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Foreword

In the era of precision medicine, accurate staging of a disease stands out as a must
whenever a trustable prognostication is needed and prioritization to costly therapies
is to be decided based on sophisticated cost efficacy analyses. In the liver domain,
the histopathological examination of the liver tissue via a percutaneous liver biopsy
has long been the pillar of the process of clinical staging, though its employment has
been limited by cost, sampling error, and poor agreement among pathologists and
complications. There is no question that, in patients with more than one risk factor,
the liver biopsy is a priority as it stands as the sole approach able to define the con-
tribution of each underlying comorbidity to the whole picture of the disease, thereby
providing a guide to select the proper therapeutic approach in many circumstances.
Though in other contexts involving a majority of patients with chronic viral hepati-
tis and non-alcoholic fatty liver, disease staging with the canonical histopathologi-
cal approach has come of age, being replaced either by cheap scores for disease
severity stratification that are based on simple demographic and clinical parameters
or by user friendly imaging techniques which assess liver stiffness. These noninva-
sive tests have gained popularity as they have successfully been applied to identify
and stage liver disease across multiple etiologies and proved useful to identify sub-
clinical hepatic injury not accompanied by symptoms and/or abnormalities of serum
liver chemistries, stage severity of overt chronic liver disease, and confirm resolu-
tion of an acute liver injury. On the assumption that they could fill the diagnostic gap
of the classical serum chemistries, a majority of these assays were initially con-
ceived as markers of hepatic fibrosis, the relevant determinant of prognosis of most
chronic liver disorders. Lately, the same noninvasive assays were more appropri-
ately converted into tests of disease severity, as it became clear that these tests are
also altered in the presence of necro-inflammation and degeneration of liver cell and
biliary injury. This book is devoted to elastography to assess liver stiffness, a tech-
nique which should be commended by all hepatologists for having revolutionized
the approach to liver disease staging and management of most patients with chronic
liver disorders. At the onset, the prototype FibroScan made the process of disease
severity stratification simple and user friendly as it was required for prioritizing
patients with viral hepatitis to treatment with exceedingly expensive antiviral regi-
mens. In the last decade, elastography has evolved different technical modalities in
the context of ultrasound and magnetic resonance imaging that have been applied to
cost effectively manage patients with non-alcoholic fatty liver with respect to patient
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stratification for surveillance versus therapeutic interventions. Not surprisingly, the
restless revolution started with elastography has overcome the boundaries of liver
disease, ultimately engaging the spleen for the noninvasive evaluation of portal
hypertension and the gastrointestinal tract where in cooperation with endoscopy,
elastography has proven useful to investigate pancreas, colon strictures, and inflam-
matory bowel diseases.

Milan, Italy Massimo Colombo



Preface

Over the last two decades, the application of sono-elastographic techniques, con-
ceived to assess tissue stiffness, has experienced a dramatic boost in the field of
hepatology and gastroenterology.

Liver stiffness measured by Vibration-Controlled Transient Elastography
(VCTE), also commonly known as transient elastography (TE or Fibroscan®), has
been widely validated as an accurate tool for the indirect staging of liver fibrosis.
More recently, liver stiffness has been demonstrated to be a valid prognostic marker
of disease severity in patients with chronic liver diseases (CLDs), as it is able to
predict such clinically relevant outcomes as survival, OLT, decompensation, and
development of liver cancer.

The book is not just a simple overview of the main practical applications of sono-
elastography to date as far as hepatological and gastroenterological diseases are
concerned, but it is also specifically intended to illustrate, with a clear critical meth-
odological approach, the correct indication for the use of these diagnostic tech-
niques in specific clinical settings. We have taken into account the existing diagnostic
pathways, the actual diagnostic accuracy of elastographic techniques and their
impact on clinical practice in terms of improvement of clinically relevant outcomes
and cost-saving clinical management.

In the first part dedicated to the correct methodology to assess diagnostic accu-
racy of noninvasive techniques, we have discussed the architecture of diagnostic
research and emphasized the correct study design for each phase of a diagnostic
study development.

In the second part of this book, we have focused on clarifying the definition of
normal value for liver stiffness and the role of VTCE in dealing with patients with
liver diseases of different etiology by measuring liver stiffness towards the assess-
ment of liver fibrosis and as a prognostic marker for the development of CLD-
related complications.

We have provided a critical comparison of the different existing elastographic
techniques, i.e., VTCE vs. ARFI technologies as implemented on standard ultra-
sound machines.

In the third part of the book, the spotlight is on the role of liver and spleen stiff-
ness measurement in advanced liver diseases as predictors of portal hypertension
and as a prognostic marker of clinically relevant outcomes.

vii
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The fourth part is devoted to the role of elastography in some fields of gastroen-
terology, such as the study of the pancreas (for instance, in chronic pancreatitis and
alcoholic abuse), the intestine (in patients with chronic inflammatory bowel dis-
eases), and of hematological and vascular diseases.

At last, the book offers a series of case studies on specific practical issues with
critical discussion to improve the appropriate use of these technologies.

We remain available to comments and suggestions on how to add to the compre-
hensiveness of the present endeavors.

Milan, Italy Mirella Fraquelli
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Elastographic Measures:
A Methodological Approach

Agostino Colli, Mirella Fraquelli, and Giovanni Casazza

At the end of the twentieth century, such techniques as ultrasonography, computer-
ized tomography and magnetic resonance imaging were developed and made avail-
able to hepatologists enabling them to watch their patients’ liver morphology and to
detect even small focal lesions in the parenchyma. The viscoelastic properties of the
liver were still assessed by palpation: a hard liver was associated with severe fibrosis
[1]. Palpation, the use of the tactile sense to determine the characteristics of an
organ, is one of the four cardinal principles of physical examination and relies on
both qualitative and subjective estimations. So, a system for the quantitative assess-
ment of tissue stiffness was needed. Furthermore, the diagnosis and staging of
chronic hepatitis and, more generally, chronic liver diseases were mainly based on
histological scores requiring liver biopsy, which is an invasive procedure. Thus, a
non-invasive test was needed.

Over the recent years, a new method for measuring the shear velocity in soft tis-
sues through transient elastography was developed [2]. TE consists in a pulsed exci-
tation driven by a piston vibrating perpendicularly to the surface of a half-space
viscoelastic medium. The axial component of the displacements induced by the
transient shear wave is estimated with an ultrasonic transducer placed on the oppo-
site side of the medium allowing the estimates of both shear elasticity and shear
viscosity [2, 3]. Further progressive improvements have led to the development of
an easy-to-use device that allowed the measurement of liver stiffness [3, 4]. The
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next steps have been to evaluate this system for the diagnosis and staging of chronic
liver diseases: hepatic fibrosis was recognized as the main factor for the prognosis
of chronic liver diseases [5, 6], and many studies have aimed to evaluate the accu-
racy of transient elastography in diagnosing liver fibrosis [7, 8]. TE has proved to be
an accurate tool to evaluate liver fibrosis in different chronic liver diseases, with
accuracy estimates quite similar to those of the reference standard, i.e. liver histol-
ogy. The staging of liver disease through elastography seems even more accurate
than through histology as shown by a large-cohort prognostic study [9].

This is the story of a real success of a diagnostic test from the bench to the
bedside: a new tool that allows both a quantitative assessment of liver stiffness
overcoming old-fashioned palpation and an accurate estimate of liver disease
severity.

In this chapter, we aimed to summarize the different phases of the development
of a new diagnostic test, from bench to the bedside, outlining and discussing the
proper approaches to the different questions and the methodological prob-
lems [10].

1.1 Phase 0

This is the preclinical phase with the in-laboratory assessment of the properties of
the new diagnostic tool, not yet on patients but rather on phantoms, animals or a
small number of healthy participants. The aim is to assess:

1. Validity: the extent to which a test measures what it is intended to measure.
2. Reliability: the consistency of any variation of the test measurements with the
true variations, usually subdivided in:
(a) Repeatability: the ability to reproduce the same results in identical settings
(same device, same operator) when testing the same patient.
(b) Reproducibility: the ability to obtain the same results when testing the
same patient under changing conditions (different operators or different
devices).

The new technique, TE, measures liver elasticity using a shear elasticity probe
over a short time (less than 100 ms) reducing boundary and movement artefacts [1,
2, 11]; its reliability, as to repeatability and reproducibility, was assessed in chronic
liver disease (CLD) patients [10, 11], and the overall inter-observer and intra-
observer agreement intraclass correlation coefficients were 0.98 [12].

It is interesting to note that manual palpation with judgement of normal/hard
consistency shows low reproducibility (Cohen’s k = 0.4) which is usual for most
physical signs [13].

The answer to these preliminary questions about validity, reliability and repro-
ducibility is the first step and is necessary for furthering the evaluation of a test. The
diagnostic accuracy of a test can be estimated only if its reproducibility has been
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considered acceptable. Moreover, the modalities of test performance, which ensure
the best validity and reproducibility, are defined and described in this phase [4, 12].

1.2 Phase 1

This phase focuses on the definition of the range of the new test results in healthy
people and the influence of sex, age, BMI and other anthropometric characteristics
(narrow intercostal spaces or overweight). The elastographic measures of the liver
are expressed as a continuous variable in the International System of Units (SI)
of pressure kiloPascal (kPa); the distribution of its values is asymmetric, and the
reference values fall between the 2.5th and 97.5th percentile of the distribution for
healthy individuals. This is the simplest way to establish a “normal” value: ignor-
ing the distribution shape and simply referring to the highest and lowest values as
“abnormal” [14]. However, the implicit assumption that all the diseases they rep-
resent should have exactly the same frequency, i.e. around 5%, is clearly a clinical
nonsense: it would mean that 5% healthy people should, by definition, have “abnor-
mal” values and should be tested further to assess whether they are true “false-
positive” or not. On the contrary, the aim of this phase should be to estimate the
clinical reference interval assessing the distribution with a sample, in general, or a
healthy population large enough to show that the observed “false-positive” propor-
tion is less than a pre-specified value. This early phase may be initially skipped, and
the pertinent studies not published. The distribution of the test results and evaluation
of the influence of patient characteristics on these results can be assessed in the next
phase, which compares healthy controls to patients affected by the disease under
investigation.

There are some examples of Phase 1 studies assessing liver stiffness in healthy
volunteers, blood donors and general population [15-17]. They have shown that the
distribution of reference values was very similar in all three groups and that the liver
stiffness values were not influenced by age and were positively related to male sex,
increased BMI, fatty liver and metabolic syndrome variables [15].

1.3 Phase 2

The studies in this phase aim to assess the diagnostic accuracy of the index test
(Fig. 1.1). Diagnostic accuracy is a measurement of the agreement between the
index test and the reference standard in discriminating diseased from non-diseased
study participants. Accuracy can be evaluated as a whole, i.e. the proportion of cor-
rect results of the index test against those of the reference standard; however, it is
more informative to assess how many participants with and without the target dis-
ease are correctly defined by the test with two other estimates, which are sensitivity
and specificity. Sensitivity is the measure of concordance between the index test and
the reference standard for diseased participants, i.e. the proportion of diseased par-
ticipants detected by the index test. Specificity is the measure of the concordance for
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Index test: a diagnostic test under assessment

Target disease: the pathological condition that the index test aims to identify

Reference standard: a test or procedure taken to best identify a patient’s true state (diseased or non-diseased).
Diagnostic accuracy: the proportion of correct results of the index test.

The 2-by-2 table:

Diseased Non-diseased

Positive 4 i fl i
Index test rue positive alse positive
Negative false negative true negative

Sensitivity: the proportion of true positive results (proportion of positive test results among the study participants with the target disease)
Specificity: the proportion of true negative results (proportion of negative test results among the study participants without the target disease)

Positive likelihood ratio:
the ratio of the probability of a positive test result among the participants with the target disease to the probability of a positive test result among
the participants without the target disease

Negative likelihood ratio:
the ratio of the probability of a negative test result among the participants with the target disease to the probability of a negative test result among
the participants without the target disease

Fig. 1.1 Glossary and definitions of diagnostic studies

non-diseased participants, i.e. the proportion of non-diseased participants correctly
identified by the index test.

In this phase, a logical sequence of diagnostic studies can be recognized. They
start from preliminary questions allowing the correct design of further studies,
hopefully having a progressive increase in the strength of evidence in favour of the
index test, in order to obtain an actual definition and assessment of the test’s diag-
nostic accuracy.

