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DESCRIPTION: The purpose of this American Gastroenterological
Association (AGA) Clinical Practice Update Expert Review is to
provide clinicians with guidance on the use of noninvasive tests
(NITs) in the evaluation and management of patients with nonal-
coholic fatty liver disease (NAFLD). NAFLD affects nearly 30% of
the global population and is a growing cause of end-stage liver
disease and liver-related health care resource utilization. However,
only a minority of all patients with NAFLD experience a liver-
related outcome. It is therefore critically important for clinicians
to assess prognosis and identify those with increased risk of disease
progression and negative clinical outcomes at the time of initial
assessment. It is equally important to assess disease trajectory over
time, particularly in response to currently available therapeutic
approaches. The reference standard for assessment of prognosis
and disease monitoring is histologic examination of liver biopsy
specimens. There are, however, many limitations of liver biopsies
and their reading that have limited their use in routine practice. The
utilization of NITs facilitates risk stratification of patients and lon-
gitudinal assessment of disease progression for patients with
NAFLD. This clinical update provides best practice advice based on
a review of the literature on the utilization of NITs in the man-
agement of NAFLD for clinicians. Accordingly, a combination of
available evidence and consensus-based expert opinion, without
formal rating of the strength and quality of the evidence, was used
to develop these best practice advice statements. METHODS: This
Expert Review was commissioned and approved by the AGA
Institute Clinical Practice Updates Committee and the AGA
Governing Board to provide timely guidance on a topic of high
clinical importance to the AGA membership and underwent in-
ternal peer review by the Clinical Practice Updates Committee
and external peer review through standard procedures of
Gastroenterology. These best practice advice statements were
drawn from a review of the published literature and from expert
opinion. Because systematic reviews were not performed, these
best practice advice statements do not carry formal ratings of the
quality of evidence or strength of the presented considerations.
BEST PRACTICE ADVICE STATEMENTS
portal hypertension; ELF, enhanced liver fibrosis; FAST, FibroScan-
aspartate aminotransferase; FIB-4, Fibrosis 4 Index; HCC, hepatocellular
carcinoma; LSM, liver stiffness measurement; MEFIB, magnetic reso-
nance elastography with Fibrosis 4 score; NAFLD, nonalcoholic fatty liver
disease; NAFLD-FS, nonalcoholic fatty liver disease fibrosis score; NASH,
nonalcoholic steatohepatitis; NIT, noninvasive test; NPV, negative pre-
dictive value; PPV, positive predictive value; SWE, shear wave elastog-
raphy; VCTE, vibration controlled transient elastography.
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BEST PRACTICE ADVICE 1: NITs can be used for risk stratifi-
cation in the diagnostic evaluation of patients with NAFLD. BEST
PRACTICE ADVICE 2: A Fibrosis 4 Index score<1.3 is associated
with strong negative predictive value for advanced hepatic
fibrosis and may be useful for exclusion of advanced hepatic
fibrosis in patients with NAFLD. BEST PRACTICE ADVICE 3: A
combinationof2ormoreNITs combining serumbiomarkers and/or
imaging-based biomarkers is preferred for staging and risk stratifi-
cation of patients with NAFLDwhose Fibrosis 4 Index score is>1.3.
BEST PRACTICE ADVICE 4: Use of NITs in accordance with
manufacturer’s specifications (eg, not in patients with ascites or
pacemakers) can minimize risk of discordant results and adverse
events. BEST PRACTICE ADVICE 5: NITs should be interpreted
with context and consideration of pertinent clinical data (eg, physical
examination, biochemical, radiographic, and endoscopic) to optimize
positive predictive value in the identification of patients with
advanced fibrosis. BEST PRACTICE ADVICE 6: Liver biopsy should
be considered for patients with NIT results that are indeterminate or
discordant; conflict with other clinical, laboratory, or radiologic find-
ings; or when alternative etiologies for liver disease are suspected.
BEST PRACTICE ADVICE 7: Serial longitudinal monitoring using
NITs for assessment of disease progression or regression may inform
clinical management (ie, response to lifestyle modification or thera-
peutic intervention). BEST PRACTICE ADVICE 8: Patients with
NAFLD and NITs results suggestive of advanced fibrosis (F3) or
cirrhosis (F4) should be considered for surveillance of liver complica-
tions (eg, hepatocellular carcinoma screening and variceal screening
per Baveno criteria). Patients with NAFLD and NITs suggestive of
advanced hepaticfibrosis (F3) or (F4), should bemonitoredwith serial
liver stiffness measurement; vibration controlled transient elastog-
raphy; or magnetic resonance elastography, given its correlation with
clinically significant portal hypertension and clinical decompensation.

