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Abstract: Nonalcoholic fatty liver disease (NAFLD) is the most
common type of chronic liver disease in the United States,
affecting an estimated 70 million Americans. The histologic
spectrum of NAFLD ranges from simple steatosis to nonalcoholic
steatohepatitis (NASH), fibrosis, and eventually cirrhosis. Patients
with NASH and significant fibrosis seen on liver biopsy have an
increased risk for liver-related morbidity and mortality compared
to patients with simple steatosis. Due to the high prevalence
of NAFLD, there has been an urgent need to develop reliable
noninvasive markers and tests that can accurately predict the
presence of advanced disease without the need for liver biopsy.
These tests can be divided into 2 groups: those that predict the
presence of NASH (such as markers of hepatocyte apoptosis,
oxidative stress, and inflammation, as well as predictive models
based on clinical variables) and those that predict the presence
of fibrosis (such as simple and complex predictive models). This
paper provides an overview of various noninvasive methods for
detecting NAFLD and suggests a diagnostic algorithm that can be

used in clinical practice.

besity, metabolic syndrome (MetS), and type 2 diabetes

have reached epidemic proportions, and these condi-

tions are strongly associated with nonalcoholic fatty liver
disease (NAFLD), which is currently the most common type of
chronic liver disease in both adults and children.!* In the United
States, 1 in 3 adults and 1 in 10 children or adolescents have
simple steatosis (SS), a histologic subtype within the spectrum
of NAFLD, which is characterized by triglyceride accumulation
in liver cells.*> Nonalcoholic steatohepatitis (NASH) is defined
as lipid accumulation with evidence of cellular damage, inflam-
mation, and different degrees of scarring or fibrosis.®” NASH has
been shown to be present in more than 25% of severely obese
patients, 40% of whom have advanced stages of fibrosis.®
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NASH is a serious condition that can progress to cir-
thosis and its feared complications of portal hypertension,
liver failure, and hepatocellular carcinoma.”!! Cirrhosis
has been shown to develop in 21-28% of NASH patients
compared to only 3% of SS patients.'® Researchers do not
yet know why steatosis is nonprogressive in some patients,
while other patients develop liver injury and cirrhosis. The
presence and extent of fibrosis, in association with NASH,
are important factors in the prognosis of NAFLD. In fact, a
recent meta-analysis demonstrated that the hazard ratio for
liver-related mortality was 5.7 for patients with NASH and
10 for those with advanced fibrosis compared to patients
with SS.? This finding clearly indicates that the natural
history of NAFLD-related liver morbidity and mortality
depends on histologic severity, as determined by the pres-
ence of NASH and the stage of fibrosis.

Histologic staging and grading via liver biopsy is
the only method currently available for differentiating
SS from NASH and for assessing the severity of liver
fibrosis in patients with NAFLD. However, given the
disease burden of NAFLD, liver biopsy is not a logis-
tically feasible diagnostic method. In addition, liver
biopsy is prone to sampling errors, and it is an invasive
procedure that is associated with significant potential
complications; the mortality rate following percutaneous
liver biopsy is approximately 1 in 10,000 patients.'*!
Furthermore, because biopsies are also used to deter-
mine patient response to therapeutic interventions and
to monitor disease progression, some patients may need
to undergo multiple liver biopsies in their lifetime."
Therefore, in recent years, there has been increasing
interest in the possibility of identifying liver damage via
noninvasive surrogate markers that can be measured in
peripheral blood (Figure 1). Many of these tests have
been described in the literature.'
comparing the diagnostic accuracy of different tests is

A common way of

by performing a receiver operating characteristics (ROC)
analysis, which is the graphical representation of the
compromise between false-negative and false-positive
rates for every possible cutoff, and then calculating the
area under the ROC curve (AUROC). A diagnostic test
is considered to be ideal when it has an AUROC of 1.

This paper will review noninvasive methods of
diagnosing the presence of NASH and advanced fibrosis
within the spectrum of NAFLD.