The first question is whether the test results obtained in affected patients differ
from those in healthy individuals. It relates not only to the distribution of test results
among diseased and healthy participants but also to the degree of their overlap. The
lower the degree of overlap, the more accurate the test is considered to be. The inter-
individual true variability within well-designed, well-conducted Phase O studies can
provide an explanation about the variability of test results in Phase 2 studies. The
usual design format of such Phase 2 studies is one in which affected and healthy
participants are sampled and the obtained test value is measured once (case-control
design) (Fig. 1.2). These studies are relatively simple and can readily advise on
whether a more in-depth assessment of the test accuracy should or should not be
performed.

A further preliminary question is whether the results of the index test obtained in
patients with the target disease are different from those obtained in patients in whom
the target disease could have been suspected but is not present. The study design
format is again case-control; nevertheless, “controls” are no more healthy individu-
als, but participants with some clinical suspicion of the target disease and a negative
result of the reference standard test. They are compared to “cases”, i.e. participants
with a positive reference standard test.
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Study Design

Case-control studies Cross-sectional studies

Clinically relevant cohort

Reference Standard Consecutive patients suspected of
l l having the target disease
Disease + Disease — *
Case Control I)deies;
Pos Neg
Index test

Reference Standard

the sickest the healthiest

Spectrum bias Spectrum variation

Fig. 1.2 Design of diagnostic accuracy studies: case-control and cross-sectional design formats

Another preliminary question regards the results of the index test in patients with
different stages of the target disease. A case-control study can answer this question
selecting groups of patients with a known stage of the disease.

A further step aims to explore whether the abnormal results to the index test are
specifically associated with the target disease. Other diseases might produce the
same results as the target disease or patients affected by the target disease and by
another concomitant disease might present different results than patients affected
only by the target disease. Again, case-control studies can answer these questions:
two pertinent groups of participants are selected and compared.

Case-control studies will establish whether the index test can discriminate
between the affected and non-affected patients, but such studies are not yet intended
to estimate true sensitivity and specificity in a clinical context. In fact, the estimates
can be flawed as a consequence of the inclusion of participants on the basis of the
results of the reference standard test. In case-control studies, the participants have to
undergo the reference standard before the index test: people known to be affected by
the target disease (“‘cases”) and people who are not affected (“controls”; i.e. healthy
people or people with other diseases than the target condition) are selected accord-
ing to the results of the reference standard. Thus, a spectrum bias is potentially
introduced with a consequent overestimation of the index test’s accuracy. In fact, the
participants do not represent the actual spectrum of the severity of the target disease
as well as alternative conditions, particularly if the sickest of the sick ones are com-
pared to the healthiest of the healthy people (Fig. 1.2).
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Concerning elastography and liver fibrosis, there are some examples of studies
answering these preliminary questions. High values of liver stiffness, comparable to
those obtained in patients with severe liver fibrosis, have been shown in such condi-
tions as cholestasis or heart failure with increased hepatic venous pressure [18, 19].
Other studies have shown that, in patients with acute hepatitis or a flare of chronic
hepatitis, liver stiffness values paralleled those of alanine aminotransferase (ALT),
thus showing that the results of the index test are influenced by the presence of acute
hepatitis with inflammation and necrosis (concurrent disease) on chronic hepatitis
with fibrosis (the target disease) [20, 21].

Cross-sectional studies on consecutive series of participants are not flawed by
spectrum bias (Fig. 1.2). Among the enrolled participants, there should only be par-
ticipants with symptoms suggesting the target disease, but no patients with full-
blown severe manifestations of the target disease and no healthy controls. This is the
proper Phase 2A study design format, which addresses the question whether the
index test is able to detect the target condition among patients suspected of having
the target disease, and to assess the index test accuracy (sensitivity and specificity).

The accuracy of the index test is a measure of the concordance of its results
with those obtained by the reference standard (Fig. 1.1). A “reference standard” is
a test or procedure considered as best identifying the true state (diseased or non-
diseased); actually no test is perfectly accurate (a.k.a. “gold standard”), but the test
with the relatively best and accepted accuracy can be used as reference. In order
to define this concordance, two measures are needed: sensitivity and specificity.
Sensitivity is the proportion of true-positive patients, i.e. those with the target dis-
ease and positive results of the index test, among the patients with the target disease.
Specificity is the proportion of true-negative patients, i.e. those without the target
disease and with negative results of the index test, among the patients without the
target disease. The two-by-two table provided facilitates the presentation and clas-
sification of the index results: two columns, diseased and non-diseased patients,
and two rows, positive and negative index test. Sensitivity and specificity are two
properties of the index tests and they cannot be separately estimated and evaluated.
Likelihood ratios allow the simultaneous consideration of sensitivity and specific-
ity and can be interpreted as the relative risk of being positive (or negative) to the
index test for diseased compared to non-diseased patients. The likelihood ratio of
the index test can inform on how much the probability of having the target disease
varies after the test (post-test probability) if the results of the index test are positive
or negative. The higher the value of the positive likelihood ratio (LR+), the higher
the probability of having the target disease; the lower the negative likelihood ratio
(LR-), the lower this probability.

Many diagnostic tests, and elastography is one of these, produce an explicit con-
tinuous measure, which is dichotomized at some threshold value to call the result
positive or negative. Identifying the optimal threshold value to use in practice is
usually of crucial clinical importance. Youden’s J index (J = sensitivity + specific-
ity — 1) can help in defining the cut-off value associated with highest accuracy;
nevertheless, the optimal cut-off value is not always the one that ensures best
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accuracy. In fact, this index assumes that sensitivity and specificity are of equal
importance, and this assumption is not true in most clinical contexts. If the test is
intended to exclude the presence of a condition, for instance, severe hepatic fibrosis
by elastography, a false-negative result could be more relevant than a false-positive
one. An alternative and more clinically oriented approach would be to consider the
downstream effects of testing in terms of false-negative and false-positive results:
such an approach would identify those patients with the minimum degree of “abnor-
mality” requiring treatment [17].

Dichotomizing test results implies that some information is lost. In fact, two
individuals close to, but on opposite sides of, the cut-off point are characterized as
being quite different rather than very similar [22]. Anyway, grouping simplifies the
statistical analysis and leads to the easy interpretation and presentation of results.
Considering the role of the index test, two cut-off values can be chosen: one to
exclude the presence of the target disease and one to confirm its presence. This
choice produces a grey zone of indeterminate results for which further testing is
needed: the more patients are in this zone, the less useful the test is.

Cut-off values are defined in cross-sectional Phase 2 studies, including consecu-
tive participants with symptoms or signs suggesting the target disease. When these
threshold values are derived from the obtained data, the accuracy of the index test is
overestimated and validation studies are needed [23].

Sometimes, the results of the index test cannot be classified as either positive or
negative. The test is unable to produce assessable results in all patients and some
results are inadequate or indeterminate. This technical failure is not rare for elasto-
graphic measurements in that obesity, ascites and hepatic steatosis may impair the
validity and reliability of the results. About 10% of patients cannot be assessed by
transient elastography [4, 12, 17], and this proportion is even higher for spleen stiff-
ness measurement [24] or ultrasound surveillance of hepatocellular carcinoma in
patients with cirrhosis [25]. Simply excluding from analysis these non-assessable
results overestimates the test accuracy: there is no consensus on how to handle this
circumstance. Applying an intention-to-diagnose approach can provide a more real-
istic picture of the clinical potential of diagnostic tests [26]. According to this
approach, also known as worst-case scenario [27], non-assessable results are classi-
fied as false-positive if they had a negative reference standard, or false-negative with
a positive reference standard.

The accuracy of the index test, once assessed, can be compared to that of other
tests (Phase 2B). The question is which of two or more tests is more or most accu-
rate? The answer is possible with two different study design formats. The first for-
mat is the cross-sectional study including consecutive participants who are likely to
harbour the target disease and who undergo the index test as well as the reference
standard. Thus, a direct comparison of sensitivity and specificity between the differ-
ent index tests is possible. An example is the direct comparison of different elastog-
raphy techniques [28]: 349 participants with liver disease underwent supersonic
shear imaging, acoustic radiation force impulse (ARFI) and TE as index tests and
liver biopsy as the reference standard. The second study design format is the
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randomized clinical trial (RCT): consecutive participants suspected of having the
target disease are randomized to the different index tests. This study design format
allows for only indirect comparison of sensitivity and specificity between the two
different index tests in two groups made comparable by randomization [29]. This
design is rarely used and should be selected when participants cannot undergo both
tests because of their risk of harm or costs or both.

The further phase (Phase 2C) studies explore the possible consequences of the
introduction of the index test into clinical practice. The diagnostic strategy incorpo-
rating the index test is compared with the current standard evaluation. These studies
are conducted on participants in whom it is clinically sensible to suspect the target
disease in order to assess any immediate downstream consequence of testing and
offering treatment, based on that testing [30]. These studies are designed to compare
the new diagnostic-therapeutic strategy that incorporates the index test, against the
current best diagnostic strategy for managing these patients. The studies should
mainly address safety aspects by enabling the capturing of possible harms as a con-
sequence of introducing the index test. Harms from diagnosis can result from mis-
classification with two opposite types of error (false-negative or false-positive). The
risk is not only to overlook the target disease but also to overdiagnose it. On consid-
ering the prognosis of an untreated disease and the effectiveness and possible harm
of available treatments, one has to define what types of error to avoid. The objective
is to minimize the penalty of being wrong. Sometimes, it is better to minimize the
number of false-negative results and, other times, that of false-positive results. A
direct, or even indirect, comparison between sensitivity and specificity of the index
test with existing tests makes it possible to hypothesize the role of the index test in
a new strategy to diagnose the target disease: as a replacement for the existing test,
as an add-on test after the existing test or as a triage test before the existing test [31].
In general, a more accurate (higher sensitivity and higher specificity) or safer test
can replace the existing ones. On the other hand, tests with remarkably high sensi-
tivity can rule the target disease out and could be proposed as triage tests before any
further harmful or costly testing, whereas tests with remarkably high specificity can
be purposed as add-on tests. Thus, the operative characteristics of the new test and
its risk of harm and/or costs suggest a possible role for the test. It is in this role that
the new diagnostic test should properly be evaluated in Phase 2C and subsequent
Phase 3 randomized clinical trials (RCTs), which assess the downstream effects of
the new strategy.

1.4 Phase 3

Phase 3 studies aim to assess the benefits and harms of a diagnostic test. No diag-
nostic test can, by itself, ever be of benefit for a patient. However, through a diag-
nostic test, we can reach a decision about which treatment to offer patients.
Therefore, the question posed in Phase 3 RCTs deals not only with the test accu-
racy but also with the benefits and harms of any treatment decided on the basis of
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the test results. The appropriate study design format is, again, an RCT or, more
appropriately, an RCT on diagnostic plus therapeutic strategies. The most impor-
tant methodological issues are allocation sequence generation, allocation conceal-
ment, blinding, follow-up, reporting of all outcomes and transparency regarding
conflicts of interest that are central in a therapeutic RCT. They should also be
considered for the diagnostic-therapeutic RCT to secure internal and external
validity. Furthermore, the “critical comparison” between the new diagnostic-ther-
apeutic strategy and the current strategy should be identified. If the index test is
intended to improve the sensitivity of the diagnostic strategy, the benefits and
harms of the treatment in the additional positive patients should be assessed.
Provided that previous trials have shown the efficacy of the treatment among
patients detected by the current standard test, the benefits and harms of the treat-
ment in the additional patients detected by the index tests may not be the same,
and this needs to be evaluated. If the new test is intended to improve the specific-
ity of the diagnostic strategy, then the possible benefit of fewer false-positive
results has to be assessed. Furthermore, an improvement in specificity usually
entails impairment in sensitivity and vice versa. A more sensitive test is expected
to be less specific, and the consequences of this possible trade-off should be care-
fully explored. The downstream effects of the additional false-negative or false-
positive results have to be accurately assessed.

Diagnostic test-therapeutic trials are appropriate to solve the problem of the
target diseases for which there is no reference standard or the one available is
imperfect. In this case, the index test results classified as false may actually be
true ones. In fact, a result of the index test named false-positive might be a true-
positive and a false-negative of the imperfect (less sensitive) reference test. On the
contrary, a false-negative result of the index test might be a true-negative as a
consequence of a more specific index test. RCTs that compare the downstream
effects of the application of the index test versus the test regarded as the current
reference test are able to estimate which test is more effective and thus indirectly
more accurate.

