrhosishwitt-offs ranging from 1.55-1.61
m/s for advanced fibrosis and 1.80-1.87 m/s farosis, respectively’” **® Other
PpSWE systems show comparable results to ARFI. Hewedifferent cut-offs are

recommended for different systeris**

Only few studies have evaluated pSWE using
ARFI in patients with NAFLD with diagnostic accures of 84-98% for advanced
fibrosis 3% 110 120124 A gystematic review of 7 studies having includ&8 NAFLD
patients, reported a summary diagnostic accuraamysisvity and specificity of 90%,
80% and 85%, respectively for the detection of ificant fibrosis **>. However,
significant fibrosis is not the most relevant endpand no data are available to date for
advanced fibrosis and cirrhosis. Similarly no data available for the follow-up of

NAFLD patients using pSWE. Therefore, pSWE is notluded in the current

guidelines on management of NAFLD.

Shear wave elastography

A retrospective meta-analysis, evaluating 2D-SWHE,B40 patients with chronic
liver diseases from 13 centres worldwide, repod&djnostic accuracies of 91% and
95% for advanced fibrosis and cirrhosis, and optimd-offs of 9.2, and 13.5 kPa,
respectively'?. In the subgroup of 172 NAFLD patients, diagnostizuracies were
93% and 92% for advanced fibrosis and cirrhosispeetively, with the same optimal
cut-offs as for the overall group. When 2D SWE waspared to TE in a subgroup of
91 NAFLD patients with reliable TE-values, 2D-SWeérformed significantly better for
diagnosing advanced fibrosis (AUROC difference 2%l p = 0.003). In another study

in 291 NAFLD patients, 2D-SWE had diagnostic accigs of 89%, and 88% for
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detecting advanced fibrosis and cirrhosis, respelgti'’®. The cut-off values with
sensitivity above 90% wer@3 kPa, and 10.5 kPa fadvanced fibrosis and cirrhosis,
respectively. Interestingly, 2D-SWE outperformed @aid ARFI only for significant
fibrosis. No data are available for the follow-up MAFLD patients using 2D-SWE.
Therefore, 2D-SWE is not included in the currenidglines on management of

NAFLD.

MR-elastography

2D-MRE has been shown in a prospective cohort af ddtients with biopsy-
proven NAFLD to have a high diagnostic accuracy tiee detection of advanced
fibrosis *°°. The AUROCs for the detection of any fibrosis, auved fibrosis and
cirrhosis were 0.84, 0.92 and 0.89, respectivelth wn optimal cut-off for advanced
fibrosis of 3.64 kPa. These results have been coafl in a meta-analysis, based on 9
studies and 232 NAFLD patientS. In another recent meta-analysis, based on 5estudi
and 628 NAFLD patients, the pooled AUROC of 2D-MRIE advanced fibrosis was
0.96'%.

In a head to head comparison between 3D MRE v&BusIRE, 3D MRE at 40
Hz was superior to 2D MRE at 60 Hz with an AUROC tloe detection for advanced
fibrosis of 0.98 (3D-MRE) versus 0.92 (2D-MREJ. However, processing of 3D MRE
takes a much longer time and has yet not beeneppiimulticenter studies. 3D MRE
appears to be an extremely promising tool for lamnal changes in fibrosis
assessment. Further studies are needed to detersiiree in fibrosis assessment in

routine clinical practice.

Other MR-based methods:
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A novel method termed as LiverMultiSc&h(Perspectum Diagnostics) has been
recently proposed as a non-invasive, imaging-basadarker to measure liver fat and
correlate it with liver iron content, fibrosis amdflammation. The three parameters
included in the proprietary algorithm are liver fdsessment, T2* and corrected T1
decay on advanced MEf. A pilot, proof-of-concept study has shown promisiata,
and further larger validation of these parameterspatients with biopsy-proven
NAFLD, and its utility in assessment of treatmeaspgonse in NASH trials is being
actively assesséd.

