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Goals and Background: A panel of 9 experts in nonalcoholic stea-
tohepatitis gathered to assess multiple components of the diagnostic
process.

Materials and Methods: The Clinical Assertion Statements covered
screening of patients with type 2 diabetes for high-risk nonalcoholic
fatty liver disease, which—if any—noninvasive tests could deter-
mine whether to delay or defer biopsy, whether primary care pro-
viders and endocrinologists should routinely calculate Fibrosis-4
(FIB-4) scores in patients with nonalcoholic fatty liver disease or
those at risk for it, optimal noninvasive tests to stage fibrosis, the
need to consider fibrosis in patients with normal transaminase lev-
els, periodic monitoring for progressive fibrosis, whether patients
should undergo biopsy before pharmacotherapy, and the clinical
utility of genetic testing.

Results and Conclusions: Evidence was presented to support or
refute each Clinical Assertion Statement; the panel voted on the
nature of the evidence, level of support, and level of agreement with

each Statement. Panel level of agreement and rationale of each
Clinical Assertion Statement are reported here.
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D uring the past few decades, the prevalence of non-
alcoholic fatty liver disease (NAFLD) has increased

dramatically and globally.1–4 It is important to recognize that
NAFLD is an umbrella term that encompasses nonalcoholic
steatohepatitis (NASH), as well as non-NASH NAFLD
subtypes.2,5 Current evidence suggests that fibrosis stage is the
most important predictor of adverse clinical outcomes and is
associated with patient-reported negative outcomes.4,6,7 In
fact, patients with NAFLD and stage >2 fibrosis should be
considered as having high-risk NAFLD.4,6,7

In the United States, NASH is the second leading indi-
cation for liver transplantation overall, and the most common
indication among women and persons over 65 years of age.8–10

In addition, NASH is among the top causes of hepatocellular
carcinoma (HCC) and cirrhosis.11,12 To predict potential out-
comes and identify cases that may benefit from intervention,
early diagnosis of high-risk NAFLD is paramount.

Currently, liver biopsy is considered the gold standard for
identifying steatohepatitis and hepatic fibrosis stage.13,14

However, liver biopsy is limited by its invasiveness, sampling
issues, and interobserver variability.13 To address these draw-
backs and facilitate the early identification of high-risk
NAFLD, a number of noninvasive tests (NITs) have been
developed. In this context, most NITs for NASH have not been
fully validated. In contrast, most of the efforts have focused on
NITs for fibrosis, which fall into 3 categories: (1) clinical tools
that combine routine laboratory tests and clinical parameters to
calculate a risk score, such as the Fibrosis-4 index (FIB-4),
NAFLD Fibrosis Score (NFS), and aspartate aminotransferase
(AST) to platelet index (APRI); (2) imaging modalities that
measure liver stiffness, the most frequently used being transient
elastography (TE); and (3) blood-based biomarkers of hepatic
fibrosis, such as the Enhanced Liver Fibrosis (ELF) Test.7,15–20

Patients’ clinical profiles in combination with NITs may
also be helpful. Notably, patients with type 2 diabetes (T2D)
are at high risk for NAFLD-related disease progression.21,22

Further, the risk of advanced fibrosis and mortality increases
with the number of metabolic syndrome (MetS) components
present.23–25 Using NITs plus the patient’s clinical profiles will
not only help establish NAFLD-related prognosis but also
guide potential treatment and management options.
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MATERIALS AND METHODS
In this review, evidence supporting the role of NITs

and genetic testing in the diagnosis of NASH and advanced
fibrosis was assessed. An international panel of NASH
experts, including 8 hepatologists and 1 endocrinologist with
many years of clinical experience and numerous pub-
lications on this topic, convened to summarize the evidence
related to a series of 7 Clinical Assertion Statements devel-
oped by the forum chairs (I.M.J., Z.M.Y.). The statements
were developed based on everyday diagnostic and manage-
ment decisions that clinicians must make in their practices.
Each expert was tasked with performing a literature search
to identify evidence supporting their assigned Statement(s).
Individual search methodology was included in each
expert’s presentation, detailing search terms used on
PubMed, number of publications, and publication sorting
method. After each statement-specific presentation, panel
members deliberated the merits of the evidence, voted on the
level of support provided by the peer-reviewed literature,
and determined the level of acceptance (Table 1). The final
review summarized the panel’s consensus on the level of
acceptance of each Clinical Assertion Statement.

RESULTS

Statement 1A: All Adults With T2D Should Be
Screened for NAFLD

T2D is strongly associated with both the development
and severity of NAFLD. In a systematic review and meta-
analysis of 80 studies, the pooled prevalence of NAFLD
among patients with T2D was 55.5%, with 37.3% and 17.0%
having NASH and advanced fibrosis, respectively.1 In a
recent global review, prevalence rates for NAFLD in T2D
were as high as 67% to 70% in studies from West Asia,
Europe, and the United States.3 T2D is also a major risk
factor for decompensated cirrhosis and HCC in patients
with NAFLD.26

Several studies have demonstrated the feasibility of
nonspecialist screening for NAFLD and liver fibrosis in
patients with T2D using serum tests or TE.22,27,28 Data on
periodic liver assessment in patients with T2D are scarce.
In one study, however, 611 patients with T2D underwent
paired TE examination separated by 3 years.29 Incident
NAFLD (controlled attenuation parameter increasing to
≥ 248 dB/m) and advanced liver disease (liver stiffness
≥ 10 kPa) developed in 52% and 4.3%, respectively.