1.5 Phase 4

Phase 4 studies are conducted after the index test has been introduced into clini-
cal practice to reassess the benefits and harms of the index-test treatment versus
the reference-test treatment strategies. They are designed as large RCTs or cohort
studies of patients tested with the index test; they play a role in redefining the
accuracy of the index test. This may be required in case of an imperfect reference
standard in order to verify discordant results. Through planning the adequate
follow-up of the patients with different results for the index test and the reference
standard test (i.e. classified as false-positive or false-negative), these longitudinal
studies would allow detecting the actual appearance of the target disease or its
complications.
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As an example, a large-cohort study compared the accuracy of liver stiffness
measurement and liver biopsy in predicting overall survival or complications and
decompensation of liver cirrhosis in participants with discordant results of the two
tests [9]. This longitudinal observation allows to answer the question: in case of
disagreement between the index test and the reference standard test, which are the
right results?

1.6 Conclusions

Looking back at the history of liver elastography, we have described the five-phase
development of a new diagnostic test from the definition of its properties and opera-
tive characteristics up to the demonstration of its value to clinical practice. The early
phases are necessary for the correct design of the later phases, hopefully progres-
sively increasing the strength of evidence in favour of the index test. However, even
if logically consecutive, the progression of diagnostic research may be non-linear.
An earlier phase may be initially skipped, or its answer be provided by later-phase
studies.

This categorization carries the advantage of being more comparable to the phases
of therapeutic research (e.g. as for drugs or medical devices). It is essential that the
diagnostic accuracy assessment should not be perceived as the final objective of
diagnostic research, but only as a necessary step in the introduction of a test to clini-
cal practice. In fact, for most tests, the clinical consequences of their application to
clinical practice are not sufficiently obvious from the definition of their sensitivity
and specificity. To address this question, we require diagnostic-treatment RCTs,
even if very few trials have been conducted to date. When two or more diagnostic-
treatment RCTs have been completed, their systematic reviews, possibly with meta-
analyses, are warranted and should be conducted before such new tests are
introduced into clinical practice. Then, large-cohort surveillance studies would
enable the determination of the actual effects. These final studies are very important
because they represent a unique opportunity to assess the real effect of the test on
the clinical practice and because such studies can reliably measure a test’s benefits
as well as identify rare instances of harm that may not be captured through RCTs.
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Daniele Prati, Alessandra Berzuini, Fateh Bazerbachi,
and Luca Valenti

2.1 Preamble: The Concept of Normality in Medicine

All organisms extend along a line. At one end is Basedow’s disease, which implies the
generous, mad consumption of vital force at a precipitous pace, the pounding of an uncurbed
heart. At the other end are the organisms depressed through organic avarice, destined to die
of a disease that would appear to be exhaustion but which is, on the contrary, sloth. The
golden mean between the two diseases is found in the center and is improperly defined as
health, which is only a way station ... This is the way it’s been made, with goiter at one end
and edema at the other, and there’s no help for it. In the middle are those who have either
incipient goiter or incipient edema, and along the entire line, in all mankind, absolute health
is missing [1]

As underlined by Agostino Colli and colleagues in Chap. 1, studies on normal (or
healthy) individuals are an essential component in the architecture of diagnostic
research [2]. Unfortunately, deciding what is normal in medicine is not so straight-
forward. The above quotation has been taken from Zeno’s Conscience, a novel by
Italo Svevo published in 1923 [1]. Taking thyroid disease as an example, the
author describes the difficulties of defining normality and abnormality when the
aim is to identify human diseases. It is not surprising that the main character of the
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novel is a neurotic man, who is writing his confessions at the behest of his psy-
chiatrist: the issue of how to define normality in medicine has been scientifically
addressed mainly in the field of neurosciences [3]. However, in any clinical con-
text, the concept of “normality” constitutes the central nucleus on which ideas,
theories, diagnoses, and clinical decisions are based. The term “normality” was
commonly used in medicine well before it came to its methodological systemati-
zation: it was considered equivalent to the idea of health, where “abnormality”
was synonymous with disease. These definitions are still valid, even if the concept
of biological normality has been completed and enriched following the increasing
use of mathematics in the medical field. For continuous variables, the “normal”
(or “Gaussian”) distribution model was initially developed when it was observed
for the first time that measurement errors tend to be distributed in a characteristic
and symmetrical way (“bell curve”). Later, it was extended to the classification of
the values of a variable, observed in different individuals within a particular popu-
lation. This required some simplification: actually, it was soon realized that a
perfect Gaussian distribution is rarely observed in nature. However, the model
was very successful, and the concept of “statistical normality,” supported by the
probabilistic theory, is still the fundamental basis to describe the biological phe-
nomena. For most clinical or laboratory continuous variables, those values that
are distributed in a range that includes 95% of the cases defined as “healthy” are
considered normal. To indicate an upper reference limit, the sum of the mean
value plus two standard deviations is generally used, which includes by definition
95% of cases in a Gaussian distribution. Alternatively, to overcome the problems
encountered when the distribution is not perfectly normal, for example, when it is
bimodal, the 95th percentile can be used [4, 5].

This probabilistic approach for the definition of normal values, although easy
to apply and well standardized on a methodological level, presents some concep-
tual weaknesses. First, it assumes rather artificially that the possibility of sub-
clinical disease is constant (5%) for all pathologies and for all clinical markers.
An important consequence for this simplification is that a healthy person who
undergoes multiple independent diagnostic tests (independent in the sense that
they are probing totally different organs or functions) has a likelihood of testing
normal that will be inversely related to the number of tests. For a single diagnos-
tic test, the possibility is 95% or 0.95. For two tests, it will be 0.95 x 0.95 = 0.90.
So, the likelihood of any individual being called normal is 0.95 raised to the
power of the number of independent diagnostic tests performed. Thus, a healthy
subject who undergoes 30 tests has only 0.95%, or about 1 chance in 5, of being
called normal at the end of the workup. An additional limitation of the Gaussian
theory is that the normal distribution tends by definition to infinity, and therefore
the model implicitly accepts the existence of individuals with levels of the marker
so high or so low that cannot exist in nature [4, 5]. Another main problem, how-
ever, is how to define and select the “normal” (“healthy”’) population to be used
in the creation of reference standards. This requires the identification and exclu-
sion of “abnormal” (“sick™) individuals according to a process which, as we will
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see in detail in the case of liver disease diagnostics, is often complicated and
imprecise [6].

In recent decades, the concept of normality has undergone new changes.
Increasingly, different reference standards are created (by age group, gender, race,
etc.), in an attempt to individualize the interpretation of laboratory results.
Furthermore, the development of theories related to clinical epidemiology has pro-
vided more solid bases for describing and interpreting biological variables. Bayesian
analysis, based on concepts such as sensitivity, specificity, and predictive value, has
provided very valuable tools for the evaluation of diagnostic tests. Nevertheless, it
is important to remember that each of these approaches is based on the concept of
the reference population.

2.2 Healthy Ranges in Liver Disease Diagnostics

In the case of tests for liver disease, the definition of a healthy range can be par-
ticularly problematic. First, it is very difficult to identify and exclude subjects
with liver disease from the reference population, as the reference standard remains
liver biopsy, which is not applicable for ethical reasons in those without any sign
or symptom of liver disease. In addition, it is now agreed that populations com-
posed of apparently healthy individuals (the so-called reference populations, for
example, blood donors, or subjects recruited from the general population) include
substantial proportions of individuals with subclinical liver disease (20-35%
depending on the prevalence of risk factors for liver disease in the population),
mostly related to hepatic steatosis (“fatty liver disease”). This issue was clearly
demonstrated almost 20 years ago, in a study aimed at redefining the healthy
thresholds for alanine aminotransferase (ALT) levels. The exclusion of subjects at
risk for liver disease (i.e., overweight, with high serum lipids or glucose levels)
from the reference sample caused a left shift of the ALT value distribution and a
significant reduction of the 95th percentile, chosen as the upper reference limit
[7]. In keeping with these results, Takyar et al. [8] have recently reviewed the
records of 3160 subjects who participated as healthy volunteers in 149 clinical
trials (1-29 trials per subject). They found that 1732 of these subjects (55%) were
overweight and 1382 (44%) had abnormal liver biochemistry. This underscores
the importance of an a priori definition of the criteria to select the appropriate
reference population when the aim is to set the healthy ranges for any laboratory
or instrumental test to detect the presence of liver disease. As already described in
detail elsewhere [7], individuals to be included in the reference population for
liver disease diagnostics should meet some clinical and laboratory criteria, includ-
ing the absence of specific sign and symptoms for liver disease, negative serology
for hepatitis B and C, normal body mass index (BMI) and/or waist circumference,
as well as normal parameters of lipid and carbohydrate metabolism. These criteria
ensure that only subjects at low risk for viral hepatitis and metabolic-associated
fatty liver disease (MAFLD) are included.
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2.3  Definition of Healthy Ranges for Liver Stiffness

The measurement of liver stiffness (LS) by transient elastography (TE) was intro-
duced in the early 2000s. Since then, several studies have confirmed its role in the
identification of different stages of liver fibrosis compared with the reference stan-
dard of liver histology. In particular, the diagnostic performance of TE has been
evaluated in cohorts of patients with hepatitis B and C, as well as in other forms
of liver disease, including MAFLD [9]. These studies allowed the identification of
diagnostic thresholds to rule in or rule out significant fibrosis and cirrhosis in
specific clinical contexts, as thoroughly discussed in the following chapters of
this book.

In normal-weight individuals, TE has good inter- and intra-observer concordance
[9, 10]. In a study including 200 patients with different liver diseases, reproducibil-
ity between two operators had intraclass correlation coefficients (ICCs) of 0.98 for
inter- and intra-observer agreement, while lower concordance was observed in the
presence of mild fibrosis, steatosis, or an increased body mass index (BMI >25 kg/
m?) [10].

A total failure rate of 3.1% was reported in a series of 13,369 transient elastog-
raphy examinations [11]. In addition, results were deemed unreliable in an addi-
tional 16%. Factors associated with unreliable results included BMI >30 kg/m?, age
>52 years, female sex, operator inexperience, and type 2 diabetes mellitus.

It is agreed that fluid and parietal adipose tissues attenuate shear wave propaga-
tion, which can result in invalid examinations in patients with anatomic distortions,
ascites, and elevated central venous pressures or in those who are obese [11, 12]. In
particular, the risk of overestimating LS values may emanate from a non-fasting
state, excess of alcohol intake, physical exercise, acute hepatitis, inflammatory
flares, congestive heart failure, hepatic parenchymal infiltration, cholestasis, and
portal vein thrombosis [11-16]. Thus, TE should be performed in fasting patients
(for at least 2 h), and results interpreted in light of potential confounders [9]. In
addition, even hepatic steatosis may decrease the accuracy of transient elastography
[17]. In a study of 253 patients with nonalcoholic fatty liver disease (NAFLD), the
stage of fibrosis was often overestimated in patients with severe steatosis [18].
However, these results were not confirmed in other studies [19]. In addition, in
healthy individuals, undernutrition and leanness, manifested by lower BMI, seem to
increase LS values in a similar way as obesity does, providing a U-shaped distribu-
tion. This finding, initially described by Das and colleagues in Indian subjects [20],
has been confirmed in a series of more than 1500 Italian blood donors (Berzuini A,
unpublished data, 2020). Thus, special probes for overweight patients (XL probe)
and children (S probe) have been developed to account for the thickness of the tho-
racic wall and depth of the liver. These probes may improve accuracy in assessing
the degree of liver fibrosis in subjects at extremes of body weight [9, 16].

The description of how LS measurement performs among healthy individuals is
of great importance as it establishes whether, and to what extent, the results among
diseased and healthy participants overlap. In this regard, the lower the degree of
overlap, the more accurate is considered the test [2]. Furthermore, studies on normal
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individuals provide a necessary background to set healthy thresholds for LS to be
used in screening and epidemiological studies. Most data on LS from normal indi-
viduals have been obtained by transient elastography, and, for the sake of simplicity,
the discussion will be limited to this technique.

The main studies so far conducted in healthy subjects are summarized in
Table 2.1. They were highly heterogeneous in terms of studies design, not only for
the choice of the population base (i.e., blood or living organ donors, general popula-
tion, etc.) and the number and ethnic background of participants but also for the
selection criteria used to define a healthy status [20-32].

In particular, some studies included subjects with normal liver biochemical tests,
no history of chronic liver disease, and/or absence of hepatic steatosis on ultra-
sound. Others also included individuals with hepatic steatosis. Few studies have
considered the effects of factors and comorbidities potentially influencing the risk
for subclinical liver disease in apparently normal individuals.