Recent novel data suggests that addition of damyaitig in addition to 2D-MRE and
perhaps MRI-PDFF may help further advance the assa® of both inflammation and
fibrotic components of disease activity and seyesit NAFLD?°. Further studies are
needed to examine the exact utility and applicgbdf these approaches in assessment

of NAFLD severity.

Comparison and combination of approaches

Among clinical available modalities, MRE has thghest diagnostic accuracy
in the detection of advanced fibrosis in NAFL'® but the evidence is based on a
limited number of selected patients (<700) in hyghpecialized tertiary centers. In a
head to head comparison with seven serum fibrosikens, including FIB-4, in 102
patients with NAFLD, 2D-MRE performed better thah serum markers for the
detection of advanced fibrostd. When compared head to head with serum markers
(FIB-4, NFS, APRI, BARD, Fibrometer® and FibroTe}t® large cohorts of NAFLD
patients (452 and 761), TE outperformed all otherum markers® apart from
Fibrometer®”®. Some authors have proposed strategies combirtihgvith FIB-4 or

NFS, either in a paired or in a serial fashigfr **¢ Such serial strategy however
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increased the diagnostic performance with an acguaeound 70% but at the price of
an uncertainty area (around 20%) and a 10% rateisxfiassified patients®. MRE and
TE have been compared head to head in patientsbiafisy-proven NAFLD in three

studies'™ %

with conflicting results. Chen and colleagues hstvewn in 111 patients
with morbid obesity (mean BMI 40.3 kgfinthat MRE performed better than TE for
detecting advanced fibrosis in intention to diagnbst not in per protocol analysis.
In two other studies, one in 142 Japanese pat{emsan BMI 28.1 kg/f), using only
the M probe® and one in 104 American patients (mean BMI 30/4nkp using both M
and XL probes®, there was no statistical difference between MRE &E for the
detection of advanced fibrosis. Differences inshelied populations might account for
this discrepancy. Recent data suggest that, wlaginst fibrosis taking liver biopsy as
reference, BMI is significantly associated withatisdance of findings between MRE
and TE, the degree of discordancy increasing witi B Finally, a recent individual
patient meta-analysis (based on 230 patients) faoimad MRE had a statistically
significantly higher diagnostic accuracy than VCihEassessing each stage of fibrosis
in patients with biopsy-proven NAFL®’. Therefore further studies are needed before
any firm conclusion can be drawn. As for comparisath pSWE using ARFI, 2D
MRE has been shown to be superior to pSWE for #teation of any fibrosis but not
for advanced fibrost8®. In addition, pPSWE underperformed in the settifigobesity
and higher liver fat content.

In summary, all of these modalities have a role cimical practice and
understanding the caveats associated with thdityusummarized in Table 2) are

helpful in optimal clinical use of these tools.

Usein clinical practice
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In patients with suspected NAFLD (presence of st@at on ultrasound or
abnormal liver tests (transaminases/GGT) in patienth risk factors such as obesity,
type 2 diabetes or metabolic syndrome), non-inveadasts can be used in clinical
practice for risk stratification. Whatever the apgeh, serum biomarkers or elastograpy,
each modality is most reliable in excluding thesprece of advanced fibrosis. As shown
in Figure 1, the choice of non-invasive tools to used should be guided by local
availability and context of use. In primary heattire setting, simple inexpensive and
widely available serum biomarkers, such as FIB-BIAFLD Fibrosis scores, with high
negative predictive value (> 90%) for ruling-outvadced fibrosis should be used as
first-line. Patients with low risk (FIB-4 < 1.3 or NAFLD Fibrigsscore <-1.455 ; 55%
to 58% of casespf having advanced fibrosis do not need furtheresasmentThey
should be offered lifestyle modifications and eis¥c Those with intermediate (FIB-4
= 1.3 10 3.25 or NFS = -1.455t0 0.672 ; 30% oktsasnd high risk (FIB-4 > 3.25 or
NFS > 0.672; 12 to 15% of cases, positive predictvalue 75-90%)should be
addressed to a referral center for further assedsnmratented serum biomarkers
(FibroTest®, Fibrometer® or ELF®) could be consetkin patients with intermediate
risk according to local availability. Otherwi3&, as the most widely available and best
evaluated point-of-care technique, appears asdbleadf choice, although ARFI and
SWE are becoming increasingly available. XL proheutd be used in patients with
skin-liver capsule distence > 25mm in order to mige the TE failure rate (<7%).
Patients at low risk of having advanced fibrosiSKL.< 8 kPa ; NPV 94-100%) should
be offered lifestyle modifications and reevaluatiafter 1 year. For those with
intermediate (LSM = 8 to 10 kPa) or high risk (LSM.0 kPa, PPV 47-70%) of having
advanced fibrosis should be considered for livepby. However, confounders should

