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Abstract

Nonalcoholic fatty liver disease (NAFLD) has rapidly become the most common form of chronic
liver disease in the United States affecting approximately 80-100 million Americans. NAFLD
includes a spectrum of diseases ranging from nonalcoholic fatty liver (NAFL) to nonalcoholic
steatohepatitis (NASH) to fibrosis and eventually cirrhosis. Patients with NASH and significant
fibrosis on liver biopsy have an increased risk for liver-related morbidity and mortality compared
to those with NAFL. Due to the high prevalence of NAFLD and its progressive nature, there has
been an urgent need to develop reliable noninvasive tests that can accurately predict the presence
of advanced disease without the need for liver biopsy. These tests can be divided into those that
predict the presence of NASH and those that predict the presence of fibrosis. In this review, we
provide a concise overview of different noninvasive methods for staging the severity of NAFLD.
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1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most common form of chronic liver disease
in Western countries and is estimated to affect one in three adults and one in ten children in
the United States [1-3]. Moreover, the prevalence of this condition in certain high risk
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groups is extremely high reaching 90% in severely obese individuals undergoing bariatric
surgery and 70% in patients with type 2 diabetes [4, 5]. The term NAFLD includes a
spectrum of diseases ranging from nonalcoholic fatty liver (NAFL), which is considered a
benign form of the disease with low risk of progression, to the aggressive form of
nonalcoholic steatohepatitis (NASH) which can progress to fibrosis and eventually cirrhosis
[6]. Indeed, recent data have shown that NASH is the third most common indication for liver
transplantation in adults in the United States and is expected to become the leading
indication over the next 1-2 decades [7].

Despite its high prevalence and potential for progression to end-stage liver disease, current
practice guidelines do not support screening for NAFLD in adults attending primary care
clinics or high-risk groups attending diabetes or obesity clinics due to uncertainties
surrounding diagnostic tests and treatment options [8]. However, with the development of
new reliable methods to quantify liver steatosis [9, 10] and the rapid pace for drug discovery
of new therapeutic agents to treat NASH and fibrosis [11], it is anticipated that screening for
NAFLD in high risk populations will become the standard of care in the near future. This
will lead to the identification of a larger number of subjects with NAFLD requiring further
identification of those with NASH and liver fibrosis to be targeted by intensive lifestyle
modifications and new drugs.

In this review we will discuss biomarkers, predictive models, and imaging studies that can
help with identifying those high-risk patients with NASH and fibrosis within the spectrum of
NAFLD.

2. Noninvasive Assessment of Nonalcoholic Steatohepatitis (NASH)

NASH is a serious condition that can progress to cirrhosis and its complications including
portal hypertension and hepatocellular carcinoma [6, 12, 13]. Cirrhosis develops in 21% to
28 % of NASH patients compared to only 3% of patients with NAFL [6]. Indeed, a recent
meta-analysis demonstrated that compared to NAFL, the hazard ratio for liver-related
mortality was 5.7 times higher for patients with NASH [14] indicating that the natural
history of NAFLD-related liver morbidity and mortality depends on the histological severity
as determined by the presence of NASH. It is important for the clinician to realize that
neither liver enzymes nor currently used imaging studies can accurately predict the presence
of NASH.

