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screening, that community based physicians, infectious disease
physicians and internists may treat HCV [250]. In this situation,
the role of non-invasive tests is also very important for
determination of appropriate referral of patients with more
advanced liver disease to specialists for appropriate disease
monitoring [81].

Recommendations

. Non-invasive tests, using either TE or serum
biomarkers, are adequate for diagnosis of severe
fibrosis/cirrhosis in HCV and HIV-HCV coinfected
patients and can be used to prioritize patients for HCV
therapy based on disease stage (A1)

. For the diagnosis of significant fibrosis a combination
of tests with concordance may provide the highest
diagnostic accuracy (A2)

. Non-invasive tests should be utilized prior to therapy by
treating non-specialists to make sure that patients with
severe fibrosis/cirrhosis are referred for appropriate
disease specific specialist evaluation (A1)

HBV

Liver cirrhosis is the most important risk factor for liver-related
complications and HCC in chronic hepatitis B. According to all
regional guidelines, patients with liver cirrhosis and significant
viraemia (HBV DNA >2000 IU/ml) should receive antiviral treat-
ment regardless of the ALT levels [251-253]. Hence, non-invasive
assessment of liver fibrosis can be considered in all patients in
whom liver cirrhosis is suspected. Among hepatitis B patients
who have elevated ALT but not yet reached two times ULN, liver
fibrosis assessment can assist the decision of antiviral therapy.
Patients who have significant liver fibrosis and HBV DNA
>2000 IU/ml should be considered for antiviral therapy even if
their ALT levels are below two times ULN [251,252]. Among
patients who have persistently elevated ALT >2 times ULN and
HBV DNA >2000 IU/ml, all regional guidelines recommend com-
mencement of antiviral therapy and liver fibrosis assessment
may not be necessary.

Recommendations

. Non-invasive assessment of liver fibrosis, using either
serum biomarkers or TE, should be considered for
patients with significant viraemia (HBV DNA >2000 U/
ml) when liver cirrhosis is suspected (A1)

. Among patients who have HBV DNA >2000 1U/ml,
antiviral therapy should be considered for patients who
have advanced fibrosis or cirrhosis as determined by
non-invasive assessment of liver fibrosis, either by
serum biomarkers or TE, regardless of the ALT levels
(A1)

Use of non-invasive methods for monitoring treatment response in
viral hepatitis

HCV including HIV-HCV

A major advantage of non-invasive tests, compared with liver
biopsy, is that they can be easily repeated over time in patients
receiving antiviral therapy and that they could be used to moni-
tor response to treatment and to evaluate fibrosis regression.
Several studies reported a significant decrease in LS and
biomarkers values, compared with baseline values, in patients
with HCV who achieved SVR [254-263], consistent with signifi-
cant histologic improvement documented in studies of paired
liver biopsies from HCV patients who achieved SVR [264,265].
However, the changing levels of ALT and inflammation of suc-
cessfully treated HCV patients can confound results of TE or bio-
markers. Indeed, the major component of the significant
decrease observed in LS and biomarkers values is not just rever-
sal of fibrosis but also reduction in liver injury, edema and
inflammation.

There are two important clinical questions about the use of
non-invasive tests after antiviral treatment. First, what is the evi-
dence of fibrosis and particularly cirrhosis reversal by non-inva-
sive tests? The reversal of cirrhosis has important consequences
in that it may alter long-term prognosis particularly for HCC
occurrence in HCV patients and change the approach to screening
and surveillance for HCC after SVR. This leads into the second
question, what are the cut-off thresholds post SVR for determina-
tion of decreased risk of liver-related outcomes?

In HCV, there is only one study that has examined reversal of
cirrhosis in 33 patients with cirrhosis with pre- and post-treat-
ment liver biopsies and TE after SVR [266]. There was reversal
of cirrhosis by biopsy in 19 patients with 11 of the 19 being
METAVIR F3 and the remainder F1 or F2. Using a cut-off of
12 kPa, TE had a sensitivity of 61% and a specificity of 95%. The
low sensitivity makes TE a poor tool to be utilized clinically as
evidence of cirrhosis regression. Non-invasive tests, including
TE and serum biomarkers, have been shown to predict liver-re-
lated outcomes in HCV patients [267,268]. In both these studies
clinical cut-offs of LS between 9.5 and 10.5 kPa were able to strat-
ify patients at increased risk of clinical liver-related outcome. The
best timing for repeated assessment of LS after therapy has not
been established yet.