be carefully excluded to minimize the risk of fajsesitive. In case of TE failure despite
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the use of XL probe or high BME(35 kg/nf), alternative techniques such as MRE or
SWE/ARFI may be considered according to local allyibHowever, although SWE
and ARFI seem to be as promising as TE, data arertly limited for these modalities
regarding the determination of advanced fibrosiNAFLD. As for MRE, despite its
high accuracy, cost and limited availability amitations to its use in practice. Its role,
as a surrogate of fibrosis improvement in therapdtials remains to be demonstrated.
In any case, these patients should be offerediyfleesnodifications and exercise and
vitamin E (in non-diabetics) and pioglitazone may donsidered as recommended by
recent EASL or AASLD clinical practice guidelinés’ Finally, patients identified as
having advanced fibrosis or cirrhosis should beeeswedfor portal hypertensioand

liver cancer, given the increased risk of this @ésein these individuals.

Special populations and controversies

Patients with type 2 diabetes mellitus are knownb#o at increased risk for
NAFLD and advanced fibrosis. Non-invasive screerstrgtegies for NAFLD, NASH
or advanced fibrosis have been proposed in dialptients including the use of
routinely available clinical variable€s*, TE %> ¥ MRE °? or combination of TE and
ELF **’. It is notewothy that most studies on non-invasests in NAFLD patients have
not been stratified for the presence of diabetesefl recent studies suggested that
non-invasive tests, which were developed and vadlan non-diabetic cohorts,
underperformed when applied to diabetic patiefits* Thus caution is requested
when extrapolating results of non-invasive testsmfrnon-diabetic populations to
patients with diabetes. Also the role of ethnigitgy be important to take into account
141, 142

- as most available studies have been done in G@msa Further studies are

needed to address these issues.
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Prognosis

Several recent studies have shown the ability \ar Istiffness, measured using
TE, ' or serum biomarker§® %3 %4g predict clinical decompensation as well as
survival in patients with NAFLD. A meta-analysi¥, based on 17 studies in 7058
patients with chronic liver diseases (mainly relate viral hepatitis), has shown that
baseline liver stiffness, measured using TE, wa®a@ated significantly with risk of
hepatic decompensation (6 studies; RR, 1.07; 95% 1@3-1.11), hepatocellular
carcinoma (9 studies; RR, 1.11; 95% CI, 1.05-1.d8gath (5 studies; RR, 1.22; 95%
Cl, 1.05-1.43), or a composite of these outcomestydies; RR, 1.32; 95% CI, 1.16—
1.51). In a nationwide study (NAHNES cohotff in 11,154 participants (34% with
NAFLD) with a median follow-up of 14.5 years, thosgth a high probability of
advanced fibrosis using APRI (>1.5), NFS (>0.676)FB-4 (>2.67), had a 69%
increase in mortalitgompared to subjects without fibrosis (for NFS: HEg9, 95% CI:
1.09-2.63; for APRI: HR, 1.85, 95% CI: 1.02-3.3a@t FIB-4: HR, 1.66, 95% CI: 0.98-

2.82) after adjustment for other known predictdranortality.