Any screening program is meaningful only if early
detection of the disease can translate into effective treat-
ments and improved clinical outcomes. In this regard,
screening for NAFLD with fibrosis—rather than NAFLD
itself—would be most impactful on the management of
patients with T2D beyond considerations of lifestyle inter-
ventions that apply across the spectrum of NAFLD. In fact,
one can assume that the vast majority of patients with T2D
have NAFLD, and screening for NAFLD will not be
meaningful. In contrast, identifying NAFLD with fibrosis
through screening can provide important prognostic infor-
mation. Specifically, moderate to advanced fibrosis is gen-
erally considered to warrant consideration of pharmaco-
logical therapy targeting the liver disease itself (F2-F4),
while advanced fibrosis (F4 and, on an individualized basis,
F3) requires screening for HCC. In a cost-utility analysis,
screening for fibrotic NAFLD using ultrasonography plus
liver enzymes followed by TE and intensive lifestyle inter-
vention in patients with T2D appears to be cost-effective in
the United States, compared with no screening.30

While the panel agreed that there is substantial value in
screening for advanced hepatic fibrosis in patients at risk of
NAFLD, a recommendation to screen all patients with T2D
for NAFLD was rejected. The rationale was that the
majority of patients with T2D have NAFLD, and the
comorbid diagnosis on its own does not currently affect
treatment decisions. The nature of the evidence was deemed
moderate. Half of the panel felt there was fair evidence to
support the statement, whereas other members’ positions
ranged from poor evidence to support the statement to good
evidence to reject the statement.

Statement 1B: Primary Care Providers (PCPs) and
Endocrinologists Should Routinely Calculate FIB-4
in Patients With NAFLD and Those Who Are at
Significant Risk for NAFLD (eg, Patients With
T2D) and Refer Those With FIB-4 >1.3 for
Specialty Evaluation

FIB-4 is a validated NIT for liver fibrosis that takes
into consideration age, platelet count, and AST and alanine
aminotransferase (ALT) levels.31 It can be calculated using
online calculators or mobile apps. Despite FIB-4 being
inferior to TE when assessing for advanced fibrosis, head-to-
head cross-sectional comparisons demonstrated it to be
more accurate than other generic serum-based fibrosis
scores, such as APRI and NFS.32,33 In a meta-analysis
comparing different NITs, FIB-4 had an area under the

TABLE 1. Grading Criteria for Clinical Assertion Statements

Nature of Evidence Level of Support Level of Acceptance

High: Meta-analysis, > 1 well-designed clinical
trial, or systematic review

A: There is good evidence to support the statement A: Accept recommendation
completely

Moderate: ≥ 1 clinical trial or well-designed
cohort or case-controlled study

B: There is fair evidence to support the statement B: Accept recommendation with
some reservations

Low: Case reports, case series, or flawed clinical
trial

C: There is poor evidence to support the statement,
but recommendations may be made on other
grounds

C: Accept recommendation with
major reservations

Very low: Expert opinion, no direct research
evidence (such as only descriptive studies or
reports of expert committees)

D: There is fair evidence to reject the statement D: Reject recommendation with
reservations

E: There is good evidence to reject the statement E: Reject recommendation
completely
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receiver operating characteristic curve (AUROC) of 0.84 for
the diagnosis of advanced fibrosis (F3 and F4).34

In the general population, FIB-4 has > 95% negative
predictive value (NPV) for excluding future development of
cirrhosis, hepatic decompensation, HCC, and liver-related
death.35,36 When measured repeatedly, individuals whose
FIB-4 is persistently <1.3 have the lowest risk of liver-
related morbidity and mortality.36 As for all diagnostic tests,
the positive predictive value (PPV) of FIB-4 is dependent on
the regional prevalence of advanced fibrosis. FIB-4 is more
likely to yield false-positive results when applied to patients
without fatty liver, those with normal ALT levels, and those
above 65 years of age.37,38 A lower cutoff of 2.0 improves
the specificity of FIB-4 in patients above 65 years of age
without affecting sensitivity.38

Only a few studies have evaluated the use of FIB-4
within a clinical care pathway. In 1 example, PCPs in 2
clinical commissioning groups in the United Kingdom per-
formed initial FIB-4 testing for patients with NAFLD.39

Patients with FIB-4 <1.3 (71% of 1452 patients) were con-
sidered low risk and continued to receive primary care
management. Those with FIB-4 > 3.25 (3%) were referred
to hepatologists. Patients with FIB-4 between 1.3 and 3.25
(26%) had an ELF panel performed for further character-
ization. Compared with standard-of-care data, this pathway
reduced unnecessary referrals by 81% and increased the
detection of advanced fibrosis and cirrhosis by 5- and 3-fold,
respectively.

Overall, the panel accepted the statement that PCPs
and endocrinologists should routinely calculate FIB-4 in
patients with or at risk for NAFLD and refer those with

FIB-4 > 1.3 for further evaluation. Some members of the
panel, however, voted to accept the statement with reser-
vations. There was fair to good evidence to support the
statement, and the panel felt the nature of the evidence was
at least moderate. The general acceptance of Statement 1B
by the panel is consistent with the emphasis in the discussion
of Statement 1A on not screening for NAFLD alone but,
rather, on screening for fibrotic NAFLD as an initial step.
Here, the panel takes the issue of screening for fibrosis a step
further by recommending the widespread use of FIB-4. In
light of the absence of any cost, immediate accessibility, and
acceptable accuracy, FIB-4 can be readily applied in pri-
mary care and other nonspecialist settings to identify
patients with or at risk for advanced fibrosis. The emphasis
on advocating FIB-4 for widespread adoption in this and
the prior statement is complementary to the appropriate use
of imaging to identify NAFLD or other hepatobiliary dis-
eases and the use of serologic tests to evaluate patients with
elevated liver enzymes. The subsequent decision to refer or
arrange additional testing should depend on the specific
healthcare setting and the availability of different tests and
specialty resources (Table 2).

