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Abstract: The emergence of direct-acting antiviral (DAA) therapies
and noninvasive measures of liver fibrosis has streamlined the
management of patients with chronic hepatitis C virus (HCV) infec-
tion. DAA therapy is associated with a significantly higher rate of
sustained virologic response (SVR) compared to interferon-based
therapies. Concomitantly, validated noninvasive measures of
fibrosis allow evaluation of patients for therapy without an invasive
liver biopsy. Noninvasive measures of fibrosis can be classified as
serologic tests or imaging modalities. Several serologic tests have
shown robust reliability and clinical applicability. Similarly, imag-
ing modalities such as vibration-controlled transient elastography
and magnetic resonance elastography can be used to assess liver
stiffness and correlate with fibrosis. Combinations of serologic and
imaging tests further improve accuracy compared to an individual
modality. The availability of noninvasive fibrosis measures coupled
with high SVR rates has shifted the paradigm in the management
of HCV infection in the DAA era. Although these noninvasive tests
are valuable in evaluating hepatic fibrosis prior to HCV therapy,
use of these measures in monitoring fibrosis regression after HCV
eradication is currently limited. Furthermore, for patients with
pretreatment cirrhosis, the association between fibrosis regression
after successful therapy and the risk of hepatocellular carcinoma
(HCC) over time is unclear. There are no guidelines on long-term
fibrosis monitoring and HCC surveillance after SVR is achieved.
This article summarizes the current data on the applications of
noninvasive methods to measure hepatic fibrosis and portal hyper-
tension in HCV. In addition, a road map is provided for monitoring

patients with advanced fibrosis after HCV eradication.

he management of hepatitis C virus (HCV) infection has
undergone tremendous changes over the past several decades.
A positive impact has been made by the advent of direct-
acting antiviral (DAA) agents, which have a success rate of over 90%
in achieving sustained virologic response (SVR), or virologic cure,

including in patients with decompensated cirrhosis.* The availability
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Table 1. Characteristics of Noninvasive Serologic Tests for HCV Fibrosis

Noninvasive Test Formula/Components Public Availability

APRI score [AST (IU/L)/AST upper limit of normal (IU/L)]/platelet count Yes
(10°/L) x 100

FIB-4 index Age (years) x AST (IU/L)/platelet count (10°/L) x VALT (IU/L) Yes

FibroTest 0.-2 macroglobulin, haptoglobin, apolipoprotein-A, GGT, total No (patented formula)
bilirubin, age, and sex

FibroMeter AST, platelet count, prothrombin index, 0-2 macroglobulin, HA, No (patented formula)
urea, and age

HepaScore 0-2 macroglobulin, HA, GGT, total bilirubin, age, and sex No (patented formula)

ALT, alanine aminotransferase; APRI, AST-to-Platelet Ratio Index; AST, aspartate aminotransferase; FIB-4, Fibrosis-4; GGT, y-glutamyltransferase;

HA, hyaluronic acid; HCV, hepatitis C virus.

of noninvasive techniques to measure hepatic fibrosis
enables the identification of patients who are at high
risk of disease complications without subjecting them to
invasive diagnostic modalities such as liver biopsy. The
combination of these 2 scientific advances has produced
a more streamlined approach to managing patients with
chronic HCV infection.

There is evidence that patients who achieve SVR after
therapy have a reduced risk of liver-related complications,
such as liver failure and hepatocellular carcinoma (HCC).¢
This is likely attributed to the regression of fibrosis after
HCYV eradication.” However, patients who have pretreat-
ment cirrhosis or advanced fibrosis remain at a higher
risk of complications even after achieving SVR.®” Other
comorbidities, such as obesity, nonalcoholic steatohepa-
titis (NASH), diabetes mellitus, and alcohol abuse, may
also contribute to liver-related complications.5!°

In this era of highly effective DAA agents leading
to tremendous cure rates, identifying and monitoring
patients who remain at a high complication risk after
achieving SVR continues to be a critical issue. Several
validated methods for noninvasive measurement of
liver fibrosis can be used in the management of HCV
infection. The utility of these noninvasive modalities in
detecting fibrosis regression and predicting complication
risk after achieving SVR, however, is not well defined.
To address this gap in knowledge, this article summarizes
data on the current available noninvasive modalities and
discusses their applications in the management of indi-
viduals after successful HCV treatment.