Keywords: Risk Stratification; Nonalcoholic Steatohepatitis;
Fibrosis; Cirrhosis.

onalcoholic fatty liver disease (NAFLD) is an
Nemerging global public health crisis. It affects
approximately 30% of the worldwide population.1 As a
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metabolic disease representing the hepatic manifestation of
a systemic metabolic disorder, NAFLD is associated with
significant morbidity and mortality, as well as substantial
health care resource utilization.2,3 The traditional approach
to defining disease severity in patients with NAFLD has been
to perform a liver biopsy for histologic grading of necroin-
flammation and staging of hepatic fibrosis—2 key features
of disease severity. Disease activity refers to the biological
processes leading to hepatic injury and inflammation,
whereas fibrosis stage refers to the amount of scarring and
thus proximity to cirrhosis. Fibrosis stage is the strongest
predictor of future outcomes and thus provides the greatest
prognostic information. Natural history studies have found
that assessment of fibrosis, specifically cirrhosis, serves as a
meaningful surrogate for liver-related outcomes, such as
hepatocellular carcinoma (HCC), liver decompensation (eg,
variceal hemorrhage, ascites, and hepatic encephalopathy),
liver transplantation, and death.3,4

Liver biopsies, however, are invasive; variable in
sampling5; subject to intra- and interobserver variability;
and, rarely, may be associated with severe and/or fatal
procedural complications. It is thus impractical to use
biopsy-based risk stratification for a prevalent and
chronic disease such as NAFLD. Noninvasive tests (NITs)
have emerged as validated tools to address the problem
of early risk stratification in NAFLD. Guidance for clini-
cians on the use of NITs in the care of patients with
NAFLD is limited. We reviewed the use of NITs as a
noninvasive surrogate approach to risk stratification of
advanced fibrosis (AF) in the longitudinal care of patients
with NAFLD to predict liver-related outcomes and guide
responses to therapies.

NITs can be subcategorized into serum-based and
imaging-based biomarkers. Multiple noninvasive models
using biochemical serum and clinical measurements have
been proposed to detect liver fibrosis. The focus of this
review will be on readily available, point-of-care, cost-
effective testing strategies to risk stratify patients with
NAFLD for AF.

This review was designed to provide best practice
advice (BPA) and guidance on several key clinical issues
pertaining to NAFLD management using NITs. We have
developed BPA statements to address 8 key clinical issues.
This Expert Review was commissioned and approved by
the American Gastroenterological Association (AGA) Insti-
tute Clinical Practice Updates Committee and the AGA
Governing Board to provide timely guidance on a topic of
high clinical importance to the AGA membership and un-
derwent internal peer review by the Clinical Practice Up-
dates Committee and external peer review through
standard procedures of the journal Gastroenterology. These
BPA statements represent the current literature in studied
populations. However, risk stratification should be under-
taken only upon confirmation of diagnosis of NAFLD,
exclusion of competing diagnoses, and evaluation of pre-
senting signs and symptoms in accordance with good
clinical practice. Furthermore, the final approach used for a
given patient must take into consideration the unique
clinical context for that patient and having discussed the
“pros and cons” of alternative approaches.
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Best Practice Advice 1: NITs can be used for risk
stratification in the diagnostic evaluation of patients
with NAFLD.

Among patients with NAFLD, those with nonalcoholic
steatohepatitis (NASH) are at risk of fibrosis progression.
Most experts believe that patients with NAFLD should be
monitored for development of chronic liver injury (ie, NASH
and hepatic fibrosis). Within the context of a gastroenter-
ology practice, surveillance strategies for monitoring liver-
related outcomes are implemented upon the knowledge of
the presence of advanced hepatic fibrosis or cirrhosis. A
patient’s access and engagement with the health care sys-
tem, ability to follow lifestyle recommendations, and effec-
tive extrahepatic disease management may also improve
clinical outcomes in patients with NAFLD.