Futuredirections

There is wealth of data that are informing theiclans regarding the utility and
limitations of each of the diagnostic modalitieghe assessment of NAFLD. However,
further advances are needed to refine clinical mament and more accurate
identification of patients at risk of fibrosis pregsion and those who need to be treated
in the setting of a clinical trial without subjeagi them to a liver biopsy evaluation. The
key research priorities in the field are listed Tiable 5. Addressing these gaps in

knowledge would greatly impact the field.
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Recently, efforts concentrating on “omics” approes (lipidomics, proteomics
and metabolomics) using high-throughput technokb&ve shown promising results to
identify novel biomarkers of NAFLD, NASH and advadcfibrosis**®. For instance,
several studies based on lipidomics approaches $lawen circulating oxidized fatty
acids and products of arachidonic acid metabolisnbe predictive of NASH 149
Similarly, proteomics have been used to identifyML® patients with active fibrosis,
by measuring extracellular matrix remodeling rategissue and blood™’. Using a
metabololomic approacfP’, subtypes of NAFLD with specific serum metabolomic
profiles that differentiate steatosis from NASHeach subtype could be identified and
might be used to monitor disease progression aedtifg therapeutic targets for
patients. Finally, omics technologies have beeml digethe profiling of gut microbiota
and identification of fecal-microbiome-derived nggaomic signatures associated with
NASH and fibrosis in several human studi&s '3 It should be stressed however that
these findings rely on small cross-sectional swaigh a lack of external validation. In
addition, the complicated methodology involved imics platforms as well as
reproducibility between centers and stability amgées and high cost prevent thus far
widespread application in clinical practice.

Finally, given the high prevalence of NAFLD in tlgeneral population, non-
invasive tests could be used as screening tootetdify patients with NAFLD at high
risk of progressior®. Recently, several studies have screened systathatior liver
fibrosis, using either serum biomarkérdor TE*****¥the general population or at-risk
populations®® or diabetics or those with a family history of NIAF cirrhosis*
Their results suggest an alarmingly high prevaleoicehronic liver diseases, mainly

related to NAFLD, ranging between 5% and 8% in gleeeral adult population and

between 18% and 27% among individuals with risktdec®®. Thus, screening
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programmes for liver fibrosis in the general popala using TE for identifying
patients with presymptomatic chronic liver diseas@sceptible to interventions should

be further assessed.

Conclusions

Significant progress has been made regarding timeinvasive assessment of
liver disease in patients with NAFLD. Use of nowasive tests should be tailored
according to the setting (primary heath care, dgrtreferral center, trial) and clinical
needs (screening, staging of fibrosis, follow-uRkgarding detection and grading of
steatosis, MRI-PDFF is the most accurate method dpgears better suited for
assessment and follow-up of selected patientsimcal trials whereas conventional
ultrasound and if no steatosis is shown het@€B¥, as a point of care technique, could
be used as triage in large unselected populat®egarding NASH, no highly sensitive
and specific blood tests are available to diffasgat NASH from simple steatosis.
Neither imaging modality can reliably discriminaMASH from simple steatosis,
although MR-based modalities are showing promise. fér the identification of
advanced fibrosis, MRE, TE, as well as FIB-4 andSN&re the most accurate and
validated methods. FIB-4 and NFS are best suitefirgidine tools in primary health
care setting to confidently exclude advanced filsreghereas TE and MRE are more
suited for referral centers to select the patierts require a liver biopsy. Finally, there
Is increasing evidence that serum markers and kd#iness, measured using TE,
accurately identify the subgroup of patients witARLD at a higher risk to reach the

outcome of liver-related complications and deatbflitransplantation.
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Figure1legend. A suggested algorithm for the use of non-invasivetestsfor risk
stratification of patientswith supected NAFLD in clinical practice.

*Suspicion of NAFLD is based on the presence oétstEs on ultrasound or abnormal liver
tests (transaminases/GGT) in patients with riskoiac(Obesity, type 2 diabetes or metabolic
syndrome). Signifcant alcohol consumption and seéapn causes of steatosis should be
excluded.