2.1. Biomarkers of NASH

2.1.1. Biomarkers of Hepatocyte Apoptosis—Increased hepatocyte apoptosis in
the liver is a central mechanism that contributes to disease progression to NASH and the
development of fibrosis [15]. Apoptosis occurs via two pathways: extrinsic mediated by
death receptors such as Fas and intrinsic mediated by mitochondrial damage. Both pathways
can eventually lead to the activation of caspase 3 which cleaves different intracellular
substrates including the intermediate filament protein cytokeratin 18 (CK18). CK18
fragments that are generated by caspase 3 can be measured in the serum using the M30
antigen-monoclonal antibody ELISA and are significantly higher in patients with NASH
compared to those with NAFL [16, 17]. Serum concentration of CK18 fragments as a
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noninvasive marker of the presence of NASH has been extensively validated in multiple
studies with a pooled area under the receiver operating characteristic curve (AUROC) of
0.82 [95% confidence interval (Cl) 0.76-0.88] [14] and has been recognized as the most
promising single noninvasive test for this purpose by the AASLD guidelines for the
diagnosis and management of NAFLD [8]. However, it should be noted that this assay is not
commercially available yet and that there is no well-established CK18 fragment cutoff value
for identifying NASH because each study utilized a study-specific cutoff value. More
recently, our group has shown that circulating CK18 fragment levels correlated with the
presence of NASH and its individual histologic features in a large cohort of children with
biopsy-proven NAFLD[18]. Importantly, serum CK18 fragment levels decreased
significantly with improvement in liver histologies in response to treatment in two large
randomized controlled trials that included both adults and children [19]. These findings
indicate that serum CK18 fragments could become an attractive biomarker for monitoring
response to different therapeutic agents [20]. Other cell death biomarkers that have been
evaluated to diagnose NASH include uncleaved CK18 (released from hepatocyte during both
necrosis and apoptosis and measured using the M65 antigen) and soluble Fas and Fas ligand
(markers of the extrinsic apoptosis pathway) [21-24]. However, the available data are
limited and require further validation before integration into clinical practice.

2.1.2. Biomarkers of Oxidative Stress and Inflammation—Oxidative stress (OS)
plays a central role in hepatocyte injury and disease progression to NASH [25-29], yet
precise molecular species have not yet been identified. Several oxidation pathways
contribute to lipid peroxidation in NASH including enzymatic and non-enzymatic free
radical mediated processes. Each of these pathways generates different oxidation products
that can be quantified. Chalasani et al. measured systemic lipid peroxidation in patients with
biopsy-proven NASH and age-, gender-, and BMI-matched controls and showed that both
oxidized LDL and thiobarbituric acid-reacting substances were significantly higher in the
NASH group [30]. By using mass spectrometry approach, our group has demonstrated that
products of free radical-mediated oxidation of linoleic acid (9- and 13-HODESs and 9- and
13-0x0ODEs) measured in the plasma, were significantly elevated in patients with NASH
compared to those with SS and normal liver biopsy [31]. Based on these findings, we
developed the oxXNASH score which is calculated from the ratio of 13-HODE to linoleic
acid, age, BMI, and AST. Patients with oxNASH score > 72 were 10 times more likely to
have NASH compared to those with oxNASH score < 47 (18) and the score correlated with
each of the histological features that define NASH including steatosis, ballooning, and
inflammation [32].

Levels of pro-inflammatory cytokines such as tumor necrosis factor a a (TNFa) and
interleukin 6 [33, 34] have been shown to be higher in NASH compared to NAFL but the
differences have not been significant enough to allow the use of these cytokines as
noninvasive markers. Many other cytokines (IL-1B, macrophage inflammatory proteins) and
adipokines (resistin, visfatin, retinol binding protein-4) have been studied as potential
biomarkers with conflicting results. Blood neutrophil to lymphocyte (N/L) ratio is a simple
indicator of the overall inflammatory status of the body that has been used to predict
outcomes in patients with cancer. Our group studied N/L ratio as a noninvasive marker of
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NAFLD severity and demonstrated that this ratio was higher in patients with NASH
compared to those with NAFL [35]. Recently, Kowdley et al. have demonstrated that
elevated ferritin > 1.5 the upper limit of normal was associated with the diagnosis of NASH
and advanced fibrosis in a large cohort of biopsy-proven NAFLD patients enrolled in the
NASH Clinical Research Network [36].