Recommendations

. Routine use of non-invasive tests during treatment
or after SVR in non-cirrhotic patients does not add to
clinical disease management (A1)

. Routine use of non-invasive tests after SVR in patients
with HCV cirrhosis has a high false negative rate and
cannot be used to determine which patients no longer
need HCC screening or for the diagnosis of cirrhosis
reversal (A2)

. Routine use of non-invasive tests after SVR has not
yet established thresholds that predict low risk of liver-
related events (A1)
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HBV Recommendations
Prolonged treatment with antiviral therapy is associated with
resolution of liver fibrosis and regression of liver cirrhosis
[269-271]. Non-invasive tests are an attractive strategy to moni-
tor changes in fibrosis. A significant decrease in LS and biomark-
ers values, compared with baseline values, in HBV-infected
patients treated with analogs has been reported [272-281].

. Non-invasive assessment with either serum biomarkers
or TE can be used to monitor improvement in liver
fibrosis during antiviral therapy. The correlation of
fibrosis improvement predicted by non-invasive

However, like for HCV patients, improvement of LS in HBV measurement with histology has yet to be determined
patients who start antiviral therapy when ALT is elevated may (B2)

be related to normalization of ALT instead of fibrosis improve-

ment [274]. In this case, a LS measurement a few months after *  The impact of ALT normalization by antiviral therapy
commencing treatment and normalization of ALT is recom- has to be considered on interpretation of the non-
mended as baseline to monitor the changes in liver fibrosis. The invasive liver fibrosis assessment results (A1)

value of non-invasive tests to predict the occurrence of com-
plications or survival in patients with undetectable HBV DNA
and cirrhosis prior to antiviral treatment remains to be deter-
mined [282-284].

Table 8. Prognostic performance of TE for predicting development of HCC in patients with chronic liver disease.

Authors Etiologies  Year Total patients HCC Region  Design Follow-up AUROC  Cut off
(n) patients (n) duration value
(months) (kPa)

Masuzaki et al. HCV 2008 265 85 Asia Cross- - 0.805 25

[312] sectional

Nahon et al. [313]* Mixed 2009 265 66 Europe  Cross- - n.a. n.a.
sectional

Kuo et al. [311] Mixed 2010 435 106 Asia Cross- - 0.736 24
sectional

Feier et al. [310] HCV 2013 144 72 Europe  Cross- - 0.680 38.5
sectional

Masuzaki et al. HCV 2009 866 77 Asia Longitudinal 36.0 n.a. 25

[317] prospective

Akima et al. [314]  HCV* 2011 157 41 (10)**  Asia Longitudinal 40.7 0.787 12.5
prospective

Wang et al. [319] HCV 2013 198 10 Asia Longitudinal 47.8 n.a. 12
prospective

Narita et al. [318] HCV! 2013 151 9 Asia Longitudinal 241 n.a. 14
prospective

Jung et al. [316] HBV 2011 1130 57 Asia Longitudinal 30.7 n.a. 8
prospective

Chon et al. [315] HBV 2012 1126 63 Asia Longitudinal 30.7 0.789 n.a.
prospective

Fung et al. [275] HBV* 2011 528 7 Asia Longitudinal 35.0 n.a. 10
prospective

Kim et al. [321] HBV 2012 128 13 Asia Longitudinal 27.8 0.722 19
prospective

Kim Do et al. [320] HBV¥ 2013 162 12 Asia Longitudinal 24.0 0.736 12
prospective

Robic et al. [322] Mixed 2011 100 4 Europe  Longitudinal 24.0 0.837 211
prospective

Klibansky et al. Mixed 2012 667 16 USA Longitudinal 28.7 0.870 10.5

[267] prospective

Poynard et al. [323] HCV 2014 3927 84 Europe  Longitudinal 144 0.860 50
prospective

“Liver cirrhosis with Child-Pugh class A. *Mostly HCV with 85.4%. **41 patients with HCC at the time of enrollment, 10 patients developed HCC during follow-up.