The proposed algorithm is based upon expert opinide choice of non-invasive tools
should besequentigl guided by local availability and the context afeu in primary health
care setting, simple inexpensive and widely abéalaserum biomarkers, such as FIB-4 or
NAFLD fibrosis score (NFS), with high negative piitve value (88-95%) for ruling-out
advanced fibrosis should be used as first-lineieRts with low risk (FIB-4 < 1.3 or NAFLD
Fibrosis score <-1.455 ; 55 to 58% of cases) dmeetl further assesmeiitiey should be
offered lifestyle modifications and exercidehose with intermediate (FIB-4 = 1.3 to 3.25 or
NFS = -1.455t0 0.672 ; 30% of cases) and high (f$B-4 > 3.25 or NFS > 0.672 ; 12 to
15% of cases, positive predictive value 75-90%)hat’ing advanced fibrosis should be
addressed to a referral center for liver stiffnessasurement (LSM), using transient
elastography (TE), in fasting condition, using Moipe for patients with skin-liver capsule
distance <25mm otherwisaith the XL probe. Patients at low risk of havingvanced
fibrosis (LSM < 8 kPa ; NPV 94-100%) should be ddas for a repeat evaluation within a
year. For those with intermediate (LSM = 8 to Bakor high risk (LSM> 10 kPa, PPV 47-
70%) of having advanced fibrosis should be consdiefor liver biopsy. However,
confounders for liver stiffness should be carefudlycluded to minimize the risk of false
positive results**Also patented serum biomarkers (FibroTest®, Fibeier® or ELF®)
could be considered in patients with intermedi&k according to local availability. In case
of TE failure, alternative such as SWE/ARFI, MRE&tcularly when BMI >35 kg/f) may

be considered according to local avaibility.any case, all patients should be offered Kest
modifications and exercisé\s recommended by recent EASL or AASLD clinicahgiice
guidelines, vitamin E (in non-diabetics) and pitagione may be considered in these patients.
Also patients with cirrhosis should be screeneddesophageal varices and hepatocellular
carcinoma.n those with a liver biopsy, follow-up during ttegent of LSM, using MRE, is
the most promising non-invasive approach but reguurther validation.

Abbreviations: NAFLD, non-alcoholic fatty liver disease; NFS, RRD fibrosis score;
NPV, negative predictive value; PPV, positive pctigle value; TE, transient elastography ;
SWE shearwave elastography ; ARFI acoustic radiafarce Imaging; MRE, magnetic
resonance elastography.
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Castera et al.

Table 1. Available serum biomarkersfor diagnosing steatosisor for staging fibrosisin patientswith NAFLD

Items Platelet AST ALT  aAgr/aLT GGT TG

Index (ref) Age Gender BMI Diabetes count ratio Other components
(n) level level level level
Steatosis
FLI 14 4 X X X Waist circumference
HSI 15 3 X X X -
, A2M, ApoA1l, haptoglobin, T bilirubin, cholesterol,

SteatoTest® 12 X X X X X X and glucose
LAP 16 3 X X Waist circumference
ION 17 3/4 X X X Waist-to-hip ratio (male yes ; female no), and HOMA
NAFLD-LFS 18 4 X X Metabolic syndrome and insulin
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Fibrosis
APR] 161

FIB-4 162

FibroTest®!63

Fibrometre

NAFLD® 164

ELF® 165

Hepacore66

BARD scorel¢7

NFS 168

6

X
X

X
X X X
X X X

X
X X X
X X

X X

X

X X X

X A2M, ApoAl, haptoglobin, and total bilirubin

glucose, ferritin and body weight

Hyaluronic acid, PIIINP and TIMP-1

X A2M, hyaluronic acid and total bilirubin

X Albumin

Abbreviation: FLI: fatty liver index ; HSI : hepatsteatosis index ; LAP : lipid accumulation produi©N : index of NASH ; NAFLD-LFS :NAFLD liverdt score ; NFS :
NAFLD fibrosis score ; A2M : alpha2-macroglobulidPOAL : apolipoprotein Al.
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Table 2. Respective characterigtics, advantages and limitations of the 4 available elastography techniquesfor liver fibrosis staging