Noninvasive Diagnosis of Nonalcoholic
Steatohepatitis

Biomarkers of Nonalcoholic Steatohepatitis

Markers of Apoptosis Increased cell death in the liver
has emerged as an important mechanism that contrib-
utes to disease progression to NASH.!" Apoptosis, or

programmed cell death, is a highly organized process
that can occur via 2 fundamental pathways: extrinsic
mediation by death receptors (such as Fas) or intrinsic
mediation by organelles (such as mitochondria). Both
pathways can lead to the activation of effector caspases
(mainly caspase 3), which cleave different intracellular
substrates, including cytokeratin 18 (CK18), which is
the major intermediate filament protein in hepatocytes.
Caspase-generated CK18 fragment levels can be mea-
sured in plasma using the M30 monoclonal antibody
enzyme-linked immunosorbent assay (ELISA), and
these levels have been found to be significantly higher in
NASH patients than SS patients.'*!” CK18 fragments
have been extensively validated as a marker of NASH
in multiple studies, with a pooled AUROC of 0.82
(95% confidence interval [CI], 0.76-0.88), and they
have been recognized by the recent NAFLD guidelines
as the most promising noninvasive test for diagnosing
and managing NAFLD.'>* However, this assay is not
yet commercially available, and there is no established
CK18 cutoff value for identifying NASH because each
study has utilized its own cutoff value. Building on this
research, our group recently found significantly higher
levels of the death receptor Fas measured in plasma
(soluble Fas [sFas]) in NASH patients than in SS patients
or control patients.?! We developed a prediction model
for NASH that included CK18 fragment levels and sFas
levels, with AUROCs of 0.93 in the training set and
0.79 in the validation set. However, this model must be
validated externally and in larger studies before it can be
used in clinical practice.

In contrast to the M30 ELISA—which only
detects caspase-cleaved CK18 (CK18 fragments)—the
M65 ELISA can detect both caspase-cleaved and
uncleaved CK18 (total CK18), and this assay is used as a
marker of overall hepatocyte death, including both apop-
tosis and necrosis. In addition, this assay has shown some
promise for detecting steatosis, steatohepatitis, and liver
fibrosis in a cohort of patients with chronic liver disease.?

Markers of Oxidative Stress Oxidative stress plays a
central role in hepatocyte injury and disease progression
from SS to NASH, but precise molecular species have not
yet been identified.?% Several oxidation pathways may
play a role in the overproduction of lipid peroxidation
products in NASH patients, including enzymatic and
nonenzymatic free radical-mediated processes. Each of
these pathways may generate different oxidation products
that could potentially be quantified. Chalasani and col-
leagues measured systemic lipid peroxidation in patients
with biopsy-confirmed NASH and control patients
matched by age, gender, and body mass index (BMI); the
researchers found that levels of both oxidized low-density
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Figure 1. Mechanistic pathways leading to disease progression from simple steatosis to nonalcoholic steatohepatitis
(NASH) and advanced fibrosis. Hepatocytes loaded with lipids, mainly in the form of triglycerides, are more susceptible

to multiple secondary hits that can lead to progression to NASH, which occurs via mechanisms including hepatocyte
apoptosis, oxidative stress, and liver inflammation. This progression can result in the activation of quiescent hepatic stellate

cells (HSC), subsequently leading to liver fibrosis. Noninvasive markers of NASH and fibrosis have been developed based

on these pathways.

AlLT=alanine aminotransferase; AST=aspartate aminotransferase; BARD=body mass index, AST/ALT ratio, and diabetes score;
CK18=cytokeratin 18; ELF=Enhanced Liver Fibrosis panel; NFS=nonalcoholic fatty liver disease fibrosis score; ROS=reactive

oxygen species; sFas=soluble Fas.

Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 2012. All rights reserved.

lipoprotein and thiobarbituric acid-reacting substances
were significantly higher in NASH patients.”® On the
other hand, Bagkol and associates investigated levels of the
antioxidant enzyme paraoxonase 1 and found significantly
lower levels in the NASH cohort.”” However, there was no
correlation between the level of this enzyme and the grade
or stage of NAFLD. Progressive decreases in the hepatic
tissue levels of superoxide dismutase, catalase, and gluta-
thione peroxidase—as well as the antioxidant capacity of
plasma—have been shown across the histologic spectrum
of NAFLD.? Via mass spectrometry, our group demon-
strated that products of free radical-mediated oxidation of
linoleic acid (9- and 13-hydroxy octadecadienoic acid and
9- and 13-oxo-octadecadienoic acid) measured in plasma

were significantly elevated in NASH patients compared to
patients with SS or patients with normal biopsies.*

Markers of Inflammation The well-recognized chronic
inflammatory state that exists in obesity and NAFLD
may contribute to disease progression to NASH. Levels
of proinflammatory cytokines, such as tumor necrosis
factor-ot and interleukin (IL)-6, have been shown to be
higher in NASH patients than SS patients, but the differ-
ences have not been significant enough to allow the use
of these cytokines as noninvasive markers for predicting
the presence of NASH.>"¥? Many other cytokines (IL-1B
and macrophage inflammatory proteins) and adipokines
(resistin, visfatin, and retinol-binding protein 4) have
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been studied as potential biomarkers, with conflicting
results. The blood neutrophil to lymphocyte (N/L) ratio is
asimple indicator of the overall inflammatory status of the
body that has been used to predict outcomes in patients
with cancer and coronary artery disease. In a recent study,
we identified the N/L ratio as a novel noninvasive marker
of NAFLD severity, and we demonstrated that this ratio
was higher in patients with NASH than those with SS.%
Furthermore, we found that the N/L ratio correlated
with the main histologic features of NAFLD, including
inflammation and fibrosis.

Serum ferritin is an acute-phase reactant that can
be induced in the setting of chronic systemic inflamma-
tion, and it has been observed to be elevated in patients
with obesity-related complications such as diabetes and
MetS. Recently, Kowdley and coauthors demonstrated
that ferritin levels more than 1.5 times the upper limit of
normal were associated with the diagnosis of NASH and
advanced fibrosis in a large cohort of biopsy-confirmed
NAFLD patients who were enrolled in the NASH Clini-
cal Research Network (CRN).*

Predictive Models

Predictive models combine routinely assessed clinical
variables with laboratory tests and biomarkers (such as
hepatocyte apoptosis markers, oxidative stress mark-
ers, and inflammatory cytokines) to accurately predict
the presence of NASH on liver biopsy. Examples of
predictive models that use a combination of clinical
and laboratory data are the HAIR score (which is based
on hypertension, alanine aminotransferase [ALT] level,
and insulin resistance) and the NASH predictive index
(which is based on age, gender, BMI, homeostatic
model assessment of insulin resistance, and log [aspar-
tate aminotransferase {AST} x ALT]).%% Although the
accuracy of these models for predicting the presence
of NASH is promising (AUROCs of 0.90 and 0.87,
respectively), these models have not been externally
validated in other cohorts in a prospective manner. The
NASHTest (BioPredictive) was developed in a set of
160 patients by combining 13 clinical and biochemi-
cal variables: age; gender; weight; height; and serum
levels of cholesterol, triglycerides, 02 macroglobulin,
apolipoprotein Al, haptoglobin, gamma glutamyl-
transferase (GGT), ALT, AST, and bilirubin.*® The
AUROC was 0.78 for pathologist-diagnosed NASH.
The NASHTest has been validated in a cohort of
97 patients from different centers.

The NASH CRN recently developed progressive
models based on readily available clinical and labora-
tory variables for predicting histologic diagnoses on
liver biopsy (including the presence of NASH).>” A
model based on AST level, ALT level, AST/ALT ratio,

demographics (age, race, gender, and ethnicity), comor-
bidities (hypertension, type 2 diabetes, BMI, waist cir-
cumference, waist/hip ratio, and acanthosis nigricans),
and other laboratory tests yielded an AUROC of 0.79
(95% CI, 0.76-0.83) for predicting NASH on liver
biopsy; in addition, this model yielded a similar AUROC
for predicting the presence of ballooning degeneration,
which is a main histologic feature of NASH.

