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Introduction

Nonalcoholic fatty liver disease (NAFLD) is emerging as the most common chronic
liver disorder, affecting approximately 25% of the population globally. The asso-
ciation of NAFLD with metabolic morbidity and cardiovascular disease (CVD), as
well as its association with significant liver-related morbidity and mortality, create
important challenges for primary care physicians in relation to the prevention, diag-
nosis and treatment of NAFLD and its associated risks for CVD and liver-related
morbidity [1]. The importance of establishing a policy in regards to early detection
of NAFLD and advanced fibrosis in primary care settings or diabetes clinics, among
people with obesity, diabetes or the metabolic syndrome, who represent high-risk
populations for the more advanced forms of NAFLD, is increasingly recognized.
As most NAFLD patients in primary care settings have simple steatosis (NAFL),
and are not at increased risk for liver-related morbidity, it is extremely important to
provide physicians who see NAFLD patients in primary care settings and diabetes
clinics with tools to identify patients at high liver-related risk, who will benefit from
specialist care. The implementation of predictive models for risk stratification may
change the landscape of early detection in non-specialist clinical settings. From a
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public health perspective, primary prevention policies and actions may be imple-
mented for subjects categorized as being at high risk according to these models.
Some of the tools incur minimal additional costs, being based on readily available
lab tests, and can be calculated automatically in computerized medical systems.
Their availability can be harnessed as a tool to increase awareness among general
practitioners, diabetologists and the public to promote early diagnosis and appropri-
ate management. Although, as for now, there are no approved drugs for NASH, and
treatment focuses mainly on lifestyle modification, awareness may increase motiva-
tion among patients to improve their lifestyle, and intensify monitoring for liver-
related (e.g. occult cirrhosis, hepatocellular carcinoma) and cardiovascular risks by
physicians following the patient. With the advent of pharmaceutical treatments for
NASH, which are expected in the near future, low cost, readily available prediction
models will assist in identifying suitable patients for treatment.

The Epidemiology of NAFLD

NAFLD encompasses two pathologically distinct conditions with different progno-
ses: non-alcoholic fatty liver (NAFL) which is pure steatosis with or without mild
lobular inflammation, and non-alcoholic steatohepatitis (NASH), that can progress
to liver fibrosis, cirrhosis and hepatocellular carcinoma (HCC). Approximately 20%
of NAFL patients progress to NASH with an average progression rate of 11% dur-
ing a 15-year period; the fibrosis progression rate is highly variable and influenced,
to a large extent, by metabolic risk factors. A meta-analytic assessment of the global
epidemiology of NAFLD estimates that 40% of NASH patients progress to fibrosis
with an annual fibrosis progression rate of 0.09%. The proportion of NASH among
the NAFLD population is estimated to increase in the coming decades due to an
aging population and the rising prevalence of type-2 diabetes mellitus (T2DM) and
obesity [1-3]. NASH has been recognized as one of the leading causes of cirrhosis
in adults in the United States, and NASH-related cirrhosis is currently the second
indication for liver transplants in the United States [4].

Within the NAFLD spectrum, the prognosis of NAFL differs significantly from
that of NASH, with no increase in liver-related mortality and minimal risk for dis-
ease progression. However, NASH with fibrosis progresses at a faster rate than
NASH without fibrosis, with high risk of developing HCC, liver failure, and death
[5, 6]. Although evidence clearly supports the development of HCC in patients
with NASH-cirrhosis, data now suggest that HCC can also occur in NASH patients
without advanced fibrosis. It is estimated that the yearly incidence of HCC among
NASH-cirrhotic patients is 2-3% and that the annual incidence of HCC in NAFLD
patients is 0.44 per 1000 person-years [1, 2].

The prevalence of NAFLD is increasing worldwide. A meta-analytic assess-
ment of the global epidemiology of NAFLD estimates that the global prevalence of
NAFLD is ~25% with the highest prevalence in the Middle East and South America,
and the lowest prevalence in Africa. It is the most common liver disease in Western
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countries, affecting 17-46% of adults, with differences in prevalence values stem-
ming from variability related to diagnostic method, age, sex and ethnicity [7].