Confounders .
. . . Failure 1:11v1dence .
Techniques Performed by Units Steat(.)SlS Quality criteria rate in NAFLD Cost Point-
(range) grading o Studies of-care
(%) atients
Inflammation Obesity Others P
TE Hepatologist kPa Yes Well-defined 3-27 ++ ++ Congestion N=25 $ Yes
trained nurse (2-75) CAP IQR/M <30% XL probe Steatosis? 3862
or technician
MRE Radiologist kPa* Yes Emerging QIBA 0-2 + - Congestion N=6 $$$ No
(2-11) PDFF consensus Iron overload 676
statement
pSWE/ARFI Radiologist or m/sec No Not well-defined 2 +7? +7? Similar to TE? N=8 $$ No
ultrasonographer  (0.5-4.4) limited data limited data limited data 834
Radiologist or kPa ' ” +7? +7? Similar to TE? N=2
2D-SWE ultrasonographer  (2-150) No Not well-defined 137 limited data limited data limited data 447 $$ No

* MR elastography is reported as shear modulusieA#s elastography techniques are reported in Yooodulus. The Young modulus is three times the

shear modulus.
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Table 3. Performances of TE for the diagnosis of advanced fibrosis and cirrhosisin adult patientswith NAFLD, taking liver biopsy asreference

41



Failureor

Patients  Age BMI Scoring Prevalence ) Se Sp :
Authors Year Design Endpoint céifagf AUC unreliable Probe
(n) (yr9)  (Kg/m?) system (%) (%) (%) (%)
Petta 2015 R 179 45+13 29.3+4.1 Kleiner F3-F4 23 7.9/9.6 0.86 85 81 13.0
et al.112 142 44 +12 27.4+3.7 F3-F4 20 79/9.6 0.85 68 86 23.0 M
Cassinotto 2016 P 291 57+12 321+6.0 NASH-CRN-3-F4 43 8.2/125 0.86 90/57 61/90 22.0 M
et al.110
F4 17 9.5/16.1 0.87 92/65 62/90

Tapper 2016 P 164 51+13 32.2* Brunt F3-F4 18 9.9 093 95 77 26.8 M
et al113 F4 NA
Boursier F3-F4 38 8.7 0.83 88 63

2016 R 452 56 +12 311452 NASH-CRN 14.1 M
et al108 B F4 13 - 0.87 - -
Imajo 2016 P 142 57+15 28.1+4.6 Brunt  F3-F4 32 114 0.88 86 84 11.0 M
et al.3® (10 C) F4 8 14.0 0.92 100 76
Petta 2017 R 324 54 +13 - Kleiner F3-F4 35 10.1 086 78 78 - M
et al.1e9
Park 2017 P 104 51+15 30.4+52 NASH-CRN-3-F4 20 7.3 0.80 78 72 - M
et al.3 F4 8 6.9 069 63 66 6.7 XL
Chen 2017 P 111 48* 40.3 Brunt F3-F4 20 7.6 087 84 64 - M
et al.111

F4 10 14.6 092 g2 92 18.7 XL
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Petta
et al.

Siddiqui
et al.45

2017

2018

R

P

761

393

50+13 29.6+4.9 Kleiner F3-F4

51+1134.4+64 NASH-CRN F3-F4
F4

31

32

7.9/9.6

8.6

131

0.86 90/74 65/81

0.83 80 74

0.93 89 86

5.0

XL

P prospective; R retrospective; C controls; Sesisigity; Sp, specificity. * median
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Table 4. Performances of CAP for the diagnosis and grading of steatosisin patientswith NAFLD, taking liver biopsy asreference
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Steatosis