Several predictive models include NASH biomark-
ers in addition to clinical variables. For example, CK18
has been combined with ALT levels and the presence of
MetS in a new composite scoring system (known as the
Nice model) designed to diagnose NASH in morbidly
obese patients; this system has yielded promising results
(AUROCs of 0.83-0.88).® Younossi and colleagues
recently developed a NAFLD diagnostic panel (with a
NASH prediction model) based on diabetes, gender,
BMI, triglycerides, M30 (CK18 fragments as a marker
of apoptosis), and M65 plus M30 (total CK18 and
CK18 fragments as a marker of necrosis); this model
yielded an AUROC of 0.81 (95% CI, 0.70-0.89),
which was higher than the AUROC of CK18 fragments
alone (0.71; 95% CI, 0.60-0.81).%

The risk score oxNASH was developed by Feldstein
and associates based on multivariable modeling and the
finding that products of free radical-mediated oxidation
of linoleic acid were significantly higher in patients with
NASH.? This score was calculated from age, BMI, AST
level, and the ratio of 13-hydroxy octadecadienoic acid
to linoleic acid. Patients with oxNASH scores over 72
were 10 times more likely to have NASH than patients
with oxNASH scores less than 47.% In a sample of
122 patients with biopsy-confirmed NAFLD, we recently
demonstrated that oxXNASH scores correlated with his-
tologic features that define NASH, including steatosis,
ballooning, and inflammation.

Noninvasive Diagnosis of Liver Fibrosis

The presence and extent of fibrosis may be the most
important factors in the prognosis of NAFLD and in
the prediction of the risk of progression to cirrhosis and
its complications.*! Factors that predict the develop-
ment of progressive fibrosis and cirrhosis include obe-
sity, type 2 diabetes, age older than 45 years, an elevated
AST/ALT ratio, hypertension, and hyperlipidemia.®4*
Over the past decade, many noninvasive strategies have
been developed to predict the stage of liver fibrosis
in this patient population. Nonradiologic tests can
be grouped into simple bedside models (which use a
combination of age, BMI, AST/ALT ratio, and other
clinical variables) or more complex models such as the
Enhanced Liver Fibrosis (ELF) panel (which use serum
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markers of fibrosis).** The stages of NASH-associated
fibrosis range from absent (stage FO0) to cirrhosis
(stage 4), with stages F2-F4 considered to be clinically
significant and stages F3—F4 considered to be advanced
fibrosis. When interpreting studies of predictive models
and markers of fibrosis, it is important to determine
whether the primary objective is the identification of
any fibrosis, clinically significant fibrosis, or advanced
fibrosis. In this paper, discussion will be limited to
the prediction of advanced fibrosis, which mandates
close monitoring for the development of cirrhosis and
its complications. Recently developed imaging tech-
niques—such as the measurement of liver stiffness via
transient elastography—have shown promising results
for staging fibrosis in NAFLD patients; however,
describing the utility of these methods is beyond the
scope of this paper.

Simple Predictive Models for Advanced Fibrosis
AST/ALT Ratio ALT levels are usually higher than AST
levels in NAFLD patients; however, an AST/ALT ratio
greater than 1 is suggestive of an advanced fibrotic form
of the disease. This ratio is the simplest predictive model
for advanced fibrosis, and it can be calculated using
2 readily available liver function tests. Despite its simplic-
ity, this ratio has a good negative predictive value and can
be used to rule out the presence of advanced fibrosis, as
demonstrated in a study conducted by McPherson and
coauthors.® The AST/ALT ratio has also been incorpo-
rated into other models, including the BMI, AST/ALT
ratio, and diabetes (BARD) score and the NAFLD fibro-
sis score (NES).