A key predictor for liver-related outcomes is AF,
defined as presence of stage 3 (bridging fibrosis) or 4
(cirrhosis) on liver biopsy.6 Because fibrosis stage is not
synchronized across the liver, stages 3–4 represent a
continuum of fibrosis. Initial NITs were developed and
applied to patients with viral hepatitis,7 but have subse-
quently been validated in other chronic liver diseases,
specifically NAFLD.8 Several have been developed (eg,
Fibrosis 4 Index [FIB-4] score, NAFLD fibrosis score
[NAFLD-FS], and aspartate aminotransferase to platelet
ratio index [APRI]; however, FIB-4 score is the most vali-
dated. FIB-4 score is calculated using a simple algorithm
based on age, alanine aminotransferase, aspartate amino-
transferase, and platelet count7 and outperforms other
calculations in its ability to identify patients with a low
probability of AF. High values of FIB-4 and other NITs have
also been associated with all-cause and liver-related out-
comes in population-based studies.9 Although FIB-4 score
does not outperform other proprietary fibrosis biomarkers
(eg, FibroTest/FibroSure [eviCore Healthcare], FIBROSpect
NASH [Prometheus Laboratories], Hepamet Fibrosis Score,
a Pro-C3 based score [ADAPT], FibroMeter [ARUP Labo-
ratories], and Hepascore), FIB-4 is recommended as a first-
line assessment for practitioners based on its simplicity
and low cost.10–12 The Enhanced Liver Fibrosis (ELF;
Siemens Healthineers USA) test, a proprietary blood test
consisting of 3 elements involved in matrix turnover, and
NIS2þTM (property of GENFIT; Loos, France), as an opti-
mization of NIS4® (property of GENFIT; Loos, France)
technology, are validated blood-based serum biomarkers for
detection of advanced hepatic fibrosis and “at-risk” NASH
with F2 or higher, respectively. An ELF score �9.8 reliably
identifies patients with NAFLD at increased risk of progres-
sion to cirrhosis and liver-related clinical events.13,14 Such
serum-based fibrosis tests may be good options as secondary
risk assessments when elastography is not available.

Imaging-based biomarkers, such as vibration controlled
transient elastography (VCTE), shear wave elastography
(SWE), and magnetic resonance elastography (MRE), are
used most frequently and have been validated. Ultrasound-
based 3-dimensional elastography (Velacur) and iron-



Table 1.Noninvasive Tests and Accuracy for Advanced
Fibrosis (F3–4) in Nonalcoholic Fatty Liver Disease

Noninvasive test

Recommended cutoff
to rule in advanced
hepatic fibrosis

AF (F3–4) by
biopsy, AUROC

(95% CI)

Serum
FIB-4 score >2.67 0.83 (0.79–0.86)
NAFLD-FS >0.676 0.75 (0.71–0.79)
APRI >0.84 0.76 (0.74–0.79)
ELF >9.8 0.81 (0.77–0.85)

Imaging
VCTE, kPa >12.0 0.93 (0.89–0.96)
SWE, kPa >8.0 0.89 (0.80–0.98)
MRE, kPa >3.6 0.93 (0.90–0.96)

AUROC, area under receiver operating curve.
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corrected T1 magnetic resonance imaging, although used
less frequently, are emerging technologies.

Currently, there is no minimum cutoff established for
diagnostic accuracy for AF using NITs. Using liver histology
as the reference standard, a meta-analysis of 10 studies
evaluated the performance of serum based and imaging
NITs in NAFLD.15 The performance of FIB-4 for absence of
AF with a cutoff value in the 1.24–1.45 range in 2759 pa-
tients demonstrated a mean sensitivity of 77.8% (range,
63.0%–90.0%), specificity of 71.2% (range, 55.5%–88.0%),
positive predictive value (PPV) of 40.3% (range, 24.0%–
50.6%), and negative predictive value (NPV) of 92.7%
(range, 88.0%–98.0%). An FIB-4 score threshold of <1.3
was otherwise adapted from several studies as being an
ideal threshold for clinical practice. NAFLD-FS performance
for AF using a cutoff of –1.455 in 10 studies with 3057
patients had a sensitivity of 72.9% (range, 22.7%–96.0%),
specificity of 73.8% (range, 42.9%–100%), PPV of 50.4%
(range, 24.0%–100%), and NPV of 91.8% (range, 81.3%–
98.1%).15 An APRI cutoff of 1.00 for AF in 1101 patients had
a sensitivity of 43.2% (range, 27.0%–67.0%), specificity of
86.1% (range, 81.0%–89.0%), PPV of 33.5% (range, 26.0%–
40.0%), and NPV of 89.8% (range, 84.0%–95.0%). Although
there are several scores (eg, FIB-4, NAFLD-FS, and APRI),
FIB-4 is the most validated and outperforms other calcula-
tions in its ability to identify patients with a low probability
of AF.