Statement 2: In Patients With NAFLD and TE
Results Predicting F3-F4 Fibrosis, an Alternative
Noninvasive Approach Predicting F3-F4 Fibrosis
Justifies Deferral of Liver Biopsy

Because the fibrosis stage is the main predictor of long-
term outcomes, identifying NAFLD patients with advanced
fibrosis is critical as they are at the highest risk of compli-
cations and death.6,41,42 Given the extremely high number of

TABLE 2. The Wilson and Jungner Classic Screening Criteria and the Case for NAFLD Screening in Patients With T2D40

Factors Criteria Does NAFLD Meet the Criteria?

Disease The condition sought should be an important health
problem

Yes. NAFLD affects at least 50% of patients with T2D and is
an important cause of cirrhosis and HCC

There should be a recognized latent or early
symptomatic stage

Yes. it takes years or decades before NASH progresses to
cirrhosis, hepatic decompensation, and HCC

The natural history of the condition, including
development from latent to declared disease, should
be adequately understood

Maybe. Although the natural history of NAFLD is well
defined, the progression rate is highly variable, and some
patients may have regression of disease. The prediction of
disease progression is inaccurate

Setting Facilities for diagnosis and treatment should be
available

Maybe. Many hepatology clinics can provide adequate
diagnosis and treatment for NAFLD, but the majority of
patients are in primary care and nonspecialist settings. The
clinical care pathway is ill-defined in most regions

Diagnosis There should be a suitable test or examination Yes. NITs for hepatic steatosis and advanced fibrosis are
available and extensively evaluated

The test should be acceptable to the population Yes. NITs have been tested in various settings, and
acceptability does not appear to be an issue

Case finding should be a continuing process and not a
“once-and-for-all” project

Maybe. Few studies have examined the serial use of NITs in a
longitudinal manner

Treatment There should be an accepted treatment for patients with
recognized disease

Yes. Lifestyle modification is effective in improving NASH and
liver fibrosis. Current guidelines support the use of vitamin E
and/or pioglitazone in selected patients with NASH

There should be an agreed policy on whom to treat Yes. Regulators and expert panels agree that patients with
NASH and advanced fibrosis should be prioritized for
treatment

Cost-effectiveness The cost of case finding should be economically
balanced in relation to possible expenditure on
medical care as a whole

Maybe. A few studies suggest that case finding is cost-effective,
but this is region-specific and context-specific

HCC indicates hepatocellular carcinoma; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; NIT, noninvasive test; T2D, type 2
diabetes.
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at-risk patients, liver biopsy in all patients with NAFLD is
unsuitable. NITs are now widely used to risk-stratify
NAFLD patients—namely, ruling out/ruling in advanced
fibrosis/cirrhosis.20,43 TE (eg, FibroScan) is the most widely
available imaging-based NIT with the largest amount of
data on NAFLD.43 In a recent meta-analysis, TE had good
diagnostic accuracy for advanced fibrosis (AUROC: 0.88
with medium probe and 0.85 with extra-large probe) and for
cirrhosis (AUROC: 0.92 with medium probe and 0.94 with
extra-large probe).34 In a recent (individual) patient data
meta-analysis (N= 230), TE was outperformed by magnetic
resonance elastography (MRE) for detecting advanced fib-
rosis (AUROC 0.84 vs. 0.93, respectively, P= 0.001).18

However, given its cost and limited availability, MRE is not
suitable for routine use in clinical practice.

TE is better at ruling out than ruling in advanced
fibrosis. For instance, at a cutoff value of 8 kPa, TE has NPV/
sensitivities > 90% but suboptimal PPV/specificities (< 70%),
resulting in false-positive results in 30% to 40% of cases
(Fig. 1).44,45 The high NPV of TE is particularly important in
facilitating the ability of PCPs to identify patients not
requiring specialty referral.

A dual cutoff strategy with a lower cutoff maximizing
sensitivity and a higher cutoff maximizing specificity has
been refined recently for NAFLD.46 In a large, individual-
patient meta-analysis based on real-world data in 5648
patients with chronic liver disease, an 8 kPa cutoff had 93%
sensitivity to rule out advanced fibrosis, while a 12 kPa
cutoff had 88% specificity for ruling in advanced fibrosis in
patients with NAFLD (n= 1073).47 However, this was at the
expense of a significant number of unclassified patients (25%
to 30%) falling between the 2 cutoffs in whom a liver biopsy
would be necessary.47 In actual practice, a commonly used
inflection point for considering liver biopsy by the panelists
is 8.0 to 8.5 kPa, but decisions should be individualized
based on such factors as diagnostic uncertainty (eg, the need
to exclude alternative liver diseases) or consideration of
pharmacological treatment, including potential enrollment
in clinical trials.

Strategies combining TE with additional NITs have
been proposed to decrease the number of unclassified
patients and the need for liver biopsy.48,49 Petta et al49

demonstrated in a study of 741 patients with biopsy-proven
NAFLD that TE paired with NFS or FIB-4 strongly
reduced the likelihood of wrongly classified patients (to as
low as 2.7% to 2.6%), but at the price of a high uncertainty
area (ranging from 54.1% to 58.2%) and a low overall
accuracy (ranging from 43% to 39.1%).