The prevalence of NAFLD is influenced by the diagnostic modality. Use of ele-
vated liver enzymes as the primary diagnostic tool significantly underestimates the
prevalence of NAFLD compared to abdominal ultrasonography (AUS) and liver
biopsy. It has been shown that aminotransferase levels may be only mildly elevated
in NAFLD, and that more than 50% of NAFLD patients may have normal liver
enzymes. In a prospective cohort study, in which NAFLD diagnosis was based on
ultrasound and liver biopsy, the prevalence of NAFLD and NASH in asymptom-
atic middle-aged patients in the United States was found to be 46% and 12.2%,
respectively, compared to 13% for an elevated aminotransferase-based NAFLD
diagnosis [8].

The age and gender distributions of NAFLD vary. It is assumed that the overall
prevalence of NAFLD is approximately 30-40% in men and 15-20% in women, with
prevalence rates increasing with age and the presence of T2DM [9]. Furthermore
in regards to age, Kohler et al. found that advancing age is associated with clini-
cally relevant liver fibrosis in patients with NASH, in the presence or absence of
T2DM [10].

An ethnic variation in the distribution of NAFLD has also been suggested; in the
US, Hispanics have the highest prevalence (45-58%), followed by whites (33-44%)
and blacks (24-35%). These variations are probably secondary to lifestyle and
genetic predisposition, as Hispanics with NASH tend to be younger, less active, and
with unhealthy dietary habits [2, 11]. There are distinct phenotypes of NAFLD in
different regions of the world, secondary to complex interactions between genetics,
diet, the microbiome, and other environmental influences on the development of
NAFLD. Previous studies showed that patients with NAFLD from East Asia have
lower BMI and higher T2DM rates than patients in the West. This “Asian paradox”
may be secondary to distinct genetic or environmental susceptibility to NAFLD,
that differs from that of individuals in the West [12].

Obesity, T2DM and the metabolic syndrome are consistently identified as the
most important risk factors for NAFLD, fibrosis and CVD. The prevalence of
NAFLD in patients with T2DM is 40-70%. Kohler et al. have found a strong asso-
ciation between increased liver stiffness and presence of T2DM and/or insulin resis-
tance, suggesting that having T2DM, especially in the presence of NASH, may
result in an increased risk of clinically relevant fibrosis, cirrhosis, and mortality [10].

The prevalence of NAFLD in obese or morbidly obese patients is 75-92%, and
over 90% of morbidly obese patients undergoing bariatric surgery have NAFLD
[13]. According to a meta-analytic assessment of the global epidemiology of
NAFLD, the pooled overall obesity prevalence among NAFLD and NASH patients
is ~ 50% and ~80% respectively, with the highest rates in North America (86%) [1].

NAFLD has been referred to as the hepatic manifestation of the metabolic syn-
drome. It is increasingly viewed as an independent contributor to cardiovascular
risk, via insulin resistance, oxidative stress, worsening inflammatory state and
endothelial dysfunction [1], that accelerate the development and progression of
atherosclerosis and arterial stiffness. Multiple epidemiological studies have linked
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NAFLD to increased CVD, concluding that, although the primary liver pathology
in NAFLD involves morbidity and mortality from cirrhosis, liver failure and hepa-
tocellular carcinoma, the majority of deaths among NAFLD patients are attributable
to CVD [9]. In fact, death from cardiovascular causes in patients with NAFLD is
twofolds higher than death related to liver disease [14].

To summarize, ~25% of the adults in the developed world have NAFLD, with a
large proportion of these patients having T2DM and obesity, that increase the risk
for progression to NASH, cirrhosis and HCC, and liver-related mortality. Alongside
the liver-related risk, NAFLD is increasingly recognized as an independent risk fac-
tor for cardiovascular disease, and most patients with NAFLD die from CVD. The
increasing prevalence of T2DM and obesity, in conjunction with aging of the popu-
lation, calls for screening and early treatment strategies to prevent potentially life-
threatening hepatic and cardiovascular complications.