Performance of serum-based NITs in cirrhosis improved
in NPV. Using FIB-4 score, a cutoff of 1.92–2.48 in 439 pa-
tients had a sensitivity of 76.4% (range, 72.7%–80.0%),
specificity of 82.4% (range, 76.0%–88.7%), PPV of 39.0%
(range, 37.5%–40.4%), and NPV of 96.2% (range, 95.5%–
96.9%). NAFLD-FS performance for a cutoff of –0.014 in 197
patients was sensitivity of 80%, specificity of 80.8%, PPV of
42.8%, and NPV of 95.7%. For a cutoff of 0.54–2.00 for APRI
in 790 patients, sensitivity was 56.2% (range, 20.5%–
77.3%), specificity was 83.6% (range, 56.3%–100%), PPV
was 37.8% (range, 16.7%–100%), and NPV was 91.7%
(range, 83.0%–96.7%). Despite some variability in the
diagnostic profile of these serum-based tests, the consistent
concordance in NPV for AF provides reassurance for their
utilization in risk stratification16 (Table 1).

Evaluation of VCTE M-probe performance for AF within
the same meta-analysis in 1540 patients from 9 studies
using a cutoff of 7.6–8 kPa had a sensitivity of 88.9% (range,
65.0%–100.0%), specificity of 77.2% (range, 65.9%–
90.2%), PPV of 43.4% (range, 27.0%–52.0%), and NPV of
95.5% (range, 86.0%–100%). VCTE XL-probe performance
at a cutoff of 5.7–9.3 from 3 studies of 579 patients had a
sensitivity of 75.3% (range, 57.0%–91.0%), specificity of
74.0% (range, 54.0%–90.0%), PPV of 58.7% (range, 45.0%–
71.0%), and NPV of 88.7% (range, 84.0%–93.0%). In
cirrhosis, test performance similarly improved; a VCTE
cutoff of 10.3–11.3 in 1362 patients had a sensitivity of
87.7% (range, 78.0%–100%), specificity of 86.3% (range,
82.0%–90.0%), PPV of 46.8% (range, 33.0%–75.0%), and
NPV of 98.0% (range, 94.0%–100%). For the XL-probe, a
broader cutoff of 7.2–16 in 654 patients was associated with
a sensitivity of 87.8% (71.0%–100%), specificity of 82.0%
(70.0%–91.0%), PPV of 39.8% (range, 31.0%–53.0%), and
NPV of 97.8% (range, 95.0%–100%).

SWE and MRE also have excellent diagnostic perfor-
mance in the identification of AF. For SWE detection of AF,
cutoffs of 3.02–10.6 among 429 patients had a sensitivity of
89.9% (range, 88.2%–91.5%), specificity of 91.8% (range,
90.0%–94.0%), PPV of 88.2% (range, 83.3%–93.1%), and
NPV of 93.4% (range, 92.6%–94.2%). Using a cutoff of 3.36
for the detection of cirrhosis in 181 patients, the sensitivity
was 100%, specificity was 85.6%, PPV was 55.2%, and NPV
was 100%. MRE detection of AF with a cutoff of 3.62–4.8 in
628 patients had a sensitivity of 85.7% (range, 74.5%–
92.2%), specificity of 90.8% (range, 86.9%–93.3%), PPV of
71.0% (range, 67.9%–74.5%), and NPV 93.4% (range,
81.0%–98.1%). A liver stiffness measurement (LSM) cutoff
of 4.15–6.7 for cirrhosis in 384 patients had a sensitivity of
86.6% (range, 80.0%–90.9%), specificity of 93.4% (range,
91.4%–94.5%), PPV of 53.4% (range, 44.4%–58.8%), and
NPV of 98.8% (range, 98.1%–99.2%).15 Although MRE is not
recommended as a first-line approach to risk stratification
in a patient with NAFLD,10–12 it can be an important tool if
clinical uncertainty exists, if there is a need for concomitant
cross-sectional imaging, or when other elastography tech-
niques are unavailable.

Best Practice Advice 2: An FIB-4 score <1.3 is
associated with strong NPV for advanced hepatic
fibrosis and may be useful for exclusion of advanced
hepatic fibrosis in patients with NAFLD.