Overall, the panel disagreed with the recommendation
to defer liver biopsy in patients with TE results predicting
advanced fibrosis (either by rejecting the statement outright
or accepting it with reservations), because of the suboptimal
PPV with TE. The majority felt the nature of the evidence
was moderate and that there was fair evidence to support
the statement, or that there was poor evidence, but recom-
mendations could be made on other grounds. Providing a
specific cutoff value for TE may improve the precision of the
statement, but TE results alone are not sufficient to defer
liver biopsy. If a widely available and low-cost NIT, or
combination of tests, were to attain a higher positive pre-
dictive value than TE, this question could be reconsidered.
In addition, the finding in a patient with a TE score of
F3-F4 accompanied by overt evidence of cirrhosis, such as
cirrhotic morphology on imaging accompanied by signs of
portal hypertension by laboratory criteria or imaging, could
obviate the need for biopsy. The panel suggested replacing
“alternative NITs” with “additional NITs” to improve this
diagnostic approach.

Statement 3: The ELF Test Could Provide an
Alternative to TE to Estimate Fibrosis Stage in
NAFLD

In general, NITs do not accurately discriminate
between stepwise fibrosis stages. Most aim to differentiate
between mild (F0-F2) versus advanced (F3-F4) fibrosis/cir-
rhosis. Because the fibrosis stage is predictive of long-term
outcomes, NITs that detect advanced fibrosis/cirrhosis
(including FIB-4, ELF, and TE) provide both diagnostic
and prognostic information.15,50–52 Blood-based biomarkers
of fibrosis may be indirect calculations (eg, FIB-4, NFS) or
directly detected circulating by-products of collagen turn-
over (eg, ELF test).

The ELF test comprises 3 markers of collagen turn-
over: procollagen III N-terminal peptide, hyaluronic acid,
and tissue inhibitor of metalloproteinase 1. In a cohort of 192
NAFLD patients, ELF achieved an AUROC of 0.93 (0.88
to 0.98) compared with 0.89 (0.81 to 0.97) for NFS in the
detection of advanced fibrosis (F3-F4).53 However, ELF
exhibited higher NPV than PPV. The most comprehensive
analysis of ELF performance is a large-scale meta-analysis
that included > 4500 NAFLD cases.16 This study assessed
ELF’s sensitivity/specificity and performance characteristics
across a range of disease-prevalence scenarios using several
previously published ELF thresholds (Table 3). Lower cut-
offs exhibited high sensitivity but limited specificity. In
contrast, the diagnostic performance of the ELF test at

2 75

kPa8.6-9.7

Youden
index

6.5-7.1

Sensitivity
= 90%

12.1-14.1

Specificity
= 90%
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= 90%
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81%-89%
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74%-80%
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71%-74%
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FIGURE 1. The negative predictive value (NPV) is better than the positive predictive value (PPV) for transient elastography (TE).44,45
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higher thresholds was found to be limited in low-prevalence
settings. Thus, clinicians should carefully consider the pre-
test probability in their practice setting, as this will
substantially affect the test’s utility.16

Adopting an “intention to diagnose” approach in the
clinical practice setting, the performance of TE and ELFwere
considered broadly comparable despite ELF exhibiting lower
sensitivity but higher specificity.54 In 186 NAFLD patients, a
TE threshold of 9.7 kPa had a sensitivity/specificity of 91%/
65%, whereas an ELF threshold of 9.8 had a sensitivity/spe-
cificity of 72%/90% for detecting F3-F4 fibrosis.54 Available
evidence suggests that ELF performance is improved if used
as a second-line test within a sequential testing strategy to
increase pretest probability.39,48 A direct comparison of FIB-
4+TE versus FIB-4+ ELF in the STELLAR trial demon-
strated a sensitivity/specificity of 77%/89% versus 69%/92%,
respectively for advanced fibrosis, again with ELF exhibiting
lower sensitivity but marginally higher specificity.48 Real-
world data from a sequential FIB-4+ELF care pathway
demonstrated reduced referral of mild disease.39

Overall, the panel’s consensus was to accept the
statement that ELF could be an alternative to TE, although
with clear reservations, as the performances of these tests
are similar but not entirely equivalent and real-world head-
to-head data were lacking. The panel felt the nature of the
evidence was moderate to high, with most feeling the level
of support in the peer-reviewed literature was fair to poor,
but recommendations could be made on other grounds. A

number of other novel diagnostics were considered
potentially viable alternatives to TE given sufficient evi-
dence and regulatory approval [eg, NIS455 (a panel testing
for miR-34a-5p, YKL-40, alpha2-macroglobulin, and
hemoglobin A1c combined] or panels incorporating N-ter-
minal propeptide of type III collagen (PRO-C3)56,57]. Other
important reservations focused on the impact of pretest
probability on ELF performance—meaning that ELF’s
performance, if used as a single test to positively identify
cases with advanced fibrosis in a low-prevalence primary
care setting—would not exceed 50% and was likely to be
<25% (Table 3). While this may be the case for most bio-
markers, the panel questioned whether the marginal per-
formance benefits beyond such inexpensive tests such as
FIB-4 were sufficient to advocate for wide adoption of ELF
and whether the test was as convenient as a point-of-care
test (eg, TE) that can give an immediate result. The general
consensus was that ELF may have a place as a second-
line test following use of FIB-4, but further data are
required.