2.2. Predictive Models of NASH

Multiple predictive models that combine routinely assessed clinical variables with laboratory
tests and different biomarkers have been developed to predict the presence of NASH.
Examples of predictive models that include the combination of clinical and laboratory data
include the HAIR score [Hypertension, Aspartate aminotransferase (ALT), Insulin
Resistance] [37] and the NASH predictive index or NPl which includes age, female gender,
body mass index (BMI), homeostatic model assessment (HOMA) of insulin resistance, and
log [aspartate aminotransferase (AST) x ALT] [38]. The accuracy of these models for
predicting the presence of NASH is promising (AUROC of 0.87 to 0.90), but they lack
external validation. The NASHTest was developed in a set of 160 patients using the
combination of 13 clinical and biochemical variables including age, gender, weight, height,
and serum levels of cholesterol, triglycerides, a2 macroglobulin, apolipoprotein A1,
haptoglobin, gamma glutamyl transferase (GGT), ALT, AST and bilirubin [39]. The
AUROC for diagnosing NASH as determined by liver biopsy was 0.78. The NASHTest has
been validated in a cohort of 97 patients from different centers. Recent data from genome
wide association studies have provided information on major genetic determinant of NAFLD
and its severity, with the PNPLAS3 genotype being a strong noninvasive biomarker that can
predict the presence of histological NASH [40]. The PNPLA3 genotype was utilized to
develop the “NASH score” which also includes insulin and ASLT levels and has shown good
accuracy in two independent European cohorts [41]. Future work is needed to evaluate these
predictive models in different populations and to establish their usefulness in predicting
clinical outcomes and response to therapy before they can replace liver biopsy as the gold
standard for diagnosing NASH.

2.3. Novel Approaches to Diagnosing NASH

Microparticles (MPs) are small extracellular vesicles that are released through controlled
blebbing of the plasma membrane from activated or dying cells [42]. They are essential for
cell-to-cell communications and carry signatures from the original cells including lipids,
proteins, receptors, and RNAs. Importantly, MPs are released from the tissue of origin into
the blood stream which makes ideal candidates as noninvasive biomarkers. Recent pilot
studies demonstrated that patients with NAFLD had increased levels of MPs from
macrophages/monocytes (CD14+) and invariant natural Killer cells ant that the levels of
these MPs correlated with serum ALT and the histologic severity of NASH [43]. It should be
noted that MPs derived from inflammatory cells are not liver specific and could be elevated
in other extrahepatic immune and inflammatory conditions. Therefore, we studies
hepatocyte-derived MPs that are released in response to free-fatty acid induced lipotoxicity.
By using a proteomic approach, we identified a potential signature in blood MPs that can
discriminate between NASH and NAFL [44]. MPs released in NASH were associated with
higher number of proteins involved in cell death, angiogenesis, and inflammation.
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Another novel approach to diagnosing NASH is the analysis of volatile organic compounds
(VOCs) in the exhaled breath. Breath testing is becoming an increasingly important
noninvasive diagnostic method that can be used in the evaluation of health and disease states
[45, 46]. More recent technological advancements in breath testing and analysis, such as gas
and liquid chromatography and mass spectrometry, have made it possible to identify
thousands of VOC:s in the breath. Some of these compounds are considered as markers of
oxidative stress and can indicate the presence of reactive oxygen species that are derived
from peroxidation of polyunsaturated fatty acids [47]. A recent study by Verdam et al
analyzed VOC:s in the exhaled breath of 65 obese subjects undergoing bariatric surgery and
liver biopsy [48]. They found that three VOCs (n-tridecane, 3-methyl-butanonitrile, and 1-
propanol) were sufficient to distinguish patients with NASH and without NASH with
AUROC of 0.77 (95% CI 0.64-0.89). Further work is needed to determine the exact origin
of these VOCs and to validate these data in other groups of patients. Given its simplicity and
safety, analysis of the exhaled breath could become a first line screening tool for NASH.

3. Noninvasive Diagnosis of Liver Fibrosis

NASH-associated fibrosis has different stages ranging from absent (stage FO) to cirrhosis
(stage 4) with fibrosis stage F2—F4 considered clinically significant and fibrosis stages F3-
F4 considered advanced fibrosis. When interpreting studies on noninvasive tests for hepatic
fibrosis, it is important to determine their primary objective whether it is the identification of
any fibrosis, clinically significant fibrosis, or advanced fibrosis. Risk factors that have been
shown to predict the development of progressive fibrosis and cirrhosis include: older age,
severe obesity, type 2 diabetes, elevated AST-to-ALT ratio, hypertension, dyslipidemia, and
the presence of the metabolic syndrome, [37, 49, 50]. The stage of liver fibrosis is
potentially the most important factor in determining the prognosis of NAFLD and predicting
the risk of progression to cirrhosis and its complications [51]. In fact, two recent landmark
studies have clearly established liver fibrosis as the strongest predictor of long-term
outcomes in patients with NAFLD including liver-related and overall mortality [52, 53].