The goal of testing algorithms is to establish or exclude a
diagnosis with confidence. Indeterminate results require
additional testing. For NITs, diagnostic performance is re-
ported using area under receiver operating curve, sensi-
tivity, and specificity. The clinical utility of guidance cutoffs
is dependent on the prevalence of NAFLD in the target
population. Primary care populations, endocrinology clinics,
and gastroenterology practices are likely to differ in the
prevalence of AF. Shah et al17 compared FIB-4 score with 7
other serum-based NITs in a national database of predom-
inantly Caucasian subjects with histologically confirmed
NAFLD. Statistically significant differences between groups
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included female gender and nondiabetic status in the earlier
stage (F1–2) vs AF (F3–4) cohorts. The sensitivity and
specificity for AF using a low cutoff of <1.30 in this popu-
lation were 74% and 71%, respectively. More importantly,
the NPV was 90% in the studied population. When applied
predictively to a variable prevalence of AF, the NPV
increased to 96% with a prevalence of 10% and dropped to
73% with 50% prevalence. In the comparison of NITs that
follows, it is important to remember than the NPV and PPV
reported are functions of disease prevalence, hence, the
context of use within specialty clinics vs the general popu-
lation is an important distinction. One notable limitation for
FIB-4 score is the proportion of scores in the indeterminate
range in some populations.18 Despite this, given the general
population prevalence of NAFLD at 30%, it is reasonable to
choose a cutoff of <1.3 to augment other clinical measure-
ments to exclude most individuals with AF.f

Furthermore, FIB-4 score is influenced by age and
therefore performs poorly in patients younger than 35 years
or older than 65 years. When used alone, FIB-4 score has
poor diagnostic accuracy in younger patients and low
specificity in older adults.19,20

Best Practice Advice 3: A combination of 2 or
more NITs, combining serum biomarkers and/or
imaging-based biomarkers, is preferred over a soli-
tary NIT for staging and risk stratification of patients
with NAFLD whose FIB-4 score is >1.3.

Given the heterogeneity of NAFLD in diverse pop-
ulations, overreliance on 1 NIT may reduce sensitivity in
identifying individuals with AF and cirrhosis in both pri-
mary care and specialist contexts. When imaging bio-
markers are not readily available in clinical practice, a
second serum biomarker, such as ELF, may be considered.12

A primary care referral pathway in the United Kingdom
using FIB-4 score <1.30 as a determination for AF with
comprehensive review revealed the benefit of sequential
testing.21 Of 1452 patients over 2 years, 1022 (71.3%) had
an FIB-4 score <1.3, 43 (3.0%) had an FIB-4 score >3.25,
and 387 had an indeterminate FIB-4 score and proceeded to
another biomarker (ELF) for further risk stratification, of
whom 155 (40%) had an ELF < 9.5 (low risk of AF). These
indeterminate findings were confirmed by means of liver
biopsy, VCTE, or radiologic features of cirrhosis.21 Subse-
quent hepatologist review revealed detection of 29.6% of AF
and 14.5% cirrhosis with the risk-stratification pathway
(compared with 7.7% and 3.6%, respectively, before
pathway utilization), thereby supporting a stepwise risk-
stratification approach.

Within the context of clinical trials, sequential testing of
NITs reduces indeterminate risk stratification for AF by
20% over single NITs alone,22 improves the PPV in the
detection of moderate fibrosis,23,24 and optimizes the
identification of cirrhosis across prevalence groups,25 and
thereby may reduce the need for liver biopsy. A recent
individual patient data meta-analysis of 37 primary studies
(n ¼ 5735; 30% AF) evaluating VCTE against liver histol-
ogy demonstrated that the sequential combination of NITs
with a lower cutoff (FIB-4 score <1.3 and VCTE <8.0) to
rule out AF and a higher cutoff (FIB-4 score �3.48 and
VCTE �20 kPa) to rule in cirrhosis can reduce the need for
liver biopsies from 33% to 19%.26

Patients with NAFLD with significant hepatic fibrosis
(stage �2) are at increased risk of liver-related morbidity
and are candidates for pharmacologic therapies. The diag-
nostic accuracy of the combination of LSM by VCTE or
MRE with another biomarker such as FIB-4 score or
aspartate aminotransferase may further optimize diagnostic
accuracy for detection of the “at-risk” patient with NASH.
FibroScan-asparate aminotransferase (FAST)23 and MRE
combined with FIB-4 index (MEFIB)27 have been developed
to optimize predictive values for assessment of NASH with
fibrosis stage �2. In a prospective study of patients with
biopsy-proven NAFLD (n ¼ 563) undergoing contempora-
neous MRE, magnetic resonance imaging proton density fat
fraction and VCTE from 2 prospective cohorts, MEFIB out-
performed FAST (both, P < .001); areas under the curve for
MEFIB and FAST were 0.901 (95% CI, 0.875–0.928) and
0.725 (95% CI, 0.683–0.767), respectively.28 The PPV of
MEFIB (95.3%) was significantly higher than that of FAST
(83.5%; P ¼ .001).28 The NPV of MEFIB (90.1%) was
significantly higher than that of FAST (71.8%) (P < .001).
Furthermore, to diagnose at-risk NASH, defined as NAFLD
activity score �4 and fibrosis stage �2, MEFIB out-
performed FAST (P < .05); areas under the curve for MEFIB
and FAST were 0.768 (95% CI, 0.728–0.808) and 0.687
(95% CI, 0.640–0.733), respectively.28 Although these
combination NITs are of great interest for identifying the at-
risk patients with NASH who may be eligible for pharma-
cologic therapies in clinical trials, pending a US Food and
Drug Administration–approved therapy for the treatment of
NASH, their role in clinical practice is not yet defined.