Statement 4: NASH Should Be Confirmed by Liver
Biopsy Before Initiating Pharmacological Therapy
in NAFLD

In response to the difficulties in using liver biopsy to
confirm NASH, new data have shifted the focus toward
NASH patients with stage 2 and higher fibrosis. These are
stages that correlate with disease morbidity and mortality
and potential candidacy for targeted therapies.42,58,59 The
2018 AASLD Guidance recommended that pharmaco-
logical therapy should be predicated upon the finding of F2
fibrosis or greater on liver biopsy.13

Recent research has focused on identifying patients
with NASH+NAFLD Activity Score (NAS) ≥ 4+≥F2,
primarily to replace biopsy, which is currently required for
clinical trials.60 One promising NIT is the FibroScan-AST
(FAST) score, which combines the controlled attenuation
parameter score and stiffness assessed by TE with AST.61 In
the derivative/validation cohorts study, the test performed
well, with AUROC of ~0.80 and 2 author-determined cut-
offs: the first (≤ 0.35) to rule out NASH+NAS ≥ 4+≥F2
and the other (≥ 0.67) to rule in NASH+NAS≥ 4+≥F2.62

Greater than 30% of patients fell into the indeterminate
zone.62 Nevertheless, the test is a promising alternative to
liver biopsy for determining which NASH patients should
be started on therapy.

Similarly, use of NIS4 was tested in a phase 2 NASH
clinical trial cohort and validated in external cohorts.55

NIS4 achieved an AUROC of ~0.80 and, similarly, had 2
cutoffs to rule in or rule out NASH+NAS ≥ 4+≥F2. In
addition, some patients’ NIS4 scores fell in the indetermi-
nate zone (~30%).

It is plausible that one of these tests could be used to
identify patients who are candidates for therapy, or that
tests such as TE or ELF could be used, especially in a
combination or sequential approach.48 The panel felt that it
is reasonable to initiate NASH therapies based on these
approaches, especially in individuals at high risk of NASH-
associated fibrosis. It should be noted, however, that many
biomarkers have shown to correlate with histologic
improvement (eg, ALT decline), steatosis/steatohepatitis [eg,
magnetic resonance imaging (MRI)-estimated proton-den-
sity fat fraction changes], and fibrosis (eg, 25% reduction of
stiffness on TE). Further, multiparametric (cT1) MRI is
useful to assess steatohepatitis changes.63 Given the

TABLE 3. Meta-analysis Assessing Performance of ELF Across a
Range of Disease Prevalence Scenarios16

Cutoff Sensitivity Specificity Prevalence PPV NPV

7.70 0.93 0.34 0.05 0.07 0.99
0.10 0.14 0.98
0.20 0.26 0.95
0.30 0.38 0.92
0.40 0.49 0.88
0.50 0.59 0.83

9.80 0.65 0.86 0.05 0.20 0.98
0.10 0.34 0.96
0.20 0.54 0.91
0.30 0.66 0.85
0.40 0.75 0.79
0.50 0.82 0.71

10.51 0.51 0.93 0.05 0.26 0.97
0.10 0.43 0.94
0.20 0.63 0.88
0.30 0.75 0.81
0.40 0.82 0.74
0.50 0.87 0.65

11.30 0.36 0.96 0.05 0.34 0.97
0.10 0.52 0.93
0.20 0.71 0.86
0.30 0.81 0.78
0.40 0.87 0.69
0.50 0.91 0.60

Bold numbers represent predictive values > 0.80.
Adapted from Vali et al.16 Please see Creative Commons license: https://

creativecommons.org/licenses/by-nc-nd/4.0/. Adaptations are themselves
works protected by copyright. So in order to publish this adaptation,
authorization must be obtained both from the owner of the copyright in the
original work and from the owner of copyright in the translation or
adaptation.

ELF indicates Enhanced Liver Fibrosis Test; NPV, negative predictive
value; PPV, positive predictive value.
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correlation of histology with clinical liver events, there is
growing evidence that NITs can also predict clinical liver
events, thus strengthening the rationale for use of NITs to
determine the initiation of NASH therapies.50,64–66

Overall, panel members voted to reject the statement
that NASH should be confirmed via liver biopsy before
initiating pharmacological therapy in NAFLD, but some
thought the statement could be accepted with major reser-
vations. The panel felt that the level of support in the peer-
reviewed literature was poor, but there may be other
grounds for making a recommendation. The panel agreed
that the nature of evidence for the statement was moderate.
The panel took into account the present armamentarium of
off-label agents being used for NASH and felt that biopsy is
not necessary in every case. The panel also recognized that
targeted agents currently in clinical trials may require liver
biopsy following regulatory approval, given that their
ongoing clinical trials are based on histologic inclusion cri-
teria and endpoints. There was consensus that use of NITs
to determine therapy initiation was reasonable in high-risk
patients, such as those with T2D, especially if a “best
practice approach” is used (Fig. 2).

Statement 5: In Patients With NAFLD and
Metabolic Risks, Presence of Hepatic Fibrosis
Should Be Considered Regardless of Level of
Transaminase Elevation

This statement targets PCPs, who often do not consider
the risk of hepatic fibrosis in patients with NAFLD and
metabolic risk factors, particularly in those with normal
transaminases.67 “Consideration of hepatic fibrosis” may
include diagnostic efforts and interventions or eventual
referral to a specialist. The statement may challenge deep-
rooted PCP-referral patterns that rely heavily on trans-
aminase elevation. Emerging literature suggests that an
approach based on transaminase elevation likely will miss
many patients with NASH and clinically significant fibrosis
(≥F2)—stages that correlate with adverse liver outcomes.42

While organizations’ guidelines agree that patients with
NAFLD, cardiometabolic risk factors, and elevated trans-
aminases should be evaluated for hepatic fibrosis, dis-
agreement exists on how to proceed if transaminases are
“normal” in the presence of the other 2 variables. Various
guidelines recommend for68,69 and against13,70 routine

screening for NAFLD in high-risk groups. The American
Association for the Study of Liver Diseases (AASLD) rec-
ommends a “high index of suspicion for NAFLD and
NASH in patients with T2D,” while other guidelines rec-
ommend that clinicians “consider” screening high-risk
individuals (age above 50 y, T2D, or MetS).68,71 The
American Diabetes Association suggests that patients with
prediabetes or T2D and elevated ALT or NAFLD per
ultrasound “should be evaluated” for steatohepatitis and
liver fibrosis.72