The Approach to Diagnosing NAFLD in Primary Care
Settings and Risk Stratification

In primary care settings, patients with NAFLD are usually diagnosed for one or
more of the following reasons: (1) in the framework of an investigation for elevation
of liver enzymes (2) due to evidence of a fatty liver in AUS undertaken for another
reason (3) as part of case finding. Patients in the last two categories may not have
elevated liver enzymes.

Clinical assessment involves three practical steps:

The first step is to identify patients who should be screened for NAFLD; the
second step is to diagnose NAFLD, and to rule out etiologies other than NAFLD
for liver fat accumulation or elevated liver enzymes; the third step, risk stratifica-
tion, involves identification of patients who are at risk of fibrosis and liver related
outcomes, as advanced liver fibrosis is associated with increased overall mortality
and liver related events [15], and referral of these higher-risk patients to specialist

care in hepatology clinics.

Step 1: Who Should Be Screened for NAFLD?

There is no universal directive for systematic screening of the general population for
NAFLD for the following reasons: (1) Although NAFLD is a common disease, the
prevalence of severe complications in the general population is low; (2) There are
currently no approved drug therapies. (3) Lack of large scale cost effectiveness anal-
ysis. Compared to the low prevalence of severe complications in the general popula-
tion, the prevalence/incidence of fibrosis and HCC increases in diabetic and obese
persons. Thus, there is a consensus among some of the international professional
associations to screen obese and T2DM patients for NAFLD [16—-19]. The European
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Table 2.1 Screening recommendations for NAFLD

Professional AASLD |NICE AISF

association EASL [16] [20] [17] [21]

Systematic No No No No

screening

Screening in high | Diabetes and/or metabolic risk factors; | No Obesity, No

risk populations obesity, metabolic syndrome, diabetes
persistently abnormal liver enzymes

Modalities of liver enzymes Abdominal US Abdominal

screening usS

Adopted from [22]

Association for the Study of the Liver (EASL) also recommends screening patients
with features of the metabolic syndrome by liver enzymes and or AUS. It is empha-
sized that the presence of NAFLD should be assessed in these patients irrespective
of the liver enzymes level, since T2DM patients are at high risk of disease progres-
sion [16]. In contrast, the American Association for the Study of Liver Diseases
(AASLD) and the Italian Association for the Study of the Liver (AISF) do not rec-
ommend screening for fatty liver [20, 21]. Nonetheless, the AASLD recommends a
high index of suspicion for NAFLD and NASH in patients with T2DM (Table 2.1).

Step 2: Diagnosing NAFLD

NAFLD is usually detected either by investigation of abnormal liver enzymes or fol-
lowing incidental detection of hepatic steatosis on AUS. Detection of these patients
may also occur in the framework of screening programs for NAFLD in high risk
patients. In all cases, it is important to rule out other liver diseases, including alco-
holic liver disease (ALD), viral hepatitis, drug related, autoimmune or metabolic

disease, that may cause steatosis or elevation of liver enzymes.

Standard Blood Tests

Elevated liver enzymes are the most common blood test abnormality to trigger an
investigation for NAFLD, but have important drawbacks. It is estimated that liver
enzymes may be normal in up to 80% of NAFLD patients [11, 23]. When liver
enzymes are elevated, the aberration is commonly a slight to modest elevation of
alanine transaminase (ALT) and aspartate transaminase (AST). AST and ALT levels
are usually between x2-5 the upper limit of normal (levels above 300 IU/L are rare),
with an AST:ALT ratio <1 [24]. An AST: ALT ratio >2 increases the likelihood of
alcoholic liver disease, and this likelihood increases further if the ratio exceeds 3.
Gamma glutamyl transferase (GGT) may represent a complementary test to identify
patterns of alcoholism or alcohol abuse, but GGT by itself is not helpful in estab-
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lishing a diagnosis of alcoholic liver disease [24]. Elevated carbohydrate deficient
transferrin (CDT) and high MCV may also imply chronic alcohol consumption.
The sensitivity for detection of daily ethanol consumption of more than 50 g is 69%
for CDT and 73% for GGT. The specificity is 92% for CDT and 75% for GGT,
respectively [25]. An AST/ALT ratio >1 is also characteristic of cirrhosis (of any
etiology) [24].