The average values of LS roughly ranged between 4 and 5.5 kPa, and upper
thresholds (mostly calculated as 95th percentile of the distribution or as mean
value plus two times the standard deviation) between 6 and 8.5 kPa. Most studies
agreed that LS measurement is related to sex (values were higher in males than in
females) and with factors associated with the metabolic syndrome [20-32].
Recently, Bazerbachi et al. [33] conducted an individual participant data meta-
analysis from published studies evaluating LS by TE among healthy individuals
and in those at risk for liver disease. Twenty-six cohorts, which included 16,082
individuals, were ultimately selected. Statistically significant modifiers of stiff-
ness included diabetes, dyslipidemia, waist circumference, aspartate aminotrans-
ferase (AST), and systolic blood pressure. The mean stiffness in the subgroup of
3882 healthy nonobese individuals (BMI, <30 kg/m?) was 4.68 kPa (CI, 4.64-4.73).
The same database of healthy individuals was used to generate a threshold to rule
out fibrosis in individuals at risk. Outliers were removed using a method based on
nonlinear regression with a 1% false discovery rate [34]. In order to favor sensitiv-
ity, even at the price of a slightly lower specificity, the 90th percentile of the LS
measurement (instead of the 95th percentile) was chosen as the upper reference
limit. Thus, the healthy threshold was set at 6.47 kPa for males and 6.01 kPa for
females (Bazerbachi F, unpublished data, 2020). However, the choice of TE
thresholds in a context of a population with a low pretest probability of substantial
liver diseases should be modulated in relation to the clinical question. On the one
hand, following a screening strategy, the choice of a low threshold would be
important to maximize test sensitivity in order to reduce the rate of FN results and
avoid underdiagnosis. On the other hand, to limit the number of false-positive
cases and unnecessary investigations, it may be proposed to employ an higher
cutoff, for example, the upper limit the 95th percentile of the distribution observed
in healthy blood donors (i.e., 7.8 kPa for males, 7.4 kPa for females) [22].
However, as this approach by itself would miss a substantial proportion of indi-
viduals with significant/severe liver fibrosis, it should be applied together with
concurrent clinical evaluation of medical history, risk factors, and other biomark-
ers of liver disease.
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Data on LS measurement by TE in healthy children are limited. In a group of 270
children of age, the median value was 4.5 kPa, within a range of 2.5-8.9 kPa, and
values did not vary significantly with age or gender; based on this distribution, an
upper reference limit of about 6.5 kPa was also proposed [35]. Comparable results
were obtained by Rowland et al. in 257 healthy children [36]. In the latter study,
however, TE showed inadequate reproducibility, as suggested by low concordance
between paired examinations. Thus, more evidence in the pediatric population is
required to define healthy thresholds for LS measurement.

24 Conclusions

Probabilistic theories are extensively being used to summarize medical observations
for diagnosis and to support clinical decisions. This approach facilitates the diagno-
sis and supports clinical decisions, but such an advantage is obtained at the price of
some conceptual compromise. The “normal” thresholds that we use daily to sepa-
rate health from disease are based on a process of statistical inference. It is, there-
fore, important to ensure that they are continuously updated and balanced to
patient needs.

Over almost 20 years, sufficient data on LS measurement by TE in healthy indi-
viduals have been collected in several cohort studies and data synthesized in sys-
tematic review and individual participant data meta-analysis. On this basis, healthy
thresholds have been proposed, improving the use of this technique in the screening
and workup of liver disease. However, results should be interpreted critically and
flexibly, taking into account the individual characteristics of the patients — gender,
age, clinical history, risk factors for the disease, comorbidities, and possible con-
founders, as well as their personal preferences. Clinical decisions on the results of a
single parameter should be avoided, especially when healthy thresholds are used to
screen low-risk individuals.
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The Role of Transient Elastography
for Fibrosis Staging in HCV-Related
Chronic Liver Disease

Marta Cilla and Emmanuel A. Tsochatzis

3.1 Introduction

Hepeatitis C virus (HCV) infection is a major cause of chronic liver disease and con-
stitutes a major public health concern, with 71.1 million (95% uncertainty interval
62.5-79.4) chronically infected individuals worldwide [1].

HCV transmission is most commonly associated with blood transfusions and
health-care related injections in lower-income countries, while injection drug use is
the primary transmission route in countries where other methods of transmission
have mostly been eliminated [2].

The acute infection with HCV is generally asymptomatic and frequently it does
not resolve spontaneously. Approximately 50-90% of the infected individuals
become chronic carriers and may develop severe liver disease. The hepatic injury
can range from minimal histological changes to rapid development of hepatic fibro-
sis and accelerated time to cirrhosis with or without hepatocellular carcinoma
(HCC). Liver fibrosis is the excessive accumulation of extracellular matrix proteins,
including collagen, and is considered as a wound healing response to chronic liver
injury. Based on the natural history of chronic hepatitis C (CHC), it is estimated an
overall annual risk for liver failure of 2.9%, HCC 3.2% and liver-related death 2.7%
in patients with advanced fibrosis [3].

Chronic HCV infection is also accompanied by extra-hepatic manifestations
reported in two-thirds of patients, including mixed cryoglobulinaemia-type vasculi-
tis, renal disease, type 2 diabetes, cardiovascular disease (vasculitis, arterial hyper-
tension), porphyria cutanea tarda, lichen planus, lymphoproliferative disorders and
non-specific symptoms like fatigue, nausea, abdominal pain and weight loss.
Therefore, HCV infection is considered a systemic disease.
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Treatment for HCV infection was revolutionized in 2014 with the development
of direct-acting antivirals (DAAs). The goal of therapy is to cure HCV infection in
order to prevent the complications of HCV-related liver and extra-hepatic diseases,
improve quality of life, remove stigma and prevent onward transmission of HCV
[4]. The endpoint of therapy is to achieve a sustained virological response (SVR)
defined as undetectable HCV RNA 12 weeks (SVR12) or 24 weeks (SVR24) after
treatment completion. An SVR corresponds to a cure of the HCV infection, with a
very low chance of late relapse [4].

In 2017, WHO set targets to eliminate HCV infection globally as a public health
threat by 2030. A decrease in both mortality and incidence in HCV could be possi-
ble through implementation of prevention, screening and treatment interventions.

Assessment of liver fibrosis is critical in the treatment decisions, prognosis and
screening strategies of CHC patients. Non-invasive tests are increasingly included
in new guidelines, leaving liver biopsy reserved for cases where there is uncertainty
or potential additional aetiologies. Transient elastography (TE) is a useful tool for
the detection of advanced fibrosis (F3) or cirrhosis (F4) and for the exclusion of
significant fibrosis (>F2) [4].

In this review, we discuss the role of TE for fibrosis staging in CHC patients prior
to therapy, after SVR, for monitoring disease progression and determining prognosis.

3.2  Assessment of Liver Disease Severity

Liver fibrosis is the main predictor of liver disease progression in patients with
CHC. It is a dynamic non-linear process characterized by an excessive accumula-
tion of extracellular matrix (ECM) proteins, such as collagen. It is considered as a
wound healing reaction to chronic liver injury. HCV infection directly modulates
signalling and metabolic pathways by viral proteins. Moreover, it indirectly induces
host antiviral immune responses leading to chronic inflammation. Together, these
events promote liver fibrogenesis [5].

Thus, assessment of liver fibrosis is necessary prior to therapy because it is criti-
cal for clinical management, prognosis and screening strategies of CHC patients. In
fact, HCV treatment should be considered without delay in patients with significant
fibrosis or cirrhosis (METAVIR score F2, F3 or F4), although it is probably cost-
effective in all patients irrespective of their fibrosis stage [6]. In addition, patients
with advanced fibrosis (F3) or cirrhosis (F4) who achieved SVR should undergo
surveillance for HCC every 6 months by means of ultrasound and need to be
assessed for portal hypertension, including the presence of gastro-oesophageal vari-
ces (GEV) [4].

3.2.1 Role of Liver Biopsy
Histopathological examination of a liver specimen obtained by percutaneous liver

biopsy (LB) was until recently considered as the gold standard to diagnose and
stage liver fibrosis. However, LB is a costly invasive procedure, and it is associated
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with complications including pain, serious bleeding, injury to other organs and, in
rare cases, death [7]. Moreover, LB provides a static picture of the fibrogenic pro-
cess, and, therefore, it does not permit clear prognostic indications, particularly on
the rapidity of progression towards cirrhosis [5]. There is also a significant degree
of inter- and intra-observer variability in the pathologic assessment of liver biopsy
samples despite the development of staging criteria [8]. In addition, sampling error
is common and many liver diseases do not affect the liver uniformly [9]. Finally, it
is not practical for serially repeated assessment of disease progression.

These limitations have stimulated the search for non-invasive approaches that
accurately measure the degree of liver fibrosis. Non-invasive methods for assess-
ment of liver fibrosis are gradually being incorporated into new guidelines and are
becoming standard of care, which significantly reduces the need for liver biopsy.
Liver biopsy may be required in cases of known or suspected mixed aetiologies (e.g.
metabolic syndrome, alcoholism or autoimmunity) [4].

3.2.2 Non-Invasive Assessment of Liver Fibrosis in CHC

Non-invasive methods should be used instead of liver biopsy to assess liver disease
severity prior to therapy in patients with CHC [4]. Non-invasive tests can be divided
into serum biomarkers and liver stiffness measurement (LSM) methods. The former
include several, not closely liver-specific serum parameters that have been associ-
ated with fibrosis stage, as assessed by liver biopsies. The latter measure liver stiff-
ness that corresponds to an intrinsic physical property of the liver parenchyma. The
stiffer the tissue, the faster the shear wave propagates [10].

Both LSM and biomarkers perform well in the identification of cirrhosis or rul-
ing out fibrosis; however, they perform less well in accurately identifying intermedi-
ate degrees of fibrosis [11, 12, 10].

3.3 Transient Elastography for the Assessment of Liver
Fibrosis Prior to Antiviral Therapy

Transient elastography (TE), performed by using FibroScan (FS), is a non-invasive,
rapid and reproducible method for assessment of liver fibrosis by measuring liver
stiffness.

The diagnostic accuracy of TE is high for diagnosing advanced fibrosis (F3) or
cirrhosis (F4); however, an important overlap in liver stiffness values is observed
among patients with lower degrees of liver fibrosis (FO, F1 and F2) [13].

The recommended cut-off levels to diagnose advanced fibrosis (F3) and cirrhosis
(F4) prior to therapy are, respectively, 10 kPa (area under the receiver operating
characteristic curve (AUROC) 0.83, sensitivity (Se) 72%, specificity (Sp) 80%,
positive predictive value (PPV) 62%, negative predictive value (NPV) 89%) and
13 kPa (AUROC 0.90-0.93, sensitivity 72—77%, specificity 85-90%, PPV 42-56%,
NPV 95-98%) [4] (see Table 3.1).
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Table 3.1 Non-invasive marker cut-offs for prediction of significant fibrosis (METAVIR >F2),
advanced fibrosis (METAVIR >F3) and cirrhosis (METAVIR F4)

Test and

algorithms FibroScan Castera SAFE biopsy

Stage of >F3 F4 >F2 F4 >F2 F4

fibrosis

(METAVIR)

Number of 560 1.855 302 302 302 302

patients

HCV+

Cut-off 10kPa |13 kPa FS FS APRI>1.5 |APRI>2
>7.1 kPa >12.5kPa and FT and FT
and FT and FT >0.48 >0.75
>0.48 >0.75

AUROC 0.83 0.90-0.93 1 0.91 0.93 0.94 0.87

(95% CI) (0.86-0.96) | (0.90-0.96) (0.90-0.98) | (0.84-0.90)

Se (%) 72 72-77 85.1 89.4 100 86.4

Sp (%) 80 85-90 97.2 98.2 87.3 89.7

PPV (%) 62 42-56 98.9 95 96.3 77.6

NPV (%) 89 95-98 66.9 95.9 100 94.1

APRI aspartate aminotransferase-to-platelet ratio index, AUROC area under the receiver operating
characteristic curve, F'S FibroScan, FT FibroTest, HCV hepatitis C virus, SAFE sequential algo-
rithms for fibrosis evaluation, Se sensitivity, Sp specificity, NPV negative predictive value, PPV
positive predictive value

Consideration must be given to factors that may adversely affect TE perfor-
mance: risk factors of failure, risk factors of low quality and risk factors of false
positive [5].

Risk factors of failure of LSM include obesity, narrow intercostal space and lim-
ited operator experience [14]. Myers et al. showed that in 276 patients with chronic
liver disease (42% viral hepatitis, 46% NAFLD) and a BMI >28 kg/m?, measure-
ment failures were significantly less frequent with the XL probe than with the M
probe (1.1% vs. 16%; p < 0.00005). However, stiffness values obtained with XL
probe are probably lower than those obtained with the M probe (by a median of
1.4 kPa) [15].

Criteria of acceptable exam quality include at least ten valid measurements and
interquartile range/median ratio (IQR/M) <0.30 [10].