Best Practice Advice 4: Use of NITs in accordance
with manufacturer’s specifications (eg, not in pa-
tients with ascites or pacemakers) can minimize risk
of discordant results and adverse events.

VCTE is rapid, safe, and has been validated as a repro-
ducible measure of LSM. In addition to adhering to the
manufacturer’s recommendations regarding probe calibra-
tion and selection (M-prove vs XL-probe), quality measures
require at least 10 validated measurements with an inter-
quartile range <30% of the median value. Validity also
depends on the success rate (the ratio of successful mea-
surements to total number of acquisitions), which should be
�60%.29 VCTE performance can vary based on operator
experience, high body mass index, ethnic subgroups, non-
fasting state, and significantly elevated alanine amino-
transferase.30,31 Due to false-positive rates of VCTE when
performed within 3 hours of oral intake, an abnormal LSM
should undergo repeat VCTE measures during a fasting state
in order to validate an elevated LSM.32,33 Furthermore,
validating elevated LSM on repeat VCTE markedly increased
sensitivity of AF among patients with NAFLD.34,35

Given the limitations of VCTE, MRE has been studied in
patients with severe and morbid obesity. In this population,
MRE performance may be limited by waist circumference,30

therefore, cautious interpretation of LSM in patients with
morbid obesity and increased skin-to-capsule distance is
advisable.36 Although MRE is limited by cost, availability,
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and time to perform examinations, it does image the entire
liver and captures histologic severity.37 Cost-effectiveness
analyses reveal that a combination of FIB-4 score and
MRE has a marginally greater cost than FIB-4 score and
VCTE per correct diagnosis.38

Best Practice Advice 5: NITs should be interpreted
with context and consideration of pertinent clinical
data (eg, physical examination, biochemical, radio-
graphic, and endoscopic) to optimize PPV in the
identification of patients with AF.

Once a patient has been risk stratified as at risk for AF
using single or combination NITs, thorough review of their
clinical information can improve diagnostic accuracy. Studies
examining prospective referral pathways using initial NIT
stratification followed by thorough specialist case review for
the identification of clinical findings may improve PPV in the
identification of AF and cirrhosis.21 Although FIB-4 score<1.3
has a high NPV for AF, patients initially excluded for AF may
be reassessed periodically for evidence of interval progres-
sion. Available data are inadequate to establish an optimal
frequency for follow-up, although, based on rates of disease
progression noted in retrospective and prospective series,39,40

it is reasonable to repeat an FIB-4 annually in high-risk
populations (eg, type 2 diabetes) and every 2 years in low-
risk populations (young individuals with few risk factors).
In patients with NAFLD, FIB-4 score >2.67 and FIB-4 score
>3.25 may be associated with AF and/or cirrhosis, respec-
tively,17 although associated with high specificity and low
sensitivity and, consequently, high PPV but poor NPV. The
addition of VCTE may further improve PPV, with LSM >12
kPa representing the high-sensitivity threshold for cirrhosis,
although PPV is low (range, 0.34–0.71).41,42

Among patients with intermediate FIB-4 scores between
1.3 and 2.67, stage 2 fibrosis may be present, which may be
independently associated with increased risk of liver out-
comes.43 In these individuals, VCTE with an LSM between 8
and 12 kPa may provide additional evidence for such “clini-
cally significant” fibrosis. Furthermore, due to the poor
sensitivity of rule-in cutoffs with high specificity for FIB-4
score, many individuals with AF fall in the intermediate FIB-
4 category. Sequential application of VCTE should help iden-
tify the subset who have AF, as noted above. In those who are
morbidly obese precluding VCTE, MRE should be considered.
An ELF score >9.8 has also been reported to identify those
with AF, and its use has been validated in diabetes clinics and
primary care populations.44,45 More data are needed to
establish the utility of SWE and other emerging tools for this
purpose. A proposed approach to risk stratification of patients
with suspected NAFLD, as reviewed in recent guidance
statements,10–12 is detailed in Figure 1.