Although many individuals with NAFLD, suggested by hepatic steatosis on
imaging, may have normal liver enzymes, the presence of abnormal liver enzymes
signals a higher likelihood for NASH with or without fibrosis, and warrants fur-
ther clinical evaluation [24]. It is important to note that the degree of aminotrans-
ferase elevation does not predict the extent of hepatic injury, and having normal
liver enzymes is not synonymous to the absence of steatosis or fibrosis in adults as
well as in pediatric NAFLD [23, 26-28]. On the other hand, NASH resolution fol-
lowing weight reduction by lifestyle intervention was demonstrated to be strongly
related to normalization of ALT (<19 in females or <30 in males) [29]; leading to
the development of a NASH resolution calculator (http://www.aeeh.es/calculadora-
nashres/), in which normalization of ALT is an item [30].

Another marker of liver damage is serum ferritin. Elevation of serum ferritin
levels is common in NAFLD patients, and usually indicates disease progression.
There is evidence that serum ferritin greater than 1.5 times the upper normal limit is
associated with the diagnosis of NASH and advanced hepatic fibrosis in both males
and females [31-34]. Notably, in patients with high serum ferritin and increased

iron saturation, the AASLD recommends exclusion of hemochromatosis [20].

Diagnostic Modalities for Steatosis and NASH

A number of diagnostic radiological imaging modalities can confirm the presence of
hepatic steatosis—AUS, CT, MRI, and FibroScan Controlled Attenuation Parameter
(CAP). Use of AUS is the most commonly used first-line imaging modality to assess
for suspected NAFLD. Its main advantages are low cost and broad availability, but
it has limited sensitivity in morbidly obese patients, and in the presence of less than
20% steatosis (assessed by liver biopsy) [16, 20].

Some serum markers can also detect steatosis, but with limited validity. Such
markers are usually used for large scale screening studies and not in the setting of
primary care clinics. Better validated steatosis scores include the Fatty Liver Index
(FLI) [35], the lipid accumulation product (LAP) [36] and the Steatotest [37] (costly
and not available in clinical practice). The FLI takes into account BMI, waist cir-
cumference, triglycerides and GGT levels (a free web-based calculator is available).
A score < 30 has a sensitivity of 87%j; and a score > 60 has a specificity of 86% for
detection of hepatic steatosis [35].

Steatohepatitis is a histological diagnosis, defined as the combined presence of
steatosis (>5% of hepatocytes), inflammation and hepatocyte injury (ballooning).
At present, there are no well-established biomarkers to distinguish NASH from
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NAFL. Circulating levels of keratin 18 fragments (CK-18), which are released from
apoptotic or dead cells, have been extensively investigated. However, CK18 has
limited validity as a screening test for NASH and is currently not available in clini-
cal care settings [38, 39].

Step 3: Risk Stratification of NAFLD Patients:

Liver fibrosis is the only parameter that was found to be correlated with liver-
related morbidity, liver transplantation and liver-related mortality in patients with
NAFLD. Therefore, risk stratification, based on the presence or absence of advanced
fibrosis, is recommended in this patient population [40—42]. Patients with advanced
fibrosis or cirrhosis (Metavir stages F3 or F4, respectively) are at risk for clinically
significant liver outcomes (i.e. complications of cirrhosis, need for liver transplanta-
tion or liver-related death), and should be referred to specialist care for early detec-
tion and management of cirrhosis and its complications. Patients with no fibrosis or
minimal fibrosis (Metavir stages FO or F1, respectively) are considered to be at low
risk for liver-related outcomes, and can be followed in primary care settings, with
periodic reassessments [16, 42].