Risk factors of false-positive results should also be carefully taken into account.
Necro-inflammatory activity may limit the diagnostic accuracy of TE especially in
patients with lower-intermediate stages of fibrosis. Indeed, necro-inflammatory
activity increases LSM even after adjusting for fibrosis stage in patients who do not
have cirrhosis [16]. Other confounding factors including extra-hepatic cholestasis
[17], congestive heart failure [18], excessive alcohol intake [19] and food intake
prior to the exam [20]. Instead, the extent of steatosis doesn’t influence TE within
each fibrosis stage [16].
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3.3.1 Combination Algorithms

The accuracy of the different non-invasive methods developed in CHC may be
improved when they are combined [4].

Serum markers range from simple routine laboratory tests such as the AST-to-
platelet ratio index (APRI) [21] to more complex patented scores such as the
FibroTest (FT) [22], which includes y-glutamyl transpeptidase, total bilirubin, o2-
macroglobulin, apolipoprotein Al and haptoglobin levels.

Castera et al. [23] evaluated paired combination of TE, FT and APRI, and all
three markers together, for the diagnosis of fibrosis stage with liver biopsy examina-
tion results as the reference standard. The combined use of TE and FT offered the
best diagnostic performance both for significant fibrosis (>F2, AUROC 0.88, 95%
CI 0.82-0.92) and for severe fibrosis-cirrhosis (>F3, AUROC 0.95, 95% CI
0.91-0.97) (see Table 3.1).

In another study, Castera et al. [24] prospectively compared, in a large popula-
tion of CHC patients, the previous algorithm with the sequential algorithms for
fibrosis evaluation (SAFE) algorithm (combining APRI and FT) using liver biopsy
as the “gold standard” for staging fibrosis. Both algorithms were effective for the
non-invasive staging of liver fibrosis in CHC. Their use in clinical practice could
avoid the need for liver biopsy in 48—71% of cases for diagnosing significant fibro-
sis (72% with Castera vs. 48% with SAFE biopsy; p < 0.0001) and in 74-78% of
cases for detecting cirrhosis (79% with Castera vs. 75% with SAFE biopsy; p = NS).
Although, for significant fibrosis, the Castera algorithm saved 23% more liver biop-
sies than the SAFE biopsy, its accuracy was significantly lower (88% vs. 97%,
respectively; p < 0.0001). Instead, the number of saved liver biopsies for diagnosing
cirrhosis did not differ between Castera and the SAFE biopsy algorithms, but the
accuracy of Castera algorithm was significantly higher than that of the SAFE biopsy
(96% vs. 89%, respectively; p < 0.0001) (Table 3.1).

Therefore, the use of combination algorithms with the aim of reducing liver
biopsy represents a rational approach and results in higher diagnostic accuracy than
the use of standalone diagnostic tests [25].

3.3.2 TE vs. Other Elastography Techniques

Several other liver elasticity-based imaging techniques are being developed, includ-
ing ultrasound-based techniques and 3D magnetic resonance (MR) elastography.
Ultrasound elastography methods are point shear wave elastography (pSWE), also
known as acoustic radiation force impulse imaging (ARFI), and 2D-shear wave
elastography (2D-SWE). Like TE, 2D-SWE and ARFI imaging measure shear wave
velocities to provide a quantitative estimate of tissue stiffness. Different from TE,
both methods are integrated in conventional ultrasound machines and can be per-
formed with conventional ultrasound probes during an abdominal ultrasound scan.
In addition, the latter methods enable the exact localization of a region of interest
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(ROI) measurement site during B-mode ultrasound and are not limited by the pres-
ence of ascites [26].

A meta-analysis [27] including 13 studies (n = 1163 patients) comparing pPSWE
using ARFI with TE showed equivalent performance for detecting significant fibro-
sis and cirrhosis. The recommended cut-off levels to define an ARFI (VTQ®) posi-
tive test result for advanced fibrosis (F3) and cirrhosis (F4) prior to therapy are,
respectively, 1.60-2.17 m/s (AUROC 0.94, sensitivity 84%, specificity 90%) and
2.19-2.67 m/s (AUROC 0.91, sensitivity 86%, specificity 84%) [4]. Reliability cri-
teria for pPSWE have recently been proposed [28].

2D-SWE seems to be at least equivalent to TE and pSWE/ARFI for non-invasive
staging of liver fibrosis in CHC patients [29], but quality criteria for correct inter-
pretation are not yet well defined.

Finally, comparison between MR elastography and TE has provided conflicting
results [30, 31, 32]. MR elastography seems to provide a higher diagnostic perfor-
mance than TE and pSWE for staging early stages of fibrosis [33]. However, wide-
spread use of this method will depend on cost and availability.

3.4 Transient Elastography for the Assessment of Liver
Fibrosis After SVR

The primary aim of HCV treatment is to achieve SVR; however, the main goal of
HCYV eradication is to reduce mortality and morbidity [4]. A major advantage of TE,
compared with liver biopsy, is that it can be easily repeated over time and that it may
be useful for monitoring fibrosis regression to identify those patients with a higher
risk of developing complications during follow-up.

Several studies reported a significant decrease in LSM and non-invasive fibrosis
biomarkers values, compared with baseline values, in patients with HCV who
achieved SVR [34, 35, 36, 37]. However, it has to be taken into account that non-
invasive methods to evaluate fibrosis regression have not been validated in non-
viremic patients [10].

Pons et al. [34] demonstrated that LSM decrease very rapidly and significantly
during the first 4 weeks of DAA treatment of HC V-infected compensated advanced
chronic liver disease (cACLD) patients and that this improvement accounts for most
of the stiffness improvement observed during follow-up (48 weeks). Moreover, a
higher decrease in LSM was observed in patients with baseline ALT > twofold
upper limit normal (2 X ULN) than in those with ALT <2 X ULN.

These findings suggest that the improvement of LSM after SVR cannot be inter-
preted as a reduction of liver fibrosis (at least during the first year of follow-up) but
as a suppression of liver inflammation, as a consequence of viral eradication.

D’Ambrosio et al. [35] examined reversal of cirrhosis in 33 cirrhotic patients
with pre-treatment LB and post-SVR LB and TE, demonstrating that 21% of
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patients with LSM <12 kPa after 4 years of an SVR still has cirrhosis in LB. This
pilot study indicated less accuracy of TE in excluding cirrhosis in patients with
HCYV clearance, as a consequence of its low sensitivity (61%), whereas its specific-
ity remains high (95%).

Therefore, routine use of non-invasive tests after SVR in cirrhotic HCV patients
has a high false-negative rate and cannot be used to establish which patients no
longer need HCC screening or for the diagnosis of cirrhosis reversal. Moreover, TE
cannot be used for staging liver fibrosis post-SVR in patients who did not have pre-
vious TE measurement. In addition, cut-off thresholds that predict low risk of liver-
related events and the best timing for repeated assessment of LSM after therapy
have not been established yet [10].

The topic is discussed in great depth in Chap. 9.

3.5 Transient Elastography for Diagnosing
Liver-Related Complications

DAAs can cure CHC infection with a good safety profile; hence, most patients
achieve an SVR regardless of the stage of chronic liver disease. Therefore, it is
important to identify patients at risk of developing liver-related complications, such
as liver decompensation or HCC.

Several studies have demonstrated that cirrhotic patients are at higher risk of
complications than those without cirrhosis, although in patients with cirrhosis who
have achieved SVR after DAA therapy the incidence of liver-related events and de
novo HCC is significantly reduced [38, 39]. It is important to point out that patients
at different stages of cirrhosis have different risks of developing complications and
of dying. Accordingly, the Baveno VI workshop suggested the term “compensated
advanced chronic liver disease (cACLD)” to better reflect that the spectrum of
severe fibrosis and cirrhosis is a continuum in asymptomatic patients, and that dis-
tinguishing between the two is often not possible on clinical grounds [40]. The term
cACLD refers to patients with LSM between 10 and 15 kPa (suggestive) and patients
with LSM >15 kPa (highly suggestive).

The two major prognostic factors in cACLD are the presence of clinically signifi-
cant portal hypertension (CSPH), defined by the Baveno VI workshop as a hepatic
venous pressure gradient (HVPG) >10 mmHg [40], and the presence of
GEV. Measurement of HVPG through hepatic vein catheterization and oesophago-
gastroduodenoscopy (OGD) are considered, respectively, the gold-standard tests for
assessment of CSPH and GEV. However, these tests are invasive and impractical for
frequent follow-up. Non-invasive methods can be used for the risk prediction of
liver-related complications and for guiding the need of further evaluation with
HVPG measurement and OGD [41].

This matter is further dealt with in Chap. 12.
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3.5.1 Portal Hypertension

Portal hypertension is the haemodynamic abnormality associated with the most
severe complications of cirrhosis, including variceal bleeding, hepatic encephalopa-
thy and ascites [42, 43]. It is a consequence of the hepatic architectural remodelling
of chronic liver diseases (“static component”) in a tissue microenvironment charac-
terized by a net predominance of vasoconstrictors (“‘dynamic component”) [44]. In
addition, an increased splanchnic vasodilatation and a state of hyperdynamic circu-
lation contribute to the development of the “portal hypertensive syndrome” [45]. An
HVPG >10 mmHg, defined by Baveno VI workshop as CPSH, is responsible for the
formation of GEV, whereas clinical decompensation may develop when HVPG
became severe (>12 mmHg).

Elastography has been extensively assessed in patients with portal hypertension
[46]. According to the meta-analysis performed by Shi [47], TE has high accuracy
for detection of CSPH in cACLD patients (AUROC 0.93, sensitivity 0.90, specific-
ity 0.79, PPV 0.88, NPV 0.88). The cut-off values of LSM range from 13.6 to
34.9 kPa, with 81% probability of correct detection of CSPH over the threshold
value and 11% probability of disease below the threshold value, when the pre-test
probability was 50%. The absence of established cut-offs in this meta-analysis lim-
its applicability in clinical practice.

Llop [48] demonstrated that in patients with cACLD and potentially resectable
HCC, a LSM value <13.6 kPa was highly sensitive for ruling out CSPH (AUROC
0.84, sensitivity 0.91, specificity 0.57, PPV 0.59, NPV 0.90), and a value >21 kPa
was highly specific for diagnosing CSPH (AUROC 0.84, sensitivity 0.53, specificity
0.91, PPV 0.81, NPV 0.74) (Table 3.2). Interestingly, in HCV-infected patients, the
specificity of the information obtained by TE was 100%, suggesting that when LSM
value is >21 kPa (AUROC 0.857, sensitivity 0.42, specificity 1.00, PPV 1.00, NPV
0.67), this exam might be sufficient to correctly diagnose CSPH in this subgroup of

Table 3.2 Performance of TE and Baveno VI criteria (TE and PLT) for ruling-in CSPH and
ruling-out varices requiring treatment, respectively, in patients with compensated advanced chronic
liver disease (cACLD)

Test TE Baveno VI criteria (TE and PLT)
Cut-off LSM >21 kPa LSM <20 kPa and PLT >150.000/mm?
AUROC (95% CI) 0.840 0.746

Se (%) 53 87

Sp (%) 91 34

PPV (%) 81 6

NPV (%) 74 98

LR+ 6.24 1.31

LR- 0.51 0.39

Ref. [59] [48]

AUROC area under the receiver operating characteristic curve, LR+ positive likelihood ratio, LR—
negative likelihood ratio, LSM liver stiffness measurement, NPV negative predictive value, PPV
positive predictive value, PLT platelet, Se sensitivity, Sp specificity, TE transient elastography
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patients. However, although the correlation between LSM and HVPG is excellent
for HVPG values less than 12 mm Hg, it hardly reaches statistical significance for
values >12 mmHg (r* = 0.17, P = 0.02) [49]. This important observation suggests
that in advanced stages of cirrhosis, the degree of portal pressure becomes largely
independent from fibrosis (and therefore LSM), while extra-hepatic components,
such as the hyperdynamic circulation and the splanchnic vasodilatation, become
more important [50]. Therefore, in patients with virus-related cACLD, non-invasive
methods can be used to diagnose CSPH, defining the group of patients at higher risk
of developing decompensation [40]. The Baveno VI workshop suggested that the
LSM thresholds for CSPH are >20-25 kPa in at least two measurements on differ-
ent days, alone or combined with platelets and spleen size [51].
This topic is analysed in great depth in Chap. 11.