Best Practice Advice 6: Liver biopsy should be
considered for patients with NIT results that are
indeterminate or discordant; conflict with other
clinical, laboratory, or radiologic findings; or when
alternative etiologies for liver disease are suspected.

In the context of clinical evaluation, some patients fall into
categories poorly stratified by NITs. From well-phenotyped
patients enrolled in clinical trials, a large percentage of pa-
tients (43%–51%) with serum-based biomarkers fall into an
indeterminate range.22 From a real-world perspective, these
indeterminate results will often prompt sequential tests.
Discordant results from sequential tests, concern for
competing or alternative diagnoses, or clinical parameters
suggestive of AF, should prompt consideration for liver bi-
opsy to confirm diagnosis and stage severity of hepatic
fibrosis.

Best Practice Advice 7: Serial longitudinal disease
monitoring using NITs for assessment of disease
progression or regression may inform clinical man-
agement.

The utility of repeated serum-based NITs during longi-
tudinal monitoring has been associated with histologic
improvement in clinical trials. In the phase 3 REGENERATE
study of patients with NASH and fibrosis stage F2 or F3 (n ¼
931) randomized to receive placebo, obeticholic acid 10 mg,
or obeticholic acid 25 mg once daily, reductions from
baseline in liver aminotransferase levels, as well as in FIB-4
score, FibroTest, FibroMeter, FAST scores, and LSM by VCTE
were observed in obeticholic acid–treated vs placebo-
treated patients at month 18.46 Changes in NITs were
associated with shifts in histologic fibrosis stage, with the
greatest improvements observed in patients with 1-stage or
more fibrosis improvement.46 The dynamic changes in NITs
separated histologic responders from nonresponders, sug-
gesting that NITs may be useful alternatives to liver biopsy
in assessing the response to therapy of patients with NASH.

From a recent phase 3 trial in subjects with AF, a threshold
improvement (defined as an improvement of at least 0.5 unit)
in ELF and LSM by VCTE was associated with statistically
significant reductions in liver biochemistry, other NITs, and
clinical parameters that may represent underlying changes in
metabolism not yet associated with histologic change.47

In patients with compensated cirrhosis due to NASH (n ¼
1135) enrolled into the selonsertib and simtuzumab studies,
compared with nonregressors, patients with cirrhosis
regression had greater reductions during follow-up in hepatic
collagen content and a–smooth muscle actin expression by
morphometry, machine-learning–based parameters of
fibrosis, ELF, and LSM by VCTE.48 In another study of patients
with cirrhosis (n ¼ 198) followed up for 693 patient-years
(median 43 months; interquartile range, 26–58 months),
clinical outcomes were predicted by liver iron-corrected T1 >
825 ms with a hazard ratio of 9.9 (95% CI, 1.29–76.4; P ¼
.007), and outperformed VCTE in its predictive value after
taking into account technical failure and unreliability.49

Additional evidence for longitudinal prediction of
fibrosis regression and progression and response to inter-
vention (lifestyle and pharmacologic) is needed in trials and
real-world clinical practice. Strong evidence-based recom-
mendations cannot be made, given the limitations of
reproducible data in large cohorts with adequate follow-up.

Best Practice Advice 8: Patients with NAFLD and
NIT results suggestive of AF (F3) or cirrhosis (F4)
should be considered for surveillance of liver com-
plications (eg, HCC screening and variceal screening
per Baveno criteria).

Treatment pathway studies reveal the benefit of risk
stratification and specialty referral from general