TAll patients treated with interferon; *All patients were HBeAg-negative; ¥All patients completed 2-year entecavir treatment.

TE, transient elastography; HCC, hepatocellular carcinoma; AUROC, area under the receiver operating characteristic curve; kPa, kilopascal; HCV, hepatitis C virus; HBV,
hepatitis B virus; n.a., not available.
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Use of non-invasive tests for monitoring disease progression

Portal hypertension

There is substantial evidence indicating that TE can be quite effec-
tive in detecting patients with a high risk of having (or not having)
developed clinically significant elevations of hepatic venous pres-
sure gradient (HVPG) or varices. Several studies have shown that
there is a good correlation between LS values and HVPG in
patients with advanced liver diseases in both pre- and post-trans-
plant settings [285-288]. According to a recent meta-analysis, the
diagnostic performance of TE for predicting clinically significant
PH (CSPH, HVPG >10 mmHg) in the setting of patients with com-
pensated chronic liver disease/cirrhosis is excellent, with an
AUROC of 0.93 [289]; a 90% sensitive cut-off for CSPH diagnosis
is 13.6 kPa, and a 90% specific cut-off in this setting is 21 kPa.
These cut-offs have been shown to allow a correct stratification
of presence/absence of CSPH in patients with compensated cirrho-
sis and potentially resectable HCC, thus reducing the need for
invasive hemodynamic assessment [290]. However, while the
correlation is excellent for HVPG values between 5 and 10-
12 mmHg (typical of cirrhosis without evident clinical mani-
festations related to PH), it hardly reaches statistical significance
for values above 12 mmHg [286]. This is because, with the pro-
gression of cirrhosis, the mechanisms of PH become less and less
dependent on the intrahepatic resistance to portal flow due to tis-
sue fibrosis and progressively more dependent on extra-hepatic
factors (i.e. hyperdynamic circulation, splanchnic vasodilatation)
[291]. This observation sets a key limitation to the use of LS mea-
surements as a non-invasive surrogate of HVPG beyond the pre-
diction of clinically significant (HVPG >10 mmHg) and severe
(HVPG =12 mmHg) PH, and, accordingly, TE of the liver is unli-
kely to be useful in monitoring the hemodynamic response to
the administration of beta-blockers or disease progression in the
decompensated phase. Conversely, repeated LS measurements
could be useful during the first year after liver transplantation
to identify patients with hepatitis C recurrence characterized by
a rapid progression towards cirrhosis [292]; in addition, a LS
>8.7 kPa one year after orthotopic liver transplantation is associ-
ated to a worse prognosis in this setting [293].

More uncertain and controversial is the possibility of predict-
ing the presence and the size of oesophageal varices (OV) based
on LS values. A correlation between LS values and the presence
of OV has been reported in several studies [196,286-288,294-296]
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
presence of OV was high (76-95%), specificity was in general
not satisfactory (43-78%). Regardless, the general features of
these studies, i.e. single-centre retrospective, heterogeneous
etiology of cirrhosis and stages of disease progression, subjective
assessment of OV size, do not allow any sound conclusion on the
utility of LS assessment in predicting the presence of OV and to
screen cirrhotic patients without endoscopy [297].

Recently, studies employing different technical approaches
have highlighted the potential utility of spleen stiffness (SS)
assessment for predicting the presence of OV and the degree of
PH in cirrhotic patients [298-302]. In particular, the study by
Colecchia and co-workers [300] measured SS and LS by TE in
100 consecutive patients with HCV-induced cirrhosis. All
patients also underwent measurements of HVPG and upper GI
endoscopy. The ability of both SS and LS to predict clinically sig-
nificant PH and the presence of OV was compared to that of the

previously proposed methods, i.e. the LS-spleen diameter to pla-
telet ratio score (LSPS) and platelet count to spleen diameter
[303-305]. SS and LS were more accurate than other non-invasive
parameters in identifying patients with OV and different degrees
of PH. Further validation is needed before the place of SS in clini-
cal practice can be defined.