Therefore, many noninvasive strategies have been developed to predict the stage of liver
fibrosis in this patient population. Non-radiological tests can be divided into simple bedside
models using combination of clinical variables [50, 54] and more complex models that use
serum markers of fibrosis such as the enhanced liver fibrosis (ELF) test [55]. Imaging
studies are based on the idea of measuring liver stiffness to assess for the presence of liver
fibrosis.

3.1. Simple Predictive Models for Fibrosis

The AST-to-ALT ratio (AAR) is the simplest predictive model for fibrosis. ALT is typically
higher than AST in NAFLD; however, having an AAR > 1 is suggestive of the presence of
advanced fibrosis. AAR has a good negative predictive value to rule out advanced fibrosis
[56] as shown in Table 1. The BARD score is derived from the weighted sum of 3 variables
(BMI = 28 = 1 point, AST-to-ALT Ratio = 0.8 = 2 points, the presence of Diabetes = 1
point) with scores of two or more being associated with advanced fibrosis (AUROC ranging
from 0.70 to 0.81) [54, 56, 57].
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The FIB4 index includes age, platelet count, ALT and AST [58]. It can be calculated using
the following online calculator: http://gihep.com/calculators/hepatology/fibrosis-4-score/.
Although the FIB4 index was originally developed to stage liver fibrosis in patients with
hepatitis C infection, it has shown promising results in patients with NAFLD with a cut-off
value of < 1.3 having a negative predictive value of 90-95% for ruling out advanced fibrosis
[56, 57].

Perhaps the most validated score to date is the NAFLD fibrosis score (NFS) which was
developed by Angulo et al in a large cohort of patients with NAFLD confirmed by biopsy to
predict advanced fibrosis [59]. NFS includes age, impaired fasting glucose/diabetes, BMI,
platelets, albumin and AST-to-ALT ratio with two cut-off values: < — 1.455 to predict the
absence of advanced fibrosis (FO-F2) and > 0.675 to predict the presence of advanced
fibrosis (F3-F4). This score has been validated in multiple studies with an estimated
AUROC of 0.85 (95% CI 0.81-0.90) [14] and has been acknowledged by the current
NAFLD guidelines as a clinically useful tool for identifying advanced fibrosis in NAFLD
patients [8] (http://nafldscore.com/). Another advantage of the NFS is its ability to provide
prognostic information and identify patients with NAFLD who are at increased risk for liver-
related complications (such as ascites and gastroesophageal varices) or death [60]. A major
limitation of this score is that a significant percentage (20-58%) of patients fall between the
two proposed cutoff values and will have an indeterminate score. Overall, these simple
predictive models perform best at excluding advanced fibrosis/cirrhosis and could be used as
a first line test to identify individuals at low risk for advanced disease [61].

3.2. Complex Predictive Models for Fibrosis

The European Liver Fibrosis (ELF) panel was developed based on the concept that liver
fibrosis is a dynamic process that result in increased serum levels of extra-cellular matrix
turnover markers. ELF includes three biomarkers of fibrosis: hyaluronic acid, tissue inhibitor
of metalloproteinase 1, and aminoterminal peptide of procollagen 111 with an excellent
performance for predicting advanced fibrosis [AUROC of 0.90 (95%CI 0.84-0.96)] [55].
Similar to the NFS, the ELF panel has been shown to be a good predictor of clinical
outcomes (liver-related morbidity/liver-related death) in a group of patients with chronic
liver disease including those with NAFLD making it a promising prognostic tool [62].

The FibroTest is another panel that predicts the presence of fibrosis by using five
biomarkers (haptoglobin, a2-macroglobulin, apolipoprotein Al, total bilirubin, and GGT).
The diagnostic value of FibroTest was assessed in a large cohort of NAFLD patients and
demonstrated that it can reliably predict advanced fibrosis with an AUROC of 0.88 (95% ClI
0.82-0.92) [63]. However, caution should be exercised when interpreting the results of this
test in those with Gilbert’s syndrome, cholestasis and acute inflammation as these conditions
will increase bilirubin and haptoglobin, respectively. Fibrotest is available commercially in
the United States as part of the NASH-FibroSURE® (LabCorp, NC, USA).