A number of clinical factors may suggest an increased risk for advanced liver
fibrosis, including age >50, male gender, alcohol consumption, severe obesity, and
presence of the metabolic syndrome (the risk for advanced fibrosis increases with
increasing metabolic burden), elevated transaminases (>x2 upper limit of normal),
and an elevated ferritin level [20, 31, 43-47]. T2DM is also associated with more
severe manifestations of NAFLD, including advanced fibrosis, cirrhosis and HCC
[48]. Thus, the pre-test probability of advanced fibrosis in an obese 55 year-old
patient with T2DM and other features of the metabolic syndrome is significantly
higher than that in a young, overweight patient without these comorbidities. This
should be taken into account in risk assessment, as NAFLD patients with multiple
clinical risk factors may benefit from early referral to specialist care [49]. Finally,
patients in whom there is suspicion for cirrhosis (e.g. compatible physical examina-
tion findings, AST/ALT >1 in the absence of alcohol consumption, splenomegaly,
thrombocytopenia) should be referred promptly for further evaluation and manage-
ment in a liver clinic.

While liver biopsy remains the gold standard for diagnosing NASH and fibrosis
in patients with NAFLD [20], it is not feasible or justified in all NAFLD patients.
Consequently, a number of non-invasive measures have been developed, that aid in
classification of patients with NAFLD into those who are, or are not, at increased
risk for advanced fibrosis [50-54]. The use of non-invasive tools to assess liver
fibrosis for initial risk stratification in clinical settings is endorsed by professional
societies [16] and is becoming widespread, while liver biopsies are increasingly
reserved for situations in which: (a) a diagnostic question remains as to whether
the patient has NAFLD or another liver disorder—for example, in patients with
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significant liver enzyme elevations or high titres of autoimmune antibodies, patients
without metabolic syndrome, etc. Notably, given the high prevalence of NAFLD,
it is not uncommon for patients with other liver disorders to also have NAFLD. (b)
To accurately establish or confirm the degree of histological damage to the liver,
particularly in subjects who are suspected to have advanced fibrosis or cirrhosis
based on high-risk clinical features [49], or suggestion of advanced fibrosis by non-
invasive tests.

Currently available, commonly used non-invasive tools to classify NAFLD
patients into those who are at high versus low risk for advanced fibrosis include
laboratory test-based risk scores (e.g. Fibrosis 4 (FIB4); NAFLD fibrosis score
(NFS) or the Enhanced Liver Fibrosis (ELF) panel), and imaging modalities (e.g.
Fibroscan—Vibration Controlled Transient Elastography (VCTE)—the most wide-
spread and studied of these methods; Acoustic Radiation Force Impulse elastogra-
phy, and Magnetic resonance elastography (MRE)). It is notable that all of these
methods have been validated in comparison to liver biopsy as a gold standard,
which has imperfect accuracy by itself (due to sampling error and intra- and inter-
observer reliability), leading to an inherent bias in the performance accuracy of
these non-invasive tests.