Several biological parameters have been proposed for the
non-invasive detection of CSPH including prothrombin time
[287], a score combining platelet count and total bilirubin
[306], and FibroTest® [307]. In particular, a score combining pla-
telet count with total bilirubin had an AUROC of 0.91 for predict-
ing CSPH with 88% sensitivity and 86% specificity at a cut-off of
-1.0.

Similarly, several non-invasive tools have been proposed for
the detection of OV including routine biological parameters
[308], FibroTest® [309], and combination of simple biological
and ultrasound parameters [303]. In the largest study to date
comparing retrospectively a panel of serum markers (platelet
count, AST/ALT ratio, APRI, Forns index, Lok index, FIB-4, and
Fibroindex) in more than 500 patients with chronic liver diseases,
the combination of Lok index (cut-off = 1.5) and Forns index (cut-
off = 8.8) had the best diagnostic performance (AUROC of 0.80
and negative predictive value of 90%) for predicting clinically
relevant OV [308].

In conclusion, the evidence accumulated so far indicates that
both HVPG and upper GI endoscopy cannot be replaced by non-
invasive methods, although an initial non-invasive approach
may be helpful in selecting patients in whom these procedures
are indicated with a certain level of urgency.

Hepatocellular carcinoma

To date, several cross-sectional studies [310-313] identified that
high LS value measured by TE is significantly associated with
the risk of presence of HCC (Table 8). However, these cross-sec-
tional studies only describe the ‘static’ phenomenon that
patients with HCC have high LS values than those without
HCC, not considering the ‘dynamic’ association between the pro-
gression or regression of liver fibrosis and the risk of future HCC
development. To overcome this limitation, several longitudinal
prospective studies [267,314-323] have recently been published
(Table 8).

A large prospective cohort study with chronic hepatitis C (866
patients) was conducted in Japan [317]. Along with age, male
gender, and clinical cirrhosis, stratified LS values were identified
as an independent risk factor for HCC development. Compared
with patients with LS values <10 kPa, patients with higher LS val-
ues were at significantly increased risk of developing HCC (LS val-
ues, 10.1-15 kPa, hazard ratio [HR], 16.7; LS values, 15.1-20 kPa,
HR, 20.9; LS values, 20.1-25 kPa, HR, 25.6; and LS values, >25 kPa,
HR, 45.5). In addition, the cumulative incidence rates of HCC
showed a stepwise increase according to the stratified LS values
(p <0.001 by the log-rank test). In addition, Jung et al. [316] fur-
ther validated the usefulness of TE in prediction of HCC develop-
ment in patients with chronic hepatitis B (n =1130). Compared
with patients with LS values <8 kPa, patients with higher LS val-
ues were at significantly increased risk of developing HCC (LS val-
ues, 8.1-13 kPa, HR, 3.07; LS values, 13.1-18 kPa, HR, 4.68; LS
values, 18.1-23 kPa, HR, 5.55; and LS values, >23 kPa, HR, 6.60).
Furthermore, changes in the risk of HCC development according
to the pattern of changes in the measured LS was also shown in
the study, suggesting a potential role for serial LS measurement
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as a dynamic monitoring tool for risk estimation of HCC
development in patients with chronic hepatitis B. All these results
implied that TE is useful in estimating the risk of HCC development
in patients with chronic liver disease across the etiology despite
different carcinogenetic mechanisms of HCV and HBV.