Patients Male Age Diabetes BMI : CAP Failure CAP Se S

Authors Year Design gender (Kg/m?) ztre;;?:gs prevalence Rate AUC Cut-off
(n) (%) (yrs) (%) %) Probe %) OB
Friedrich-Rust 2012 P 57 53 45+ 14 - 28.0£55 =>33% 74 M 19 0.78 245 97 67
sl >66% 46 0.72 301 76 68
Kumar et al#t 2013 P 63 73 37* - 251+20 2=>33% 59 M - 0.79 258 78 73
>66% 11 0.77 283 71 68
Chan et af5 2014 P 105 51 50+11 52 29.4+39 >5% 97 M 4 0.97 263 92 94
>33% 64 0.86 281 97 68
>66% 14 0.75 283 100 53
Karlas et al. 2014 P 50 50 55+9 28 31.1+4.2 >5% 100 M 8 0.93 233 93 87
40 (11 0) >33% 62 0.94 268 97 81
>66% 24 0.82 301 82 76
de Ledinghen 2016 R 261 59 56 + 12 59 30.2%5.1 >33% 72 M 24 0.80 310 79 71
etal. 37 >66% 32 0.66 311 87 47
Imajo etal?® 2016 P 142 57 57 +£15 50 28.1+4.6 >5% 83 M 11 0.88 236 82 91
(10C) >33% 58 0.73 270 78 80
>66% 17 0.70 302 64 74
Park et al#3 2017 P 104 43 51+15 28 30452 >5% 91 M - 0.85 261 72 86
>33% 43 XL 6.7 0.70 305 63 69

45



Runge et al#* 2017 P 55 73 52* - 27.8*
Chan et al36 2017 R 57 49 50+ 10 - 30.2+5.0
(22 C)
Naveau et a#2 2017 R 194 22 41 +01 18 44.0+0.4
P 123 26 40 + 01 22 440+0.6
Siddiqui 2018 P 393 32 51+11 43 34.4+6.4
etal.4s

>66%
>5%
>33%
>66%
>5%
>33%
>66%
>5%
>33%
>66%
>5%
>33%
>66%
>5%
>33%

>66%

15
91
47
16
98
76
26
85
59
39
81
58
37
95
57

27

XL

XL

XL

XL

5.0

0.73
0.77
0.78
0.78
0.94
0.80
0.69
0.85
0.59
0.39
0.81
0.58
0.37
0.76
0.70

0.58

312
260
296
334
260
266
267
308
335
341
298
303
326
285
311
306

64
90
92
78
91
91

100
68
65
74
78
90
83
80
77
80

70
60
55
76
87
87
47
69
79
74
83
69
71
77
57

40

P prospective; R retrospective; C controls; Sesitigity; Sp, specificity. * median
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Table5. Research prioritiesand unmet needsin thefield

* Cut-point for each modality with the context of use needs to be determined (e.g. screening in primary care or screening in a diabetes clinic)
» Validation of quality criteria for each modality

* Cost-effectiveness of sequential use of clinical prediction rules (e.g. FIB-4) followed by TE/SWE/ARFI followed by MRE

* C(Clinically meaningful increase/decrease in liver stiffness that is linked to a clinical outcome in NAFLD

* C(linically meaningful increase in liver stiffness that is associated with a one stage increase in liver fibrosis

* C(linically meaningful decrease in liver stiffness that is associated with a one-stage decrease in liver fibrosis

*  Cut-point for liver stiffness for each modality that is associated with a need to treat varices in patients with NAFLD

*  C(Clinically meaningful decrease in liver stiffness that is linked to a clinical outcome in NAFLD

* Doesreduction in liver stiffness in cirrhosis is associated with reduction in the risk of liver decompensation despite no change in fibrosis stage
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Patients with suspected NAFLD*

1¢t line: primary health care Search for other causes
of liver disease

(alcohol, HBV, HCV)

Rule-out/in advanced fibrosis
FIB-4 or NAFLD fibrosis score

v v

FIB-4<1.3 FIB-4=1.3
NFS < -1.455 NFS =-1.455

’ Low risk I Intermediate to

high risk

2" line: referral center

Y

Rule-out/in advanced fibrosis Failure (XL probe)

Transient elastography 3.0%—6.7%

Attempt lifestyle

modifications
and exercise [ ) + + Consider MRE, 2D
o SWE, or ARFI
¥ LSM <8 kPa LSM = 8 kPa Secoriing o
local availabilit
No further \A \/ Y
assessment, l Low risk | Intermediate to
repeat evaluation high risk**
at 1 year?

Consider liver
biopsy
|
Attempt lifestyle modifications

and exercise
Vitamin E / pioglitazone?

v v ¥
Consider repeat Eligible for Screen for OV and
evaluation (1 year) therapeutic trial? HCC if cirrhosis

Monitoring with
MRE?