New evidence may have the potential to unify guide-
lines on screening patients with NAFLD and car-
diometabolic risks for clinically significant fibrosis (≥F2),
regardless of transaminase levels. In recent studies,
advanced fibrosis in high-risk populations has ranged from
3% to 10% using FIB-4 or NFS28,73,74 and from 6% to 18%
by liver stiffness measure using TE27,75,76 or MRE.77 Mean
ALT and AST levels in those with advanced fibrosis were
between 20 and 30 IU/L, with only a minority of individuals
having elevated transaminases (≤ 20%). As most earlier
studies were performed in Southeast Asia,27,73,75,76 it has
been unclear until recently whether the absence of trans-
aminase elevation represented racial/ethnic differences or
less-severe metabolic disease compared with Western pop-
ulations. However, similar results have emerged in recent
studies from Europe78,79 and the United States.22,74,80,81

Portillo-Sanchez et al80 reported hepatic fibrosis prevalence
of 56% among 103 patients with T2D who underwent liver
biopsy (mean ALT and AST levels were 28 and 23 IU/L,
respectively). In another recent study that screened for
advanced fibrosis using TE in 825 adults with T2D, the
mean plasma aminotransferases were not elevated in those
with either F3 (ALT 29 IU/L, AST 26 IU/L) or F4 (ALT
35 IU/L, AST 33 IU/L).81 Finally, Lomonaco et al22

employed TE to screen 561 patients with T2D while
attending their routine general medicine, family medicine, or
endocrinology clinic appointments. About 1 in 6 patients
had clinically significant fibrosis (≥F2), and 9% had F3 to
F4 advanced fibrosis, but only 28% of those with fibrosis
had elevated plasma AST or ALT. A confirmatory liver
biopsy was done in about one third of the patients.

Clinically, these studies imply that if about 10% of
adults with T2D have ≥F3 fibrosis, universal screening of
the estimated 30 million adults with T2D in the United
States would identify about 3 million cases of advanced

FIGURE 2. An algorithm for fibrosis assessment and monitoring based on discussion of the Clinical Assertion Statements. ELF indicates
Enhanced Liver Fibrosis Test; FAST, FibroScan-AST; FIB-4, Fibrosis-4; MRE, magnetic resonance elastography; NAFLD, nonalcoholic fatty
liver disease; NIT, noninvasive test; NFS, NAFLD Fibrosis Score; T2D, type 2 diabetes TE, transient elastography.
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fibrosis or cirrhosis, many of whom are without elevated
aminotransferases. Screening of adults with T2D would also
be supported by a recent study that suggests screening fol-
lowed by 1 year of lifestyle modification or pioglitazone
treatment was cost-effective in preventing future end-stage
liver disease.30 There is greater uncertainty for patients with
NAFLD and obesity without T2D, where the prevalence of
hepatic steatosis and fibrosis is lower.1,26,42,82–84 Recently,
Barb et al74 examined 3841 adults from the National Health
and Nutrition Examination Survey (NHANES) 2015-2016
database and concluded that steatosis was primarily driven
by obesity, while diabetes doubled the risk of advanced
fibrosis. Screening by ALT and AST levels (ie, rather than
by FIB-4) would have failed to identify most of those at risk
of clinically significant fibrosis.

Overall, there was a split in the panel’s level of
acceptance of the statement that in patients with NAFLD
and metabolic risks the presence of hepatic fibrosis should
be considered regardless of level of transaminase elevation.
Some accepted the recommendation completely or with
some reservations, while some rejected it with reservations.
Two third of the panel members considered the nature of
evidence to support the statement of moderate quality.

Considerations that weighed in the discussion were: (1)
a need to refine the best screening approach; (2) adoption of
evidence-based lower transaminase cutoffs to improve case
finding and minimize workload and costs; and (3) estab-
lishment of a cost-effective treatment strategy. Overall, there
was a strong(er) rationale to screen for hepatic fibrosis
regardless of transaminase levels in patients with T2D and
NAFLD than in patients with obesity in the absence of
diabetes.

Statement 6: All Patients With NAFLD Should
Undergo NIT Every 2 Years to Assess for
Progressive Fibrosis

Disease progression is heterogenous, nonlinear, and
dependent on disease activity and fibrosis severity.6,85 Using
a Markov model to forecast the incidence of NAFLD
progression between 2015 and 2030, it has been suggested
that the incidence of decompensated cirrhosis and liver
deaths will increase by 168% and 178%, respectively, over
this 15-year period.86 Thus, it is reasonable to determine a
testing strategy to identify those patients at greatest risk of
disease progression.