Non-invasive Assessment of Fibrosis
Laboratory Test-Based Risk Scores

A number of risk scores have been developed based on readily available clinical and
laboratory parameters that are simple to use at point of care with the help of web-
based calculators, and can be implemented into computerized medical systems.
These include, among others, the APRI (AST to platelet ratio index) [55], BARD
(BMI; AST/ALT ratio; diabetes) score [56], FIB4 (Age; AST; ALT; platelets) and
NFS (Age; BMI; AST; ALT; albumin; impaired fasting glucose/diabetes) scores. Of
these, FIB4 and NFS have been most extensively studied and validated in diverse
populations, and shown to predict overall mortality, cardiovascular mortality and
liver-related mortality in patients with NAFLD [16]. FIB4 and the NFS are currently
recommended for the initial assessment of subjects with NAFLD and metabolic
risk factors [16, 20, 42], who are older than 35 years of age (alternative modalities
for fibrosis assessment are recommended in younger patients) [57]. FIB4, which
is calculated as Age x AST (IU/L)/platelet count (x109/L) x \/ ALT (IU/L), has
an area under the receiver operating characteristic curve (AUROC) >0.8 for detec-
tion of stage F3 or F4 fibrosis. The NFES is calculated as: —1.675 + 0.037 x age
(years) + 0.094 x BMI (kg/m?) + 1.13 x impaired fasting glycemia (IFG) or diabetes
(yes = 1, n0 = 0) + 0.99 x AST/ALT ratio — 0.013 x platelet (x10°/1) — 0.66 x albu-
min (g/dL); an AUROC 0.85 for detection of advanced fibrosis was reported for
the NFS in a meta-analysis of 13 studies, that included 3064 patients with NAFLD
[14]. Commercial laboratory test-based risk scores for fibrosis include such tests
as the proprietary ELF® panel, Fibrotest®, FibroMeter® and Hepascore® [52, 58].
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In contrast to the FIB4 and NFS, that incur minimal additional costs, being based
on routine lab tests that have often already been done in the patient, these tests
are proprietary algorithms that include non-routinely tested parameters (e.g. for
Fibrotest®: alpha 2 macroglobulin, haptoglobin and apolipoprotein Al [59]; for
ELF®: procollagen III amino terminal peptide, hyaluronic acid and tissue inhibi-
tor of matrix metalloproteinase-1, which are direct markers of fibrosis [60, 61]),
carry additional costs, and depend on local availability. For Fibrotest®, which has
been validated in NAFLD as well as other common liver diseases, a mean standard-
ized AUROC for advanced fibrosis of 0.84 (95% CI 0.76-0.92) has been reported.
The AUROC, sensitivity and specificity of the ELF panel have been reported to be
0.90, 0.80 and 0.90, respectively, for identifying advanced fibrosis [62]. The test has
been approved for commercial use in Europe, and has been recommended as a test
of choice for ruling out advanced fibrosis in NAFLD patients in a 2016 National
Institute for Health and Care Excellence (NICE) guideline [17].

For the FIB4 and the NAFLD fibrosis score, two cut-off values are defined. Patients
who score lower than the lower cut-off value (FIB4 score < 1.3; NFS < —1.455)
[42, 57] can be regarded as having a low risk for advanced fibrosis, and do not
need to be referred to a hepatology clinic at that point in time (in NAFLD patients
>65 years of age, recommended lower risk cut-offs are <2.0 and <0.12 for the FIB4
and NAFLD fibrosis scores, respectively [57]). According to the current EASL rec-
ommendations, such patients should be non-invasively re-assessed after 2 years.
In patients whose score is higher than the higher cut-off value (FIB4 score > 2.67;
NFS >0.675), there is suspicion of advanced fibrosis or cirrhosis, and these patients
should be referred to a hepatology clinic for further assessment. Thirty to fifty per-
cent of patients have an indeterminate score, and in these cases, additional testing is
needed (e.g. by the ELF panel or VCTE). Although 2 cut-off values have also been
defined for the ELF panel, the NICE guideline refers to a single cut-off value (10.51)
[In recently published guidelines from the British Society of Gastroenterology, the
recommended cut-off is 9.5 [42].] for prediction of advanced fibrosis. According
to the guideline, adult subjects with an ELF panel score below this cut-off can be
reassured that they do not have advanced fibrosis, and should be followed up by an
additional ELF test after 3 years [17].