3.5.2 Gastro-Oesophageal Varices (GEV)

GEV are a common consequence of portal hypertension and represent a major cause
of morbidity and mortality due to the risk of bleeding. Their prevalence in cirrhosis
is approximately 50% and is correlated with liver disease severity. Variceal bleeding
occurs at a yearly rate of 5% and is related to the stage of cirrhosis, the size of vari-
ces and presence of red wale marks [52].

The utility of TE is mainly in patients with cACLD, where it can be used to spare
OGDs in a subset of patients with no history of variceal bleeding. Currently, pri-
mary prophylaxis for variceal bleeding in cACLD is only recommended in patients
with large varices. Patients with decompensated cirrhosis should receive primary
prophylaxis irrespective of the size of varices.

A correlation between LSM values and the presence of GEV has been reported
in several studies with AUROCS ranging from 0.74 to 0.85 and cut-offs from 13.9 to
21.5 kPa. Although the sensitivity for the prediction of the GEV was relatively high
(76-95%), the specificity was poor (43-78%) [49, 53-58]. As a result, the diagnos-
tic accuracy of TE alone has not been sufficient to replace OGD in the diagnosis of
varices [4, 10].

The high sensitivity and NPV values of TE, especially in combination with other
non-invasive criteria, can rule out high-risk varices in patients with Child-Pugh A
cirrhosis, who can therefore avoid an unnecessary OGD. The Baveno VI criteria
[40] define that cACLD patients with a LSM <20 kPa and a platelet count >150.000/
mm? have a low risk of having varices requiring treatment and therefore can avoid
screening endoscopy. They advise longitudinal follow-up of such patients by yearly
repetition of TE and platelet count with the guidance that if LSM increases or plate-
let count declines, these patients should undergo screening OGD [40]. The retro-
spective study by Maurice et al. [59], which included 310 patients, reported that the
Baveno VI criteria performed well correctly identifying 98% of patients who could
safely avoid endoscopy (AUROC 0.746, sensitivity 0.87, specificity 0.34, PPV 0.06,
NPV 0.98), but could incorrectly classify 2% of patients (Table 3.2). Application of
the guidelines will have excluded the patients from endoscopic surveillance and
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delayed the introduction of appropriate primary prophylaxis. Therefore, careful
consideration must be given to co-morbidities which may impact the validity of
proposed platelet cut-off.

Three additional retrospective studies validated Baveno VI criteria for the detec-
tion of GEV and demonstrated that this strategy had acceptable rates of misdiag-
nosed patients, although the proportion of unnecessary gastroscopy was very high
[60-62]. Expanded Baveno VI criteria have also been proposed [63].

In the last years, different studies evaluate the diagnostic performance of spleen
stiffness measurement by TE in identifying patients with GEV and CSPH. Colecchia
et al. [64] suggest that SS measurement, possibly associated with LSM, has a high
diagnostic accuracy for the prediction of GEV and different degrees of PH in
patients with CHC. Further validation is needed before the place of SS in clinical
practice can be defined.

This topic is analysed in great depth in Chap. 11.

3.5.3 Hepatocellular Carcinoma (HCC)

HCC is the fifth most common cancer worldwide and the third most cause of cancer
death [65]. CHC is the leading risk factor for HCC, with an annual HCC risk of
2-4% in patients with cirrhosis [66]. HCV-induced chronic inflammation is sup-
posed to be a strong promoter of tumour development, and resolution of HCV infec-
tion should translate in a reduced incidence of HCC even in patients with liver
cirrhosis [67]. Long-term post-SVR follow-up studies showed that the risk of HCC
remains in patients with cirrhosis who clear HCV, although it is significantly reduced
compared to untreated patients or patients who did not achieve an SVR [67, 68]. In
addition, patients previously treated for HCC have still a high risk of tumour recur-
rence, despite DAA treatment [69]. Thus, guidelines recommend indefinite ultra-
sound surveillance every 6 months after SVR for patients with advanced fibrosis or
cirrhosis before treatment [4]. Several studies identified that high LSM value mea-
sured by TE is significantly associated with the risk of presence of HCC [38, 69—
71]. In a multicentre retrospective study of Conti et al. [69], patients with baseline
LSM values >21.3 kPa were significantly more prone to develop HCC de novo
(p =0.005; OR, 4.24; 95% CI, 1.50-11.97) and HCC recurrence in those with a his-
tory of previous HCC (p = 0.01; OR, 11.91; 95% CI, 1.33-106.78). Degasperi et al.
[70] demonstrated that baseline LSM was a predictor of de novo HCC as well (haz-
ard ratio [HR], 1.03; 95% CI, 1.01-1.06; P = 0.01), with the best cut-off being an
LSM >30 kPa. Take into account that both previous studies included patients with
Child-Pugh class A and B liver cirrhosis, those patients with worse liver function
also had higher LSM, which could lead to an overestimation of the effect of base-
line LSM.

Ravaioli et al. [71] found that a LSM reduction <30% (HR, 5.360; 95% ClI,
1.561-18.405; p = 0.008) during a median follow-up of 15 months after DAA
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treatment was an independent predictor of HCC development. A possible explana-
tion of these results could be the persistence of greater fibrosis and portal hyperten-
sion after DAA therapy in patients who developed HCC compared to those who did
not, in whom the lower reduction of LS might reflect an improvement in
inflammation.

In contrast to what has been previously reported, a multicentre prospective study
from Pons M et al. reported that neither baseline LSM nor LSM improvement pre-
dicted the occurrence of HCC. This study, including 572 patients with Child-Pugh
class A, demonstrated that albumin levels at follow-up (HR 0.08; 95% CI 0.02-0.25;
p <0.001) and LSM <10 kPa at follow-up (HR 0.33; 95% CI 0.11-0.96; p < 0.042)
were independently associated with the risk of HCC. Combining both predictors,
they identified two groups with differing risk of HCC occurrence: those with LSM
>20 kPa at follow-up or those with LSM between 10 and 20 kPa and albumin levels
<4.4 g/dl were at the highest risk (IR >1.9/100 patient-years).

According to all these results, it can be concluded that TE could be useful to
identify patients at risk of developing HCC, but more data are needed before it can
be integrated into an HCC surveillance programme [10].

This matter is further dealt with in Chap. 12.

3.6 Transient Elastography to Determine Prognosis

There is increasing evidence for the prognostic value of non-invasive tests, particu-
larly LS measurement using TE, in CHC patients [10]. Vergniol et al. [72] showed,
in a cohort of 1457 CHC patients, the prognostic value of LSM for 5-year overall
survival and survival without liver-related death, which remained after adjustment
for treatment response, patient age and estimates of necro-inflammatory grade.

In another study, Vergniol et al. [73] demonstrated that survival decreased as
delta of 3-year LSM increased, especially in patients with baseline LSM >7 kPa.
According to these results, they proposed a clinical management algorithm, using
baseline LSM (kPa, HR 5.76; 95% CI 3.74-8.87; p < 0.001), LSM evolution (kPa/
year, HR 1.19;95% CI 1.11-1.28; p < 0.001) and SVR achievement (HR 0.19; 95%
CI 0.05-0.80; p = 0.023) for the prediction of prognosis and patient manage-
ment in CHC.

According to a meta-analysis [74] including 27 studies (n = 5874 treatment-
naive CHC patients), LSM progression rates were consistent with fibrosis progres-
sion rates derived from biopsy in predicting time-to-cirrhosis, although there was
less consistency for early-stage progression (time-to-F2).

Therefore, the potential role of TE for predicting clinical outcomes seems to be
greater than that of liver biopsy; probably LSM is consistent with pathophysiologi-
cal processes that a biopsy cannot, but more studies are needed to obtain refined
estimates [10].

This topic is further dealt with in Chap. 12.



38 M. Cilla and E. A. Tsochatzis

3.7 Conclusions

Significant progress has been made in the field of non-invasive assessment of
liver fibrosis, reducing the need of liver biopsies. The role of TE for fibrosis
staging in CHC patients is crucial prior to therapy for predicting the presence
of advanced fibrosis and cirrhosis and prioritizing patients for HCV therapy
based on disease stage. Instead, for the diagnosis of significant fibrosis, the use
of combination algorithms may provide the highest diagnostic accuracy.
Therefore, TE can be used for the risk prediction of HCC and liver-related
complications, like CSPH and GEV requiring treatment, and for guiding the
need of further evaluation with more invasive tests. In addition, there is increas-
ing evidence for the prognostic value of LS measurement using TE in patients
with cirrhosis.

Routine use of TE after SVR in CHC patients, on the other hand, has a high false-
negative rate and cannot be used to determine which patients no longer need HCC
screening or for diagnosis of cirrhosis reversal. Finally, it remains to be seen the
cut-off thresholds that predict low risk of liver-related events and the best timing for
repeated assessment of LSM after therapy.
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4.1 Introduction

Hepatitis B virus (HBV) infection is still a global public health problem with chang-
ing epidemiology due to several factors including vaccination policies and migra-
tion [1]. Approximately 250 million people are chronic HBV surface antigen
(HBsAg) carriers, with a large regional variation between low (<2%) and high
(>8%) endemicity levels [1]. The prevalence decreased from high to low-medium
endemicity in several countries due to improvements in the socioeconomic status,
universal vaccination programs, and effective antiviral treatments. However, popu-
lation movements and migration are currently influencing the prevalence of the
infection in several low-endemic countries in Europe (e.g., Italy, Germany), because
of the high HBsAg prevalence rates in migrants from Central/Eastern Europe, Asia,
and sub-Saharan Africa [2, 3].

Chronic HBV infection is a dynamic process reflecting the interaction between
virus and host’s immune response: in the presence of an effective immune control,
a reduced transcriptional activity of the covalently closed circular viral DNA
(cccDNA) is associated with persistently low-replicative levels and the absence of
active liver disease; by converse when the immune system fails to control viral
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infection, the presence of florid viral replication promotes hepatitis and its progres-
sion [4-6]. Accordingly, the natural history of chronic HBV infection can be
described focusing on the presence or absence of liver inflammation, and the current
nomenclature is based on the description of the two main conditions—infection and
hepatitis—and distinguishes chronic HBV infection associated with HBV-induced
liver disease, namely, chronic hepatitis B (CHB) (either HBeAg positive or nega-
tive), from chronic HBV infection without HBV-induced liver damage, namely,
non-inflammatory HBeAg-positive and HBeAg-negative infection [2].

A correct identification of the phase of HBV infection is fundamental for the
optimal management of HBV carriers in clinical practice as patients who have
active disease require treatment intervention and more intensive monitoring,
whereas patients who have infection without hepatitis do not require antiviral treat-
ment [2, 7]. Diagnosis of the chronic HBV infection phase is based on virological
and biochemical parameters, but in a significant number of patients, particularly in
HBeAg-negative/anti-HBe-positive carriers, a single determination of HBV replica-
tion markers as well as serum transaminases does not allow an accurate classifica-
tion into one of the two phases: HBeAg-negative chronic hepatitis B or infection
(previously named inactive infection), because of the fluctuating profile of HBeAg-
negative chronic hepatitis B (CHB) [2, 8]. Thus, in case of low viremia levels
(<2000-20,000 IU/mL), a serial monitoring of serum HBV-DNA and alanine ami-
notransferase (ALT) levels is required for at least 12 months, unless additional
markers are combined [2, 9, 10].

In patients with chronic hepatitis, the persistence of high replicative levels and
liver necro-inflammation favors liver disease progression: the extent of fibrosis is a
major prognostic factor which correlates with the risk of developing cirrhosis and
liver-related complications [2]. In untreated CHB patients, the 5-year cumulative
incidence of cirrhosis ranges from 8% to 20%, and, among those with cirrhosis, the
5-year cumulative risk of hepatic decompensation is 20%, with an annual risk of
hepatocellular carcinoma (HCC) of 2-5% [6, 8, 11].

The current available antiviral therapy for CHB [short-term treatment with
pegylated interferon (Peg-IFN) or long-term suppressive therapy with oral nucleos(t)
ide analogues (NA)] prevents disease progression, reduces the risk of end-stage
liver complication, and even reverses hepatitis B virus (HBV)-induced liver fibrosis
[2]. However, because of the oncogenetic potential of HBV infection, mainly due to
the random integration of HBV-DNA sequences into the hepatocyte genome, par-
ticularly in patients with cirrhotic de-arrangement of the liver acinus (persistence of
porto-central fibrotic bridges), the risk of developing hepatocellular carcinoma
(HCC) persists even after a sustained virological response to therapy [12]. Therefore,
the definition of the stage of liver disease is crucial in the management of HBsAg
carriers.