A meta-analysis of patients with NAFLD (nonalcoholic
fatty liver or NASH) demonstrated that the timeframe for a
1-stage progression in fibrosis was roughly 14.3 years. This was
compared with 7.1 years for those with biopsy-confirmed
NASH.87 In both analyses, ∼20% of patients were found to be
rapid progressors as defined by fibrosis progression from stage 0
to stage 3 or 4 over the period of the study. The most important
clinical predictors of progression were hypertension and the
AST/ALT ratio. Other studies have shown that T2D is an
independent predictor of advanced liver disease, and fibrosis
progression may occur in as short as 18 months.88,89 Among a
large German NAFLD population, cardiovascular disease,
T2D, hypertension, obesity, and renal impairment were all
independently predictive of mortality.90

Fibrosis progression over time can be assessed non-
invasively. Data from a retrospective analysis of 292
patients with paired liver biopsies demonstrated that APRI,
FIB-4, and NFS were significantly associated with changes
in collagen deposition.91 More recently, data from > 2000
patients with biopsy-proven stage 3 or 4 NASH showed that

increases in NIT values (eg, FIB-4, ELF, NFS) are asso-
ciated with increased risks of both histologic and clinical
disease progression, with some of these increases in NIT
values occurring within 12 months.52 Elastography (TE,
MRE) and MRI-based imaging modalities (including mul-
tiparametric MRI) also are predictive of long-term patient
outcomes.64,92 In the case of multiparametric MRI, changes
may be seen as early as 20 months.92

Sequential testing combining a serologic test with an
imaging test is likely to minimize indeterminate cases and
improve diagnostic accuracy. A recent study at 2 primary
care clinics in Northeast England evaluated sequential
testing with FIB-4 followed by TE in > 400 patients (more
than 35 y of age) with T2D.93 This 2-tier NIT strategy led to
a nearly 7-fold increase in detection of advanced fibrosis.
Additional support comes from an individual-patient data
meta-analysis of 37 studies comprising > 5700 patients.
Sequential testing using FIB-4 and TE improved sensitivity
and specificity to rule in or rule out advanced fibrosis.94

Overall, the panel accepted the statement that patients
with NAFLD should undergo NITs for progressive fibrosis
every 1 to 2 years. The majority accepted the statement with
some reservations, though some panel members rejected the
recommendation with reservations. The nature of evidence
to support the assertion was moderate and the level of
support in the peer-reviewed literature was graded as either
fair or poor evidence, but recommendations could be made
on other grounds. There was concern that screening all
patients with NAFLD every 1 to 2 years using NITs may
not be helpful, as most patients would not progress within
this time frame. However, there was general agreement that
noninvasive monitoring is helpful and should be longitudi-
nally documented. Patients with T2D or MetS, including
hypertension or an elevated AST/ALT ratio, may benefit
from more-frequent screening using a sequential testing
strategy, which appears to be cost-effective.30

Statement 7: Genetic Testing for PNPLA3 and
Other Genetic Markers Could Be Useful in the
Management of NAFLD or NASH

A large fraction of hepatic fat variability is determined
by inherited factors.95 Genetic variants, such as PNPLA3
I148M, TM6SF2 E167K, MBOAT7 rs641738, GCKR
P446L, HSD17B13 rs72613567, and other rare variants,
have been strongly linked to risk for liver disease severity in
NAFLD.95,96 Overall, PNPLA3 and TM6SF2 variants
show the highest genome-wide significance for increased risk
of advanced liver damage, HCC, and (for PNPLA3 only)
mortality, independent of other risk factors including
fibrosis.95 Conversely, HSD17B13 loss-of-function variants
have been linked to robust protection against liver inflam-
mation, cirrhosis, and HCC.95

In a seminal study, Liu et al97 validated a strong
genetic association between the common PNPLA3 variant
p.I148M and the risk of developing HCC. The study dem-
onstrated a 5-fold increased risk of HCC in NAFLD [GG
vs. CC genotype: odds ratio (OR), 5.05; 95% CI: 1.47-17.29;
P= 0.01] and up to 12-fold increased risk of HCC in the UK
general population (GG vs. CC genotype: OR, 12.19; 95%
CI: 6.89-21.58; P< 0.0001). The variant had a high specif-
icity for NAFLD-related HCC at the population level, but it
did not allow the identification of a specific at-risk
population.97 In a re-analysis of the data, the population-
attributable risk of PNPLA3 rs738409 for HCC was 55%,
with an AUROC of 0.68 attributable to this variant.98 The
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NPV was substantially greater than the PPV, suggesting that
the PNPLA3 rs738409 genotype could be useful to select
individuals who are least likely to develop HCC.

Overall, no single genetic variant provides adequate
risk stratification in NAFLD. The contribution of PNPLA3
I148M alone to NAFLD heritability may explain as much
as 5% to 10% of the total variation in liver fat. Although
remarkable, this proportion is modest for a relevant clinical
predictor.99 However, combining numerous variants in
polygenic risk scores (PRSs; calculated as a weighted sum of
disease-risk alleles carried by an individual) is an attractive
approach, but there are currently very few data on their
clinical usefulness.95

Variants in PNPLA3, TM6SF2, GCKR, andMBOAT7
were recently combined in a PRS-hepatic fat content (HFC),
then adjusted for HSD17B13 (PRS-5).100 In a NAFLD
cohort, PRSs were associated with a ~12-fold increased OR
for severe fibrosis (P< 10−27 for both PRS-HFC and PRS-5)
and a ~9-fold increased OR for HCC (OR, 9.2; 95% CI: 5.2-
16.3; P= 2.7×10−14 for PRS-HFC; and OR, 9.1; 95% CI:
5.2-16.0; P= 1.6×10−14 for PRS-5). A PRS-HFC value
≥ 0.532 yielded 43% sensitivity and 80% specificity in a
NAFLD cohort, compared with 27% and 90%, respectively
in the general population. In another study, a compre-
hensive polygenic genetic risk score including 181 rare
pathogenic variants was superior to evaluating PNPLA3
I148M and TM6SF2 E167K alone, but adding genetic risk
score to a score based on clinical risk factors did not
improve the clinical score’s performance.101

Overall, the panel’s consensus was to either reject the
statement completely or reject with reservations. Most of the
panel members rated the nature of evidence as moderate,
whereas some deemed it low or very low. Similarly, the
majority of the panel deemed the level of support as fair
evidence to reject, though a few felt there was poor evidence
to support the statement or good evidence to reject the
statement. Current evidence suggests that PNPLA3 I148M
variants are risk factors for the full spectrum of liver damage
in NAFLD, but the prognostic value of genotyping is not
sufficient for prediction at an individual level, particularly in
view of the very low PPV. In complex traits in diseases like
NAFLD, ORs for the effect of these traits on disease pro-
gression and severity are relatively modest, whereas ORs of
about 50 are required to ensure that diagnostic tests do not
suffer from too many false positives. The panel generally
agreed that studies of larger cohorts with similar levels of
baseline fibrosis and longer duration of longitudinal follow-
up are needed to assess genetic risk systematically.