Generalizability to Primary Care Settings

Most of the clinical and laboratory parameter-based risk scores have been developed
and validated in specific patient populations attending liver clinics; this should be
kept in mind when considering their widespread use in different patient populations
(e.g. patients with diabetes, elderly patients, patients attending primary care clinics
[63]). In line with this, questions have been raised regarding the generalizability of
current cut-offs for all NAFLD patients. For example, it has been shown that the
performance of FIB4 and NFS may differ with age [57], that the performance of
APRI, BARD, FIB4 and NFS may differ with the degree of steatosis [64], that the
performance of ELF may differ with age [65, 66] or gender [65] and that biomarker
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panels for the diagnosis of NAFLD, NASH and advanced fibrosis (SteatoTest,
ActiTest, NashTest and FibroTest) may underperform in patients with T2DM [67].
As the prevalence of NAFLD among patients with T2DM is high, and diabetes has
been repeatedly shown to be a key predictor for advanced fibrosis, it is very impor-
tant that non-invasive risk scores would be applicable to this patient population
[10, 68, 69]. It was recently suggested that the frequency of indeterminate or high
scores of fibrosis is higher in patients with T2DM. In a cross-sectional analysis of a
study involving higher-risk patients with obesity, metabolic syndrome or diabetes,
more than 84% of patients had indeterminate or high NFS or FIB4 scores, requir-
ing further assessment [66]. A clinical model based on routinely available clinical
and metabolic biochemical factors has been developed specifically for patients with
T2DM, to determine the likelihood of NASH (AUROC 0.8) and advanced fibrosis
(AUROC 0.8). The sensitivity and specificity for both NASH and advanced fibrosis
was 57% and 90%, respectively. However, the main limitation of this tool was high
percent of gray zone; 44% of patients could not be classified for NASH and 87%
could not be classified for advanced fibrosis [70].

Liver Elastography-Based Assessment

Several liver elastography devices have been evaluated in cohorts of patients with
NAFLD: vibration-controlled transient elastography (VCTE), shear-wave elas-
tography (SWE), acoustic radiation force impulse (ARFI) imaging and magnetic
resonance elastography (MRE). Fibrosis assessment is expressed as liver stiffness
measure (LSM), measured in kilo-pascals (KPa); notably, the LSM ranges and
cut-offs are different for the different modalities, and cannot be directly compared.
Choice depends largely on availability and cost considerations. Advantages of SWE
and ARFI include the combination of conventional ultrasound with liver stiffness
measurements, allowing focus on an anatomic region of interest [71], and the capa-
bility to obtain liver stiffness values in patients with ascites [72, 73]. MRE may
be more accurate than ultrasound-based modalities, has a lower risk of failure in
patients with severe obesity, and measures a larger area of the liver, which may
reduce sampling variability secondary to heterogeneity of fibrosis [74]. In a cross-
sectional study of more than 100 patients, MRE was found to be more accurate
than VCTE in identification of liver fibrosis (stage 1 or more), using biopsy analy-
sis as the standard [75]. However, at present, MRE is expensive and not widely
available in most geographies, and is used mostly in the setting of clinical trials.
Currently, VCTE is the most common and widely clinically available diagnostic
modality [76-79]. VCTE is performed using a Fibroscan® device (Echosens. Paris,
France). It has been validated and found to be accurate across a wide spectrum of
chronic liver disorders, and has important advantages, including: (1) It can be done
at the point of care; (2) It is simple to learn; (3) It is well tolerated by patients; (4)
Exam duration is short; (5) It assesses a liver volume that is x100-200 greater than
that assessed by a liver biopsy; and (6) There are standardized quality criteria [an
adequate VCTE examination includes ten valid shots (>60% success rate), with an
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interquartile range (IQR)-to-median LSM ratio of <0.3). In a meta-analysis of nine
studies on VCTE, that included 1047 NAFLD patients, accuracy was moderate for
F > 2 (sensitivity and specificity 79% and 75%, respectively), and very good for
F3 and F4 [sensitivity and specificity both 85% for F3; sensitivity and specificity
both 92% for F4 [79]; AUROC 0.83 the prediction of F3/F4 fibrosis] [53]. Another
advantage of VCTE is a simultaneous measurement of the controlled attenuation
parameter (CAP) score that provides a quantitative assessment of hepatic steatosis
[77]. Limitations of VCTE include high failure rates in patients with a narrow inter-
costal space or ascites, interference of liver stiffness measurements by extrahepatic
cholestasis, elevated central venous pressure, post-prandial hepatic hyperaemia
(patients should fast for 2-3 h) or acute liver injury, and reduced reproducibility
in early stages of fibrosis and in the presence of steatosis [75, 80-82]. Notably, a
relatively high failure rate that was reported for this modality in the past, especially
in obese patients, has largely been overcome with the introduction of an additional
probe (the XL probe), for use in subjects with BMI >30 kg/m? [76].