BMI, AST/ALT Ratio, and Diabetes Score Developed
in a study of 827 NAFLD patients, this score combines
3 variables in a weighted sum in order to generate an easily
calculated composite score for predicting advanced fibrosis
(BMI >28=1 point; AST/ALT ratio 20.8=2 points; and the
presence of diabetes=1 point).* A BARD score of at least 2
was associated with an odds ratio of 17 (95% CI, 9.2-31.9)
and an AUROC of 0.81 for detecting stages 3—4 fibrosis. In
recent studies, use of the BARD score has been associated
with lower AUROC:, ranging from 0.70 to 0.77.%47

Nonalcoholic Fatty Liver Disease Fibrosis Score The
NEFS was developed by Angulo and associates in a large
cohort of patients with NAFLD that was confirmed on
biopsy.* The NFS is based on age, hyperglycemia, BMI,
platelet count, albumin level, and AST/ALT ratio. The
score has 2 cutoff values: A score less than —1.455 predicts
the absence of advanced fibrosis, whereas a score greater
than 0.675 predicts the presence of advanced fibrosis. The
NEFS has been validated in multiple studies, and a recent

meta-analysis revealed an AUROC of 0.85 (95% CI,
0.81-0.90)."* The recent NAFLD guidelines acknowl-
edged that the NFES is a clinically useful tool for identifying
advanced fibrosis in patients with NAFLD.? This score is
available online at http://nafldscore.com/, and it can be
easily calculated during patient visits. However, a major
drawback of this score is that a large percentage of patients
fall in the indeterminate category and cannot be classified
as having a high or low probability of advanced fibrosis.

FIB4 Index The FIB4 index was originally developed
to stage liver fibrosis in patients with hepatitis C virus
infection; this index is based on age, platelet count, ALT
level, and AST level.* The FIB4 index has been used in
NAFLD patients with promising results. Using a cutoff
value less than 1.3, the FIB4 index has a negative predic-
tive value of 90-95% for ruling out advanced fibrosis.
Interestingly, when the FIB4 index was compared to other
noninvasive markers of fibrosis—including the AST/ALT
ratio, BARD score, and the NFS—it had the highest
AUROC for predicting advanced fibrosis (0.80-0.86).

Nonalcoholic Steatohepatitis Clinical Research Net-
work Model The NASH CRN model is based on AST
level, ALT level, AST/ALT ratio, demographic factors,
comorbidities, and other laboratory test results.”” This
model had an AUROC of 0.85 (95% CI, 0.82-0.89)
for predicting advanced fibrosis (stages F3-F4) and an
AUROC of 0.96 (95% CI, 0.93-0.98) for predicting cir-
thosis (stage F4) on liver biopsy. Applying other predictive
fibrosis scores to this data set did not show better diagnostic
accuracy than the NASH CRN model, although the other
scores were much easier to calculate and required fewer
clinical and laboratory variables.

Complex Predictive Models Using Biomarkers of Fibrosis

Enhanced Liver Fibrosis Panel This panel is based on
the idea that liver fibrosis is a dynamic process that results
in increased plasma levels of markers of extracellular matrix
turnover. The panel includes 3 biomarkers of fibrosis (hyal-
uronic acid, tissue inhibitor of metalloproteinase 1, and
amino-terminal peptide of procollagen III), and the panel
is excellent at detecting advanced fibrosis, with an AUROC
of 0.90 (95% CI, 0.84-0.96).” Combining the ELF panel
with the NFS increased diagnostic accuracy, yielding an
AUROC of 0.98 for fibrosis stages F3—F4. Interestingly, the
ELF panel was shown to be a good predictor of clinical out-
comes (liver-related morbidity and mortality) in a group of
patients with chronic liver disease, including 44 patients with
NAFLD, making the panel a promising prognostic tool.*