3.3. Imaging Studies for Fibrosis

Over the past decade, advances in imaging studies have revolutionized the management of
liver disease by enhancing our ability to noninvasively quantify liver fibrosis. These studies
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estimate liver stiffness measurement (LSM), or elastography, by creating an elastic shear
wave through liver tissue and then measuring its velocity which is directly proportional to
tissue stiffness. Vibration controlled transient elastography (VCTE) or FibroScan ®
(EchoSens, Paris, France) was the first imaging technology to make it to the hepatology
clinic as a simple point of care way to assess hepatic fibrosis. The clinician induces a mild
amplitude and low frequency shear wave into liver tissue from a small mechanical vibrator
at the end of the FibroScan probe (Figure 1). VCTE evaluates a representative volume of the
liver that is 100-fold greater than needle biopsy and the LSM is expressed in kilopascals
(kPa) with values > 10.5 kPa being consistent with the presence of advanced fibrosis/
cirrhosis [64]. Typically, 10 successful VCTE measurements with a median interquartile
range/median ration of less than 30% are needed to have a reliable LSM. Unfortunately, the
VCTE regular probe or the M probe is less reliable in severely obese patients with NAFLD
given the effect of BMI on its performance [65]. Therefore, a new probe called the XL probe
was developed to overcome this issue in patients with BMI > 30 kg/m2 with the explored
region of interest being deeper from the skin surface to decrease the effect of thick
subcutaneous fat. It is important to note that the cutoff values to diagnose advanced fibrosis
for the XL probe may be lower than those for the M probe. Another important issue to be
aware of is the risk of overestimating liver stiffness with VCTE due to other confounding
factors such as congestive heart failure, extrahepatic cholestasis, ALT flares, and recent food
intake [66].

An alternative modality to estimate liver stiffness is acoustic radiation force impulse
(ARFI) which can be integrated on a conventional ultrasound probe thus providing LSM
during routine ultrasonography. While performing B-mode imaging, a region of interest in
the liver is targeted to be mechanically excited using acoustic push pulses. Liver stiffness is
expressed as shear wave velocity in meter per second (m/s) after calculating the median for
10 successful acquisitions. Several studies have demonstrated similar diagnostic
performance of ARFI to VCTE [67, 68]; however, the cutoff values for ARFI to diagnose
different fibrotic stages vary significantly ranging from 1.48-2.06 m/s for predicting
advanced fibrosis [69].

Magnetic resonance elastography (MRE) is another useful noninvasive modality to
diagnose fibrosis in patients with NAFLD. The device is composed of an active acoustic
driver system located outside the magnet room that produces low frequency vibrations that
are transmitted to a drum-like acoustic passive driver positioned over the liver (Figure 1).
Only a few studies have been published on the utility of MRE in NAFLD and further studies
are needed to determine the cutoff values to be used to predict different fibrosis stages. In a
retrospective study that included 142 NAFLD patients who underwent liver biopsy within 1
year of MRE, Kim et al. showed that the best cutoff for advanced fibrosis was 4.15 kPa
(AUROC = 0.954, sensitivity = 0.85, specificity = 0.929) [70]. In a recent prospective study
by Loomba et al, MRE showed promising results for discriminating advanced fibrosis (F3—
F4) from stage 0-2 fibrosis with an AUROC of 0.924 [71]. A cutoff value of > 3.63 kPa
provided a sensitivity of 86%, NPV of 97%, specificity of 91%, and PPV of 68%. A recent
study demonstrated the superiority of MRI in comparison to simple predictive model for
diagnosing advanced fibrosis in patients with biopsy proven NAFLD [72]. More importantly,
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data on the potential for magnetic resonance imaging to predict liver-related complications
are emerging [73], which may make the staging of liver fibrosis with biopsy obsolete.