Liver biopsy is the reference standard for both grading and staging of liver dam-
age. However, it is an invasive procedure, not suitable for tight monitoring, and
minimal specimen’s requirements are needed to allow a correct evaluation of the
liver disease: minimum length 2-2.5 cm and presence of at least 11 portal tracts [13,
14]. Its diagnostic accuracy is significantly influenced by sampling errors and the
high rate of intra- and inter-observer variability, leading to under-staging of fibrosis
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even in adequately sized specimens, with false-negative results in up to 30% of case
[13, 14]. Therefore, major efforts had been made to identify noninvasive diagnostic
tools providing a quantitative index of fibrosis for an appropriate diagnosis and
management of CHB patients.

Liver fibrosis can be indirectly quantified by serum markers: fibrosis-4 (FIB-4)
index (age x aspartate aminotransferase [AST])/(platelet square root of alanine ami-
notransferase [ALT]), direct serum markers related to extracellular matrix forma-
tion (e.g., hyaluronic acid), degradation, cytokines (e.g., transforming growth
factor), or fibrinolytic pathways (e.g., tissue inhibitor of metalloproteinases-1) or a
combination of several markers, such as the enhanced liver fibrosis or ELF-test [15].
Also ultrasound (US)-based tests including transient elastography (TE), acoustic
radiation force impulse imaging (ARFI), and splenic Doppler impedance index have
been implemented [15, 16]. Finally, transient elastography (TE) measured by
FibroScan® (Echosens, Paris, France) provides a direct, rapid, and reproducible
assessment of liver stiffness (LS) that is a reliable fibrosis index currently recom-
mended by the European Association for the study of the liver (EASL), provided
that its values are adequately contextualized [2, 17]. We briefly reviewed the use of
TE in the management of chronic HBsAg carriers, providing evidences about the
importance of combining the serum virologic and biochemical pattern with the liver
stiffness value to achieve an accurate assessment of liver disease at the single
patient level.

4.2 Liver Stiffness Cofactors and Confounders

Liver stiffness is a physical parameter that primarily results from liver fibrosis; how-
ever, its values are influenced also by other factors that modify liver elasticity, such
as the inflammatory infiltrate, edema, vascular congestion, cholestasis, and, even if
still controversial, steatosis [17, 18]. Therefore, for a proper interpretation of TE
values, the interference of such factors, particularly of inflammation, has to be con-
sidered, given the disease profile of CHB. It is known that HBeAg-negative CHB
patients frequently display fluctuations of necro-inflammation and biochemical
activity (hepatitis flares) followed by prolonged spontaneous virological and bio-
chemical remission that mimic the pattern of HBeAg-negative infection [8]. We
firstly observed that in patients with CHB, there was a significant correlation
between LS and ALT levels and significant fluctuations of TE values paralleled ALT
values during hepatitis flares, in patients with acute or chronic hepatitis [19].
Independent studies [20-24] confirmed these observations in patients with acute
liver damage of different etiology. Interestingly, in patients with acute hepatitis or
CHB with ALT flare LS peak values frequently exceeded the threshold values pro-
posed for cirrhosis even in patients with absent or mild fibrosis [19]. Thus, intrahe-
patic inflammation has important implications for LS values, and the ALT pattern
has to be taken into account when interpreting the results of TE measurements to
avoid an overestimation of liver fibrosis in patients with elevated ALT [17]. Chan
et al. have proposed an algorithm which uses higher cutoffs in patients with elevated
ALT levels, to avoid the overestimation of fibrosis because of the inflammation.
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However, adapting cutoffs on ALT did not improve the overall percentage of patients
correctly classified [24]. In agreement with the major interference of liver necro-
inflammation on LS values is the rapid decline of LS paralleling that of ALT during
the early phase of treatment [24].

The influence of steatosis on LS measured by FibroScan in chronic hepatitis B
patients is still controversial, but it appears less relevant as compared to steatosis in
CHC. Gaia et al. studied 219 patients with CHB with or without steatosis to deter-
mine the reliability of TE for the detection of fibrosis. In the subgroup of 72 patients
with moderate steatosis (>33%) and advanced fibrosis, LS values were lower than
expected and similar to fibrosis stages 1 and 2 [25]. Kim et al. recruited 162 CHB
patients and demonstrated that mild to moderate steatosis (5-66%) did not have
significant impact on LS values [26]. Cai et al. showed that in subjects with low-
grade fibrosis (S0-S2/S0-S3), mean LS values were significantly higher in subjects
with severe steatosis or controlled attenuation parameter (CAP) >287 dB/m com-
pared with those without [27]. These findings are in agreement with the previously
published data by Boursier et al. who found that, in chronic hepatitis C (CHC)
patients, the influence of liver steatosis disappeared in patients with significant
fibrosis [28]. The authors concluded that steatosis increases liver stiffness as mea-
sured by FibroScan only in patients without severe fibrosis, whereas the influence of
steatosis disappears in the presence of severe fibrosis.

Finally, Fraquelli et al. made a comprehensive evaluation of the factors respon-
sible for any discrepancies in diagnostic accuracy between TE and liver biopsy in
both CHB and CHC patients [29]. The results of the study showed that fibrosis stage
and liver cell necro-inflammatory activity were independently associated with LS
values in both HBV and HCV patients, whereas steatosis was independently associ-
ated with TE only in HCV. Fibrosis overestimation was predicted by severe/moder-
ate necro-inflammatory activity in HBV and by older age (41-60 years or >60 years
vs <40 years), >2 upper limit of normal (ULN) AST and >2 ULN GGT, whereas
severe/moderate necro-inflammatory activity and severe/moderate steatosis in
CHC [29].

In conclusion, all these data demonstrate that LS results in multiple intrahepatic
conditions, where fibrosis and necro-inflammation are the major drivers: therefore,
as TE provide a quantitative index of fibrosis/inflammation, the relative impact of
each of the two on the overall TE value at any given time point of the patient history
has to be evaluated in strict relation with the time-specific clinical pathologic
conditions.

4.3 TEin Untreated HBV Carriers
4.3.1 HBsAg Carriers Without Liver Disease
Individuals with HBeAg-negative infection are conventionally defined as HBsAg

positive, hepatitis B e antigen (HBeAg) negative, anti-HBe-positive individuals
with normal alanine aminotransferase (ALT), and HBV-DNA persistently
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<2000 IU/mL [2]. Long-term follow-up studies showed that such virological pro-
file is a favorable and benign condition, leading to a progressively control of HBV
replication and fostering transition to occult hepatitis B infection (OBI) in a sig-
nificant proportion of cases [7, 9, 10, 30-33]. Similarly, growing evidences sug-
gest that carriers with viremia levels persistently <20,000 IU/mL have a benign
outcome as well as high rate of transition to inactive infection (43% of subjects
followed for 6 years, on our experience) [10]. Therefore, in this subset of HBeAg-
negative carriers without active liver disease, there is not any need for an invasive
assessment of liver histology. However, the diagnostic challenge remains to timely
identify HBeAg-negative CHB patients who show a similar virological and bio-
chemical profile because of a temporary remission of both viral replication and
disease activity [8]. A tight monitoring of HBV-DNA for at least 1 year or a com-
bination of different serum viral markers (HBsAg; total anti-HBc and HBcrAg)
has been proposed [9, 10, 30-33]. Alternatively, to avoid a costly and time-con-
suming monitoring, several studies have investigated the accuracy of TE to dis-
criminate between HBeAg-negative infection and CHB [10, 20, 34-36]. We firstly
reported low LS values in 68 genotype D carriers of HBeAg-negative infection
(TE = 5.0 + 1.8 kPa), showing that in carriers with metabolic liver disease, mean
LS values were significantly higher than in those without liver disease cofactors
(6.9 £ 2.3 kPain 17 patients with histologically proven steatohepatitis or steatosis
vs 4.3 + 1.0 kPa in 57 subjects with normal ALT and without cofactors) [20].
Many studies subsequently confirmed that carriers of HBeAg-negative infection
have mean LS values comparable to those of normal controls and significantly
lower than those of CHB patients [34-37]. Overall, all these studies confirmed
that median TE values are less than 5 kPa in low-replicative HBeAg-negative car-
riers, with an upper range reaching 7.9 kPa values in some studies [34, 35]. Thus,
high LS values (with or without serum ALT elevations) in carriers with viremia
persistently <2000 IU/mL suggest the presence of liver damage due to causes
other than HBV with the need for further investigations, eventually with
liver biopsy.

Monitoring LS values can also contribute to confirm the benign course of
infection. Castera et al. reported that LS measurements did not differ signifi-
cantly over time in 82 low-replicative carriers (median follow-up, 21.7 months;
range, 3.3-49.1 months) confirming the clinical usefulness of TE in these sub-
jects [35]. Consistently with the previous reports, Wong et al. studied LS at base-
line and after a 3-year follow-up in an Asian cohort of 361 HBeAg-negative HBV
carriers: the liver disease progression (which was arbitrarily defined as “an
increase in LS by at least 30% to a value suggestive of advanced fibrosis”)
appeared to be rare among patients with a HBV-DNA level <20,000 IU/mL
(2.8%) and extremely rare in inactive carriers (0.8%) [36]. Similarly in our cohort
of 133 low viremic carriers with uneventful outcome for over 60 months, liver
stiffness values remained stable throughout the follow-up (baseline median stiff-
ness values of HBeAg-negative carriers and low viremic carriers 4.9 (2.7-5.8)
and 5.2 (3.1-6.1) kPa vs 4.6 (2.5-6.2) kPa vs 4.6 (3.2-5.9) kPa at the end of
follow-up) [10].
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4.3.2 Untreated CHB Patients

Both European and Asian studies showed that the natural course of HBV infection
varies between geographical areas and is affected by several factors such as age at
primary infection, gender, host genomics, HBV genotype, mutant strains, and pres-
ence of cofactors of liver disease [6, 7, 11]. However, high levels of HBV replica-
tion, independent of HBeAg status, and sustained disease activity are the strongest
predictors of adverse clinical outcomes, increasing the risk of cirrhosis and liver-
related mortality, due to the development of HCC and liver failure [2, 6, 8].
Therefore, in CHB patients, the assessment of the disease stage is crucially impor-
tant to take appropriate therapeutic decisions, monitoring treatment response, and
disease progression and to evaluate the need for HCC surveillance.

Several studies have analyzed the diagnostic accuracy of TE in predicting the
stage of fibrosis in CHB patients; a summary of the most relevant studies is reported
in Tables 4.1 and 4.2.

The proposed LS thresholds to diagnose significant fibrosis (F > 2 or § > 3)
range from 5.2 to 8.7 kPa, with highly variable sensitivity (64-93%), specificity
(38-92%), and AUROC ranging from 0.82 to 0.96. The range of the LS thresh-
olds to identify cirrhosis (F' > 4) is even higher, ranging from 9.4 to 17.5 kPa;
nevertheless, many studies suggested values around 11 kPa, with AUROC >0.90
(Table 4.2).

The wide variations of LS thresholds are influenced by several factors: the het-
erogeneity of the different cohorts, with unbalanced distribution of patients in terms
of phases of HBV infection, disease activity, and stages of fibrosis. Furthermore, in
many studies, an accurate stratification according to the stage of portal hypertension
is missing. Finally, since TE provide a fibrosis/inflammation index without

Table 4.1 Transient elastography performance for the diagnosis of significant fibrosis
(F>2)in CHB

Patients | Cutoff Sensitivity | Specificity AUROC (95%

Ref. Country | (n) (kPa) (%) (%) CI)

Oliveri etal. | Italy 188 7.5 93 88 0.96

[20] (0.94-0.99)

Marcellin France | 173 7.2 70 83 0.81

et al. [38] (0.73-0.86)

Chan et al. China 161 8.4 84 76 0.87

[24] (0.82-0.93)

Degos et al. France |284 52 89 38

[39]

Vigano etal. | Italy 217 8.7 64 92

[37]

Cardoso et al. | France |202 7.2 74 88 0.86

[40]

Jiaetal. [41] |China 486 7.3 66 83 0.82
(0.78-0.85)
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Table 4.2 Transient elastography performance for the diagnosis of cirrhosis (F4) in CHB

Patients | Cutoff Sensitivity Specificity AUROC

Ref. Country | (n) (kPa) (%) (%) (95% CI)

Oliveri etal. | Italy 188 11.8 93 88 0.97

[20] (0.95-0.99)

Marcellin France 173 11.0 70 83 0.93

et al. [38] (0.82-0.98)

Chan et al. China 161 13.4 79 92 0.93

[24] (0.89-0.97)

Vigano etal. | Italy 217 9.4 100 82

[37]

Kim et al. Korea 99 10.3 59 78 0.80

[42]

Cardoso et al. | France |202 11.0 75 90 0.93

[40]

Jiaetal. [41] | China 486 17.5 60 93 0.90
(0.87-0.94)

dissecting the relative values of these two components, the inclusion of patients dur-
ing an ALT flare might have caused an overestimation of fibrosis in a subset of
patients reducing the overall diagnostic performance of TE in predicting fibrosis.