Based on the close relationship between TE and the risk of
HCC development, several studies have tried to develop and vali-
date LS-based prediction models for HCC development
[310,320,324]. Wong et al. [324] evaluated the accuracy of LS-
HCC score, refined from their previous CU-HCC score [325] in
1555 Asian patients with chronic hepatitis B. The AUROC of LS-
HCC score was higher than that of CU-HCC score in predicting
HCC development (0.83 vs. 0.75 at 3 year, 0.89 vs. 0.81 at 5 year).
More recently, Kim et al. [320] also introduced a predictive model
based on a Cox proportional hazards model using age, male gen-
der, LS value, and HBV DNA in patients with chronic hepatitis B.
This model showed good discrimination capability, with an
AUROC of 0.806 (95% CI 0.738-0.874) and AUROC remained lar-
gely unchanged between iterations, with an average value of
0.802 (95% C10.791-0.812). The predicted risk of HCC occurrence
calibrated well with the observed risk, with a correlation coeffi-
cient of 0.905 (p <0.001).

According to all the results regarding non-invasive markers, it
can be concluded that non-invasive methods are not merely an
alternative to biopsy for staging fibrosis, but also predictive of
the incidence of liver-related complications of liver fibrosis,
including HCC development. However, further studies focusing
on diverse etiologies of chronic liver disease, such as ALD or
NAFLD, are needed to expand the clinical prognostic usefulness
of non-invasive methods. In addition, optimal cut-off values with
respect to the different etiologies of chronic liver disease to assess
the risk of HCC development should be set up in subsequent lar-
ger longitudinal prospective studies. In spite of several lim-
itations, non-invasive methods to assess and monitor the risk of
HCC development will help physicians to establish optimum
treatment strategies. It should be further investigated whether
the accuracy of the surveillance strategy can be enhanced, if these
non-invasive methods are incorporated into the routine surveil-
lance strategy.

Recommendations

. Non-invasive tests cannot replace HVPG for a detailed
PH evaluation and upper Gl endoscopy for detecting
varices (A1)

. However, in settings where HVPG is not available, TE
could be considered to stratify the risk of CSPH (A2)

. Although TE could be useful to identify patients at risk
of developing HCC, more data are needed before it
can be integrated into an HCC surveillance program
(A1)

Determining prognosis

There is increasing evidence for the prognostic value of non-inva-
sive tests in patients with chronic liver diseases. Several recent
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studies have shown that in patients with chronic liver disease,
LS could also predict clinical decompensation as well as survival
[244,268,282,321,322,326,327,328]. For instance, Robic et al
[322] found that TE was as effective as HVPG in predicting clinical
decompensations in 100 patients with chronic liver disease with
a 2 year follow-up. Both HVPG >10 mmHg and LS >21.1 kPa had
100% NPV for portal-hypertensive complications. Similarly, in a
cohort of 128 Korean patients with active HBV cirrhosis, LS at a
cut-off of 19 kPa, had a hazard ratio of 7 for development of clini-
cal decompensation [321]. In a cohort of 1457 HCV patients, LS
values and FibroTest® had the highest 5 year predictive values
for predicting survival and liver-related death, which did not
change after adjustment for treatment response, patient age,
and estimates of necro-inflammatory grade [268]. Interestingly,
Corpechot et al. [244] have shown in 168 patients with PSC that,
not only those with high baseline but also those with increase in
LS values (>1.5 kPa/year) were at a very high risk (approximately
10 times the risk estimated in the other group) of death, liver
transplantation, or hepatic complications within a 4 year period.
In another study in 1025 patients with chronic hepatitis C, the
prognosis of patients with LS between 7 and 14 kPa on inclusion
was significantly impaired when an increase >1 kPa/year was
observed [263].

Finally, it has been recently suggested that SS could predict
the occurrence of complications [329]. Thus the potential of LS
values for predicting clinical outcomes seems to be greater than
that of liver biopsy, probably LS measures ongoing pathophysio-
logical processes and functions that a biopsy cannot.

Similarly, serum biomarkers such as FibroTest® [154,234,330],
ELF® [235,239], APRI and FIB-4 [222,331], as well as for models
based on standard laboratory tests [332,333] have been shown
to have prognostic value in various chronic liver diseases.

Recommendations

. There is increasing evidence for the prognostic value of
non-invasive tests, particularly LS measurement using
TE, in patients with cirrhosis (A1)

. Increase of LS values over time could be associated
with a worse prognosis in patients with fibrosis or
cirrhosis (A2)
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