4. Conclusion and Perspectives

Accurate noninvasive diagnosis of NASH and advanced fibrosis within the spectrum of
NAFLD is of utmost importance to identify patients who are likely to develop liver-related
morbidity and mortality. Despite the growing understanding of pathophysiologic
mechanisms involved in disease progression to NASH and the discovery of several
mechanism-based biomarkers, we still lack a validated non-invasive test that can accurately
predict the presence of NASH. Novel diagnostic tests for NASH such as MPs and breath
testing for VOCs are promising. On the other hand, recent advances in serology-based
predictive models and imaging studies now allow clinicians to diagnose the stage of fibrosis
in patients with NAFLD. Our approach in the hepatology clinic is to use a combination of
the NFS and VVCTE to determine the presence of advanced fibrosis as illustrated in figure 2.
This approach has been validated by Petta and colleagues in two separate Italian cohorts that
included 321 patients yielding a 0% false-positive rate and 7.3% false-negative rate [74].
More recently, Tapper et al. demonstrated the cost-effectiveness of this approach compared
to the current standard of liver biopsy [75]. We envision a future where liver biopsy becomes
obsolete for the purpose of determining the severity of NAFLD and clinicians can rely solely
on noninvasive tests to determine disease progression and response to novel therapeutic
options.
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NAFLD nonalcoholic fatty liver disease
NAFL nonalcoholic fatty liver

NASH nonalcoholic steatohepatitis
CK 18 Cytokeratin 18

oS Oxidative stress

AUROC  area under the receiver operating characteristic curve

ALT alanine aminotransferase
BMI body mass index

ALT aspartate aminotransferase
GGT gamma glutamyl transferase
VOCs volatile organic compounds
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Highlights

Nonalcoholic fatty liver disease (NAFLD) is the dominant liver disease in
the USA.

Nonalcoholic steatohepatitis (NASH) is the aggressive form of NAFLD.

Liver biopsy remains the gold standard to diagnose NASH and liver
fibrosis.

Biomarkers of hepatocyte apoptosis and inflammation are used to diagnose
NASH.

Predictive models and imaging studies that measure liver stiffness can stage
fibrosis.

Metabolism. Author manuscript; available in PMC 2017 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Alkhouri and Feldstein Page 15

I S O S S 7 N

Cutoff for F3- >10.5kPa 4.15kPa 1.48-2.06
F4
Advantages - Can be performed in dlinic - Accurate in obese patients and - Can be integrated into a
with real-time results examines the entire liver conventional ultrasound
Disadvantages - Increased failure rate with - Expensive and time consuming -  Increased failure rate with
obesity - Limited availability obesity
Expensive device - Only a few published studies - Cutoffvalues for advanced
Cutoffvalues with XL probe fibrosis vary significantly
need further validation

Figure 1. Different Imaging Studies for Liver Fibrosis in Patients with NAFLD
VCTE, Vibration controlled transient elastography; MRE, Magnetic resonance elastography;

ARFI, Acoustic radiation force impulse.
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Patient with NAFLD

NFS + VCTE

/V

NFS < -1.455
and
LSM < 7.5 kPa

- No advanced
fibrosis
- Consider
repeating every
2-3 years

Figure 2. Algorithm to Diagnose Advanced Fibrosis in NAFLD

Discordant results
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!

NFS > 0.676
and
LSM > 10.5 kPa

Liver Biopsy

!

- Advanced fibrosis
- Screen for
complications of
cirrhosis
-EGD every 2-3
years
- US every 6 months

The algorithm is based on using the combination of liver stiffness measurement (LSM) by
vibration controlled transient elastography (VCTE) plus the NAFLD fibrosis score (NFS).
Having concordant low values for both LSM and NFS indicates the absence of advanced
fibrosis and both tests can be repeated in 2-3 years. Having concordant high values for both
tests indicates the presence of advanced fibrosis and the need to screen for cirrhosis
complications including hepatocellular carcinoma and varices. Having discordant results

indicates the need for liver biopsy to determine the fibrosis stage.
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The Use of Simple Predictive Models to Rule out the Presence of Advanced Fibrosis

Table 1

Model Calculation Method Cut-Off | NPV
AAR AST/ALT <0.8 93%
BARD Score Weighted sum of BMI = 28 = 1 point,
AAR = 0.8 = 2 points,
Diabetes = 1 point <2 95%
FIB4 Index http://gihep.com/calculators/hepatology/fibrosis-4-score/ <1.30 95%
NFS http://nafldscore.com/ <-1.455 | 92%

AAR, AST-to-ALT ratio; NFS, NAFLD fibrosis score, NPV, negative predictive value.
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Reference: McPherson S, Stewart SF, Henderson E, Burt AD, Day CP. Simple non-invasive fibrosis scoring systems can reliably exclude advanced
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