DISCUSSION
Deliberations about the nature of the published

evidence, the strength of the evidence supporting the
statements, and the degree of agreement or disagreement
by the international panel of NAFLD experts underscored
a lack of sufficient evidence in the peer-reviewed literature
to achieve a clear consensus on several important issues
regarding the use of NITs. The process used to develop
this document anticipated the possibility of discordance
between the level of evidence for a statement and the
recommendation to accept or reject it. For example, for
Statement 1A, the majority of the panel felt there was fair
published evidence to support the recommendation to
screen all patients with T2D for NAFLD, but as a clinical
recommendation, it was rejected with some or no

reservations by all the panelists. As the majority of
patients with T2D can be presumed to have NAFLD, the
panelists felt that greater value should be ascribed to PCPs
and endocrinologists in determining whether such patients
have evidence of fibrosis. Highlighting FIB-4 as the rec-
ommended NIT for this purpose reflects its simplicity, low-
cost, immediate availability, and competitive performance
with other NITs in comparative studies.

The panel’s disagreement with Statement 2, which
asserts that a TE score predicting F3-F4 fibrosis could
obviate the need for liver biopsy, reflects the evidence that
the PPV of TE for ruling in advanced fibrosis or cirrhosis is
exceeded by its NPV for ruling out these histologic stages.
The panel agreed, however, that additional NITs, whether
blood-based biomarkers or MRE, may be sufficient. In
some instances with compelling evidence of cirrhosis and
portal hypertension on routine laboratory assessment or
imaging, a correspondingly high TE score might also be
sufficient.

The utility of the ELF test as a potential alternative to
TE, when combined with FIB-4, was accepted in Statement
3, albeit with reservations. This recommendation was based
upon the lack of availability of TE in many practice settings,
the demonstration of predictive value for clinical outcomes
[the basis on which it was approved by the Food and Drug
Administration (FDA) in August 2021], and studies in
which ELF combined with FIB-4 has improved PPV and
NPV for fibrosis and reduced the number of indeterminate
results.

In contrast to the recommendation in the 2018 AASLD
Guidance Document on NAFLD,13 the panelists rejected
Statement 4 that a liver biopsy demonstrating steatohepa-
titis and fibrosis is necessary before initiation of pharma-
cological therapy. The panelists emphasized fibrosis rather
than steatohepatitis as the major prognostic determinant.
Also cited were 2 newer NITs (the FAST score and NIS4)
that can potentially predict NASH+NAS ≥ 4+ and ≥F2,
which are the criteria used to determine eligibility for many
trials investigating new drugs for NASH.61

The majority of the panelists accepted the recom-
mendation in Statement 5. The presence of hepatic fibrosis
should be considered regardless of transaminase levels in
patients with NAFLD and metabolic risks. However, some
members of the panel rejected the statement, and there was
general agreement that there is poor to fair evidence in the
literature supporting the statement as a cost-effective clinical
approach. All panelists agreed, however, that normal
transaminases do not preclude the possibility of fibrosis,
especially in patients with T2D.

The recommendation in Statement 6 that all patients
with NAFLD should undergo NITs for fibrosis every 1 to
2 years was generally accepted. This may identify patients in
whom pharmacological therapy would be warranted or, in
more advanced cases, patients who need HCC screening.
The panelists emphasized, however, that other screening
intervals may be appropriate, depending upon the clinical
variables, including metabolic factors, laboratory or imag-
ing results, and prior NIT results.

The panel rejected Statement 7, which asserts that
genetic testing for PNPLA3 and other genetic markers
would be useful at present in the clinical management of
NAFLD. Despite the association between genetic variants
at the PNPLA3, TM6SF2, and other loci and the develop-
ment or progression of NAFLD, an evidence base for
incorporating genetic profiling into treatment pathways is
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currently lacking. The panelists advocated for further
research aimed at subphenotyping patients with NASH and
correlating genetic variants with response to novel therapies.

In conclusion, NITs for hepatic fibrosis play a critical
role in the evaluation of patients with NAFLD. In addition
to liver specialists, PCPs, endocrinologists and other clini-
cians should be familiar with the use of blood-based NITs to
assess for hepatic fibrosis in patients with NAFLD. In
general, a diagnosis of advanced fibrosis or cirrhosis should
not be based upon a single NIT in the absence of compelling
standard laboratory and radiologic data indicating cirrhosis.
The added utility of combining blood-based NITs and
elastography to enhance fibrosis assessment should be better
understood by all clinicians, reserving liver biopsy primarily
for fibrosis assessment when NITs yield equivocal results or
there is discordance between NITs. The panel’s consensus
was that histologic evidence of steatohepatitis is not a pre-
requisite for initiation of pharmacological management in
patients with strong NIT-based evidence of moderate or
advanced fibrosis. Further, the panelists agreed that periodic
elastography-based monitoring at individualized intervals
should be employed to assess for progression of fibrosis.
Assessment of genetic variability in PNPLA3 and other loci
does not play a standard role in current practice, but it is an
important priority for future research.
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