Approach to the Use of Non-invasive Fibrosis Assessment
in Patients with NAFLD in Primary Care Settings

Recent guidelines recommend that calculation of FIB4 or NFS be the first step in
risk assessment of NAFLD patients, to be done in primary care settings in which
subjects with NAFLD are routinely followed. In fact, recent British Society for
Gastroenterology guidelines recommend incorporation of calculation of FIB4 and
NFS in all primary care computer systems [42]. Of interest in this regard, in health-
care records for 17.7 million adults from four large European primary-health-care
databases, in which the FIB-4 could be calculated in 40.6% of patients, 1/3 had
intermediate or high-risk scores [83]. According to current EASL guidelines, for
subjects without liver enzyme elevation and with FIB4 or NFS scores consistent
with a low risk for advanced fibrosis, follow-up should be by repetition of liver
enzyme tests and FIB4 or NFS scores after 2 years [16]. Recent guidelines from
the UK recommend repeat assessment after 2—5 years, depending on clinical risk
[42]. Subjects whose liver enzymes are above the upper limit of normal or FIB4 or
NFS scores above the higher cut-off should be referred to a hepatology clinic for
further assessment. Subjects with indeterminate NFS or FIB4 scores can be referred
to a second tier non-invasive assessment, such as VCTE or ELF; this approach is
supported by studies that showed that combinations of non-invasive tests increase
accuracy of prediction [16, 42, 74, 84, 85].

In subjects in whom the second non-invasive test indicates a low risk for advanced
fibrosis, recommended follow-up is similar to that in subjects who were assessed
as having a low risk for advanced fibrosis in the initial non-invasive test (FIB4
or NFS). The approach to NAFLD patients in whom a non-invasive test reveals
advanced fibrosis is individualized, and adjusted to the subject’s clinical features.
When the initial test indicating a risk for advanced fibrosis is the FIB4 or NFS score,
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a second tier non-invasive test (e.g. VCTE) is sometimes done. However, in view
of suboptimal specificity and positive predictive value (PPV) of all non-invasive
modalities, and taking into account the significance of cirrhosis diagnosis for the
individual patient, the impact of this diagnosis on the use of healthcare resources
and additional information that can be obtained from a liver biopsy, a permissive
approach to referring such patients to a liver biopsy is usually practiced [42, 85].

Future Perspectives

There is an unmet need for additional non-invasive tools, that is likely to increase
in the foreseeable future, with the advent of new therapies for non-alcoholic steato-
hepatitis [86]. The target population for such interventions, as reflected by recent
guidance documents from the US Food and Drug Administration (FDA) [87] and
European Medicines Agency (EMA) [88], is of patients who are at risk of cirrho-
sis, defined histologically as NAFLD activity score (NAS) >4 and F > 2. Current
non-invasive measures are not useful for detection of this population, and research
is ongoing to develop non-invasive tools that would enable identification of rel-
evant patients without a liver biopsy. The NIS4 algorithm, that is being commer-
cially developed by Genfit and is based on four parameters (Alpha 2 macroglobulin,
miR-34a, YKL-40 and Hemoglobin Alc) [89], and the FS3 [90] algorithm, that is
based on fibroscan assessment (CAP and LSM scores) combined with AST, hold
promise to meet this end. Another important area of unmet need pertains to accurate
non-invasive follow-up of fibrosis in NAFLD patients over time. Current guidelines
recommend periodic re-assessment of liver fibrosis by the available non-invasive
tools (FIB4, NFS [16, 20, 42] or ELF). Re-assessments may indicate progression of
fibrosis, as suggested by a recent study in which APRI, FIB4 and NFS could detect
progression to severe fibrosis with a C statistic of 0.82, 0.81 and 0.80 respectively
[91]. Non-invasive tools are sought that can more reliably differentiate between
fibrosis stages as a continuum; in addition to indicating disease progression, such
tools may be useful to monitor the therapeutic benefit of new treatments for NASH.
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