Figure 1. Algorithm for evaluation of patients with suspected NAFLD. Patients with clinical suspicion of NAFLD, such as those
with metabolic risk factors, unexplained elevation in liver aminotransferases or who are noted to have hepatic steatosis on
abdominal imaging, should undergo further evaluation. Screening and/or serologic evaluation for alternate causes of chronic
hepatitis is recommended if liver aminotransferases are elevated (ALT >20 U/L for women and >30 U/L for men) or as clinically
indicated. The Fibrosis 4 Index (FIB-4) can be used as a first-line point-of-care test. When there is low risk for advanced
hepatic fibrosis (ie, absence of diabetes mellitus and/or features of metabolic syndrome), a FIB-4 <1.3 can, with a high
negative predictive value, exclude those with advanced hepatic fibrosis. Such patients can be reassessed every 2 years. In
patients with FIB-4 �1.3, a secondary assessment (enhanced liver fibrosis [ELF], vibration-controlled elastography [VCTE] or
magnetic resonance elastography [MRE]) can be performed as accessible or feasible. Patients with prediabetes/T2DM or 2 or
more metabolic risk factors are at higher risk for hepatic fibrosis and should have sequential or consecutive testing with a
second noninvasive test (NIT). In patients older than 65 years of age, a FIB-4 cutoff of <2.0 should be used to exclude
advanced hepatic fibrosis. When NITs are indeterminant or discordant or there is clinical suspicion of more advanced disease,
a liver biopsy may be considered. Identification of cirrhosis should prompt referral to a specialist for cirrhosis-based man-
agement (ie, screening for HCC and esophageal varices). Patients at all stages of disease should be counseled on lifestyle
modifications. Specific threshold values of NITs are approximations supported by current evidence and are meant to guide
clinical management rather than be interpreted in isolation. ALT, alanine aminotransferase; ELF, enhanced liver fibrosis; HCC,
hepatocellular carcinoma; MRE, magnetic resonance elastography; NAFLD, nonalcoholic fatty liver disease; NIT, noninvasive
test; VCTE, vibration-controlled elastography.
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populations from both a cost-saving perspective
(decreased referrals to specialists at early stages of dis-
ease) and a disease management perspective (avoidance of
increased cost from decompensated disease presenting at
late stages). Liver-related complications, such as variceal
hemorrhage, ascites, hepatic encephalopathy, and HCC
have been associated with AF through prospective anal-
ysis.6 Patients with AF may benefit from specialist referrals
for dedicated HCC surveillance, variceal screening, clinical
trial enrollment, and referral for liver transplantation
when appropriate according to Model for End-Stage Liver
Disease or decompensation. Although data are discrepant
for mortality benefits from HCC surveillance, especially in
Western populations, systematic reviews have demon-
strated improvement in early tumor detection, receipt of
curative treatment, and overall survival.39 Endoscopic
surveillance and risk stratification for varices in accor-
dance with Baveno VI criteria—criteria based on LSM and
platelet count—are used for ruling out the presence of
varices needing treatment.50

Furthermore, patients with NAFLD and NITs suggestive of
advanced hepatic fibrosis (F3) or (F4) should be monitored
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with serial NITs, preferentially LSM by VCTE or MRE, given its
correlation with clinically significant portal hypertension
(CSPH) and clinical decompensation. A growing body of evi-
dence suggests that NITs, specifically LSM by both VCTE51 and
MRE,52,53 can predict CSPH and clinical outcomes in NAFLD.
An LSM by VCTE �25 kPa reliably diagnosed CSPH across
multiple etiologies of compensated advanced chronic liver
disease.51 In patients with NASH, a new model (ANTICIPATE-
NASH model) considering body mass index, LSM �15 kPa
plus platelets �150,000/mm3 ruled out CSPH, although an
LSM by VCTE �25 kPa is sufficient to rule in CSPH in non-
obese patients with NASH.54 CSPH can be diagnosed using the
ANTICIPATE model if platelet count is �150,000/mm3 and
LSM by VCTE �20 kPa.54 Furthermore, 2 clinical studies
among patients with NAFLD identified LSM as a predictor of
liver-related outcomes and survival.55,56 Change in LSM on
repeat VCTE correlated with liver decompensation in addition
to all-cause mortality.56

As with VCTE, baseline LSM by MRE predicts future
hepatic decompensation.52,53 Approximately 30% of pa-
tients with baseline LSM-MRE of �5.7 kPa developed he-
patic decompensation and 66% of patients with baseline
LSM-MRE of �6.8 kPa had either death or trans-
plantation.53 Among patients with NAFLD with compen-
sated cirrhosis at baseline by LSM via MRE, progression in
LSM (�19% change from baseline) predicted hepatic
decompensation or death occurred in 100% of LSM pro-
gressors and 19% of nonprogressors (P < .001) over a
median of 2.5 years of follow-up.52
Conclusions
The health care burden of longitudinal management of

patients with NAFLD is significant. The emergence and utili-
zation of NITs in gastroenterology practices has the potential
to significantly enhance the care of patients with NAFLD by
improving detection of patients with AF who are at increased
risk for cirrhosis, hepatic decompensation, and HCC, thereby
facilitating timely clinical management. In this Expert Review,
we have provided clinicians with best practice advice for
optimal utilization of NITs in patients with NAFLD.
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