A few studies have carried out direct comparisons between CHB and chronic
hepatitis C (CHC) patients. Cardoso et al. and Verveer et al. have assessed—in a
cross-sectional study—treatment-naive patients with CHB or CHC who under-
went TE measurement and liver biopsy, showing that the overall TE diagnostic
performance was similar in the two groups of patients [40, 43]. In a meta-analy-
sis including 17 studies on CHC patients and ten studies on CHB patients,
Tsochatzis et al. reported that LS cutoffs were globally lower in CHB as com-
pared to CHC group (on average 7.0 vs 7.6 for F' > 2, 8.2 vs 10.9 for F' > 3, and
11.3 vs 15.3 for F4) [44]. Similar findings were reported by Chon et al. in another
meta-analysis of 18 studies assessing HBV patients, which showed the estimated
cutoff of 7.9 (range 6.1-11.8) kPa for F > 2, 8.8 (range 8.1-9.7) kPa for F > 3,
and 11.7 (range 7.3-17.5) kPa for the identification of F = 4 [45]. A possible
explanation for this finding is the evidence that fibrosis septa are usually thinner
in CHB patients resulting in cirrhosis with larger nodules (macronodular cirrho-
sis) as compared to CHC [14, 46]. However, many additional cofactors can influ-
ence the LS values, and their different prevalence in CHC and CHB patients may
well explain the results.

In clinical practice, TE contributes to identify chronic HBV carriers without
liver disease (LS values <5 kPa and comparable to healthy subject) or patients
without significant fibrosis (LS values <8 kPa). By converse, LS values ranging
from 8 to 11 kPa are indicative of significant liver disease, but they need to be
contextualized to rule out a possible interference of necro-inflammation.
Similarly, values >11 kPa, in the absence of an ALT flare, are indicative of severe
fibrosis (Fig. 4.1).
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Fig. 4.1 FibroScan values and stage of liver disease in untreated HBV carriers. Schematic dia-
gram of FibroScan values in untreated HBV carriers. For values in the range of 5-15 kPa, a cor-
relation with the biochemical activity of disease is mandatory for the correct interpretation of the
data. Adapted and modified from Bonino et al. [18]

4.4 TEinTreated CHB Patients
4.4.1 LS Kinetics During Antiviral Treatment

Antiviral therapy in CHB is aimed to prevent its progression to cirrhosis or, when
cirrhosis is already present, to avoid or delay the development of the end-stage com-
plications of liver disease and HCC [2]. Disease progression is promoted by persis-
tent liver necro-inflammation that results from the inability of the host’s immune
system to control viral replication effectively. Two different therapeutic approaches
can be attempted to suppress disease activity: (1) to shift the host-virus equilibrium
from the pathogenic active to the nonpathogenic low-replicative phase with a time
limited course of antiviral treatment capable of inducing a sustained off-therapy
control of HBV replication and (2) to suppress viral replication persistently with
continuous antiviral treatment [2]. Interferon (IFN) is the major player of the former
strategy, even if also nucleos(t)ide analogues (NA) treatment can achieve a persis-
tent control of the infection in a proportion of patients, usually after prolonged treat-
ment. However, in many patients, mainly HBeAg negative with advanced fibrosis, a
long-term, eventually lifelong, treatment is preferred to warrant a persistent phar-
macological control of viral replication [2]. Since the early 1990s, several studies in
IFN treated patients showed that an effective treatment is associated with the clear-
ance of intrahepatic necro-inflammation and reduction of fibrosis, with an overall
improvement of liver histology [8, 47-49]. More recently, the follow-up of patients
in long-term NA treatment showed a similar picture, with the evidence of a signifi-
cant reduction of fibrosis, eventually with cirrhosis reversal [50]. Actually, cirrhosis
results not only from diffuse fibrosis but also from nodular parenchymal regenera-
tion (architectural distortion) and major vascular derangements, including intrahe-
patic portosystemic shunts [51]. A full reversal of such alterations in patients with
long-lasting cirrhosis is unlikely: even if resorption of fibrosis can occur, it remains
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to be clarified to which extent the plasticity of the vascular structures could favor the
resolution of the abnormal vascular shunts [51]. Nevertheless, long-term NA treat-
ment is associated with lower rates of liver decompensation, HCC development, and
overall improvement of patients’ survival [12, 50, 52, 53]. Therefore, mainly in
patients with advanced fibrosis, it is mandatory to monitor antiviral therapy not only
in terms of viral and biochemical response but also of liver disease improvement.

Liver biopsy, as discussed previously, is unsuitable for multiple evaluations that
would be required to monitor the changes in liver disease during NAs. Therefore,
alternative noninvasive and reliable tools for longitudinal follow-up of these patients
are required in clinical practice. Accordingly, TE had been widely used to monitor
treated CHB patients, and the LS dynamic changes in patients undergoing NAs
treatment show a significant decrease of its values overtime. Nevertheless, since TE
provides a combined fibrosis/inflammation index, it is difficult to differentiate the
LS reduction resulting from the clearance of necro-inflammation from that due to
the fibrosis regression. Several studies, mainly retrospective, investigated the role of
necro-inflammation on LS changes during NAs, with conflicting results (Table 4.3).
Some studies suggested that a decrease in LS values was a consequence of fibrosis
regression because on-treatment LS decline was independent from baseline ALT
levels or unrelated with ALT changes [54-56, 61, 64, 65]. On the contrary, other
studies reported either a correlation between LS and ALT decline or a significant LS
decline only in patients whose ALT levels were elevated at baseline [57, 58].

Interestingly, Wong et al. in their prospective study recruited 71 CHB patients
with paired liver biopsy and transient elastography before and after week 48 of
antiviral treatment in two randomized clinical trials. The authors reported ALT nor-
malization in 82% of patients and LS decrease, defined as a decline >30% of base-
line value, in 39%. Among patients with decreased LS values, only 11 (39%) had
histological regression of fibrosis, while 14 and 3 had unchanged or progression of
Metavir staging, suggesting that the decrease in LS values was more likely associ-
ated with the reduction of both intrahepatic necro-inflammation and ALT rather
than a change in liver fibrosis [59].

More recently, Liang et al. studied the dynamics of LS every 6 months in 534
CHB patients treated with entecavir (ETV). Histological reassessment in a subset of
164 patients showed a regression of fibrosis in about 60% of cases after 2 years of
ETV. Median LS values declined in parallel with ALT levels in the first 24 weeks;
thereafter, from week 24 to 104, a slower but persisting decline of median LS was
observed, in spite of stable ALT values. Interestingly, LS values declined indepen-
dently of baseline ALT values, but their decline was greater in patients with more
severe necro-inflammation and fibrosis at baseline as well as in patients with better
virological response [63].

Overall, these findings and longitudinal studies with 3-5 years of follow-up
confirm that LS is a measure of both liver inflammation and fibrosis: LS kinet-
ics show a biphasic pattern with an initial phase of more rapid decline, fol-
lowed by a subsequent slower decline [60, 62, 63]. The rapid-to-slow decline
observed within the first 24-48 weeks of treatment suggests that in the early
phase, the remission of biochemical activity and the progressive reduction of
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Fig. 4.2 Dynamic changes in liver necro-inflammation and liver stiffness in CHB patients under-
going NAs. Dynamic changes of ALT and liver stiffness values in 50 CHB patients on long-term
(>5 years) antiviral therapy with NAs. Personal unpublished data

intrahepatic necro-inflammation play a major role in LS values variation. Later
during treatment, particularly after ALT normalization, the more gradual LS
reduction reflects the regression of fibrosis (Fig. 4.2). Since fibrosis is more
likely to regress if it is recent (such as in case of the unregulated wound-heal-
ing response induced by active necro-inflammation) [66], it remains to be dem-
onstrated whether a greater LS decline could reflect mainly a regression of a
more recent fibrosis.

In our previous experience of 35 treated patients monitored with TE for
48 months, LS showed a mean yearly decline of about 0.2-folds reaching values
below the cirrhosis cutoff (11.8 kPa) in patients who maintained the histologic
evidence of cirrhosis [20]. As a consequence, it remains open the question whether
the LS thresholds currently used to identify the different stages of fibrosis in
patients with active liver disease can be automatically applied to patients with a
complete and long-lasting resolution of disease activity (i.e., necro-inflamma-
tion). In fact, studies where LS values are compared with the histological picture,
in an adequate number of both patients with active and inactive cirrhosis, are
missing. Therefore, in patients on long-term NA treatment, without a baseline
characterization of liver disease stage, the LS values must be always interpreted
on the light of the other biochemical and instrumental information, to rule out the
presence of cirrhosis.
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4.4.2 Correlation Between LS Changes During Treatment
and CHB Outcomes

Chronic HBV infection, as previously discussed, is a major cause of HCC world-
wide with an annual incidence of 2-3% for HBsAg-positive carriers with com-
pensated cirrhosis and less than 1% for those without cirrhosis [11]. It is now
widely accepted that the risk of HCC development is reduced by an effective and
prolonged viral load suppression such as that obtained under NAs. However, the
risk of HCC is not eliminated, probably due to pathophysiological events that
occurred before therapy start or to oncogenetic mechanisms that are not influ-
enced by antivirals [12]. Therefore, surveillance for HCC is recommended in
CHB patients, but reliable tools for risk stratification are of crucial importance in
order to sustain cost-effectiveness [67]. Accordingly, several risk prediction
scores have been developed in the past decade, initially in untreated cohorts of
Asian patients, based on multiple factors that were found associated with HB V-
related HCC, such as gender, age, fibrotic stage, and HBV-DNA levels [68]. Most
of them in addition to demographic and biochemical parameters include HBV-
DNA as the major prediction variable: the CU (Chinese University)-HCC score,
which was derived from 1005 untreated CHB patients (38% with cirrhosis), uti-
lizes age, albumin, bilirubin, HBV-DNA levels, and presence or absence of cir-
rhosis [69], and the REACH-B score (risk estimation for HCC in CHB), derived
from 3584 non-cirrhotic CHB patients, is based on sex, age, ALT, HBeAg, and
HBV-DNA levels [70]. However, since high genetic barrier NAs were introduced
in the treatment of CHB, the prognostic significance of serum HBV-DNA levels
loses power because most of the treated patients achieve and maintain a complete
virological response. Actually, several studies demonstrated that a stratification
according to fibrotic burden could be more prognostic, since the degree of fibrosis
was associated with HCC development [71], hepatic decompensation [72], and
portal hypertension-related complications [73].

In 2014, Wong et al. refined the CU-HCC score in a training cohort of 1035 sub-
jects, including 390 patients under antiviral treatment, where the clinical definition
of cirrhosis was replaced by a stratification of the population in three groups accord-
ing to the increasing levels of LS (<8.0 kPa, 8.1-12.0 kPa, and >12.0 kPa). The new
score (LSM-HCC) was superior in predicting the 3- and 5-year risk of HCC devel-
opment, with an AUROC in the validation cohort of 0.89 at 3 years and 0.83 at
5 years. Using a cutoff of 11 points to stratify the population, the HCC rates at
5 years were 0.3% and 7.6% in the low- and high-risk group, respectively [74]. In
same year, Lee et al. demonstrated that a reduction >25% in LS values from BL at
complete virological response was associated with favorable outcomes in CHB
patients treated with ETV. Therefore, they developed a modified REACH-B score
(mREACH-B) in which the HBV-DNA level of the original score was substituted
with the LS value stratified into three groups (<8.0 kPa, 8.0-13.0 kPa, and >13.0 kPa)
[75]. Finally, the authors compared all the available predictive scores in a cohort of
1308 patients (848 undergoing antiviral treatment) and found that the AUROC of
mREACH-B at 3 and 5 years in the prediction of HCC development were higher
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than those of the other models, both overall and in the subgroup of treated patients
[76]. More recently, the same group developed another LS-based HCC prediction
model, including US features of cirrhosis, age, gender, platelet count, albumin, and
LS > 11 kPa (CAMPAS), in 1511 patients receiving NAs. The CAMPAS model was
validated in an external independent cohort of 252 treated patients and showed a
significantly higher prognostic performance compared to the mREACH-B [77].
Overall, these findings are very promising; however, the modified score using LS
needs to be validated in non-Asian cohorts, to rule out possible bias from confound-
ing factors that can influence LS values in different patients’ populations [68].
Currently, the HCC predictive score developed in Caucasian patients treated with
ETV o