Noninvasive Serologic Tests for Fibrosis

Several noninvasive serologic markers have been devel-
oped to determine the degree of liver fibrosis. The test
characteristics and cutoff values of these serologic markers
are illustrated in Tables 1 and 2, respectively. The Aspartate

Aminotransferase (AST)-to-Platelet Ratio Index (APRI)
score, which was originally proposed in 2003 by Wai and
colleagues,! is a validated measure. In one study, the base-
line APRI score predicted HCC development in noncir-
rhotic patients who achieved SVR (mean, 3.2+2.58 IU/L;
P=.04).3 The Fibrosis-4 (FIB-4) index is another validated
noninvasive serologic measure of fibrosis.'* In a recent
study of 113 patients, the APRI score and the FIB-4 index
correlated the stage of fibrosis with liver biopsies 5 years
after achieving SVR."? These scores were able to reliably
determine moderate to advanced fibrosis (Metavir score
F2-F4) and advanced fibrosis (F3-F4) on liver biopsy
(area under receiver operating characteristic [AUROC]
of >0.8 and accuracy of >70%) in posttreatment patients
with normalization of serum aminotransferase levels and
absence of hepatic inflammation.'?

Several other noninvasive serologic markers have not
yet been studied in patients who have achieved SVR but
have nonetheless proven to be reliable markers of fibrosis.
For example, the FibroTest (BioPredictive) is a patented
formula consisting of 5 different biomarkers and 2 clinical
variables, and provides a numerical value between 0 and
1."15 FibroTest can be used to characterize the severity
of liver disease, ranging from mild disease to cirrhosis, in
HCV patients.”” Similarly, FibroMeter (BioLiveScale) is
another patented formula, which actually performed bet-
ter in detecting significant fibrosis and cirrhosis compared
to the APRI score or FibroTest.!®!” HepaScore (Quest
Diagnostics) has also been validated in several studies'®*
and has proven to be slightly better for the detection of
cirrhosis compared to the APRI score and FibroTest.!”*

Noninvasive Nonserologic Modalities
for Fibrosis

The advent of liver stiffness measurement (LSM) has
led to the development of sophisticated methods for
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Table 2. Comparison of Noninvasive Tests for Detecting HCV Fibrosis

Noninvasive Test | Stage of Fibrosis | Cutoff | Sensitivity Specificity | NPV PPV Study
APRI score F3-F4 1.0 61% 64% 81% 40% Lin et al’*
F4 1.0 76% 72% 69% 55%
2.0 46% 91% 63% 82%
FIB-4 index F3-F4 <1.45 74.3% 80.1% 94.7% NA Vallet-Pichard
>3.25 37.6% 98.2% NA 82.1% etal”
FibroTest F3-F4 0.52 80% 82% 94% 55% Leroy et al’®
F4 0.63 74% 82% 96% 53%
FibroMeter F3-F4 0.72 90% 85% 97% 60% Leroy et al”®
F4 0.78 96% 78% 99% 42%
HepaScore F3-F4 0.47 79% 85% 95% 53% Leroy et al’®
F4 0.64 78% 82% 97% 34%
VCTE >F2 7.1 67% 89% 48% 95% Castéra et al*?
>F3 9.5 73% 91% 81% 87%
F4 12.5 87% 91% 95% 77%
MRE F3-F4 4.117 85% 85% NA NA Singh et al
F4 4.712 91% 81% NA NA

*Disease-specific cutoffs are still not available for this test.

APRI, AST-to-Platelet Ratio Index; AST, aspartate aminotransferase; FIB-4, Fibrosis-4; HCV, hepatitis C virus; MRE, magnetic resonance

elastography; NA, not available; NPV, negative predictive value; PPV, positive predictive value; VCTE, vibration-controlled transient elastography.

noninvasively detecting fibrosis. Technologies such as
vibration-controlled transient elastography (VCTE) or
magnetic resonance elastography (MRE) have revolution-
ized the monitoring of patients with liver disease in a
clinical setting. These technologies provide reliable ways
to measure fibrosis without a liver biopsy. A comparison
of these modalities and serologic tests is shown in Table 2.

Vibration-Controlled Transient Elastography
VCTE, often referred to as FibroScan (Echosens), has
made its way into the clinical setting of many different
centers throughout the United States and other coun-
tries. It is approved for use by the US Food and Drug
Administration and now serves as the standard of care in
many health centers. VCTE outperforms serologic tests
for the diagnosis of cirrhosis®; in addition, it has a short
procedure time, provides immediate results, and is easily
operated at the bedside.”* VCTE uses an ultrasound probe
that measures the shear velocity propagating through the
liver and expresses it as a volume, which is directly related
to the LSM.?” The units are measured in kilopascals (kPa)
and range from 2.6 kPa to 75.0 kPa, with a normal value
being approximately 5.0 kPa.?$-3

In 2005, Ziol and colleagues investigated VCTE in a
prospective study of 327 patients with HCV infection.”!
The study found VCTE to be very reliable for detecting
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severe fibrosis and cirrhosis.*’ This noninvasive technique
was further validated in several other subsequent stud-
ies”**3% and is now the most widely used noninvasive
measure of fibrosis. The cutoff value for limited fibrosis
(2F2) is 7.1 kPa (sensitivity, 67%; specificity, 89%;
negative predictive value [NPV], 48%; positive predictive
value [PPV], 95%), whereas the cutoff value for cirrhosis
(F4) is 12.5 kPa (sensitivity, 87%; specificity, 91%; NPV,
95%; PPV, 77%).>* A low score on VCTE most likely
rules out cirrhosis, but an elevated score must be inter-
preted in the clinical context.