FibroTest FibroTest (BioPredictive) is a panel that uses
5 biomarkers—haptoglobin, 02-macroglobulin, apo-
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Figure 2. A proposed conservative approach for diagnosing significant fibrosis and nonalcoholic steatohepatitis (NASH) in
patients with nonalcoholic fatty liver disease (NAFLD). The algorithm starts by applying noninvasive tests that can predict
the presence of significant fibrosis (NAFLD fibrosis score [NES] or FIB4). Patients with indeterminate or high values should

undergo a liver biopsy to confirm the presence of significant fibrosis and should be assessed for cirrhosis. Those with values
below the lower cutoff level should proceed to noninvasive testing for NASH. Those with high values for cytokeratin 18
(CK18) or a positive NASHTest result should undergo a liver biopsy to confirm their NASH diagnosis, and they should receive

therapy for NASH. Those with low values can be reassured, and lifestyle modifications (including weight loss and exercise) can
be recommended. This approach is conservative because it calls for liver biopsy in patients with high or indeterminate values
to confirm the presence of significant fibrosis or NASH. It should be noted that some of these tests are not commercially

available; therefore, all of the recommendations may not be feasible.

Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography © 2012. All rights reserved.

lipoprotein Al, total bilirubin, and GGT—to predict
the presence of fibrosis. Ratziu and colleagues assessed
the diagnostic value of FibroTest in a large cohort of
NAFLD patients and demonstrated that it can reliably
predict advanced fibrosis, with an AUROC of 0.88
(95% CI, 0.82-0.92).5' However, a recent study showed
that FibroTest was less accurate than the FIB4 index for
predicting advanced fibrosis in 242 patients who were
undergoing liver biopsy (AUROC:s of 0.80 and 0.86,
respectively); this finding demonstrates that complex pre-
dictive models are not necessarily more accurate than the
simple models that can be derived from clinical parameters
at no extra cost to the patient.”* Doctors should be cau-
tious when interpreting FibroTest results in patients with

Gilbert syndrome, cholestasis, or acute inflammation, as
these conditions result in elevated levels of bilirubin or
haptoglobin. To provide a more comprehensive evaluation
of liver injury in NAFLD patients, NASH FibroSURE
(LabCorp.) combines FibroTest (for assessment of fibro-
sis), SteatoTest (BioPredictive; for assessment of steato-

sis), and NASHTest (for assessment of NASH).
Future Avenues of Research

Recent advances in the “-omics” technologies—such as
genomics, proteomics, and metabolomics—have offered
opportunities for unbiased investigation of changes in
metabolic and signaling pathways and their interactions

Gastroenterology & Hepatology Volume 8, Issue 10 October 2012



NONINVASIVE DIAGNOSIS OF NASH AND LIVER FIBROSIS

in complex diseases such as NAFLD. Genome-wide
association studies have identified a new single nucleo-
tide polymorphism in the PNPLA3 gene that is strongly
associated with hepatic fat content and the histologic
features of NAFLD.>* By using a global, unbiased,
metabolomic profiling platform, Kalhan and associates
were able to identify several metabolites in multiple
pathways that were increased in patients with NASH.>
These new technologies have the ability to generate vast
amounts of raw data, which can be used to attempt to
unravel the pathogenesis of NAFLD and to develop new
noninvasive markers of disease severity.

Conclusion

Clearly, there is no shortage of biomarkers and predictive
models of NASH and advanced fibrosis; however, none of
these noninvasive modalities can completely replace liver
biopsy at this time. According to the current NAFLD
guidelines, a liver biopsy should be considered in patients
at high risk for NASH and advanced fibrosis, such as
patients with MetS, and when noninvasive methods can-
not exclude competing etiologies for fatty liver or coexist-
ing chronic liver disease. We suggest that clinicians first
use a simple panel to rule out the presence of advanced
fibrosis. If the result indicates advanced fibrosis or is inde-
terminate, a biopsy is warranted to confirm this finding
and to determine the need for long-term monitoring for
cirrhosis and its complications. If there is no evidence of
advanced fibrosis, then a test that can identify the pres-
ence of NASH is recommended, and a biopsy should be
obtained if the test result is positive. This management
approach is summarized in Figure 2, which shows an
algorithm for clinical decision-making. In our practice,
we tend to use the NFS or FIB4 index to determine the
presence of advanced fibrosis, and we usually use CK18
levels or the NASHTest to determine the presence of
NASH, as these noninvasive markers have good accuracy
and have been validated in multiple studies.'?
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