The limitations of VCTE include the presence of
increased necroinflammatory activity and edema within
the liver, manifested as aminotransferase elevations. These
pathologic changes can falsely elevate the score and over-
estimate the degree of fibrosis.> Other factors that can
lead to inaccuracy include recent consumption of a meal,
obesity, waist circumference, thoracic fold thickness, asci-
tes, hepatic congestion, extrahepatic cholestasis, and the
distance between the skin and liver capsule.” However,
despite these limitations, VCTE is still a useful tool that
allows for a more streamlined approach to monitoring
fibrosis in patients during the management of HCV and
other liver diseases.”** VCTE also allows for a simpler
way to monitor patients after HCV eradication who have
baseline pretreatment advanced fibrosis or cirrhosis.
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Magnetic Resonance Elastography
MRE is emerging as an accurate method for cross-sectional
and longitudinal evaluation of fibrosis, and has been
validated in numerous randomized clinical trials.2¢3¢3°
This method utilizes a conventional magnetic resonance
imaging machine but applies shear wave frequency of 40
to 60 Hz with a device that delivers mechanical vibra-
tions during the scanning process.”” The main advantages
are the inclusion of the entire liver in the assessment of
fibrosis and the detection of concerning incidental liver
lesions (such as HCC), as well as the method’s accuracy
and reliability in patients with obesity or ascites. A recent
cross-sectional study of 104 patients with biopsy-proven
nonalcoholic fatty liver disease (NAFLD) examined the
performance of MRE vs VCTE. When compared to
liver biopsy, MRE had an AUROC for detection of any
fibrosis (stage 1 or more) of 0.82, compared to 0.67 with
VCTE.“ In another study, MRE was compared to several
clinical prediction tools (AST/alanine aminotransferase
ratio, APRI score, BARD score, FIB-4 index, NAFLD
fibrosis score, Bonacini cirrhosis discriminant score, Lok
index, and NASH Clinical Research Network model) for
the diagnosis of advanced fibrosis (determined on liver
biopsy as stage 3-4), and was shown to have greater accu-
racy. (The AUROC of 2-dimensional MRE was 0.96.%")
The limitations of MRE include cost, availability,
and the need for advanced radiographic imaging capa-
bilities at a specialized imaging center. MRE’s use is also
limited in patients with iron overload disorders, claustro-
phobia, or pregnancy.® Specific MRE fibrosis cutoffs are
well studied in patients with NAFLD and NASH, but
less established in patients with viral hepatitis. A recent
meta-analysis devised a cutoff for each stage of fibrosis in
697 patients with chronic liver diseases across 12 studies,
with diagnosis of any fibrosis starting at 3.45 kPa with
73% sensitivity and 79% specificity, and cirrhosis at 4.71
kPa with 91% sensitivity and 81% specificity.”

Application of Noninvasive Technology
for Fibrosis

Prediction of Fibrosis
A streamlined approach for noninvasive prediction of
fibrosis in the clinical setting is important. VCTE is a
commonly used, noninvasive method of fibrosis measure-
ment. It has revolutionized the diagnostic algorithm in
liver disease. Its largest impact has been on patients with
HCYV infection, as their level of fibrosis influences treat-
ment strategy. However, VCTE still has disadvantages
and limited accuracy in detecting moderate fibrosis.

The combining of individual tests is gaining in
popularity and is commonly done in a clinical practice
scenario in order to better predict fibrosis and avoid liver

biopsy.* In a study of 180 HCV-infected patients, Leroy
and colleagues evaluated 6 different noninvasive scores
and found that the combination of the APRI score
and FibroTest could rule out significant fibrosis with a
NPV of 94.1% for concordant results below the lower
cutoff values (APRI score <0.5 and FibroTest <0.22).%
The PPV for significant fibrosis and severe fibrosis was
96.7% and 92.2%, respectively, for concordant results
above the upper cutoff (APRI score >2 and FibroTest
>0.59).% Another study evaluated the combination of
the APRI score with FibroTest in 2035 HCV-infected
patients, and identified cirrhosis with 92% accuracy and
reduced the need for liver biopsy in 81.5% of patients.*
Hence, liver fibrosis can be reliably predicted noninva-
sively by simple blood tests without advanced techniques
such as VCTE or MRE. The combination of VCTE with
FibroTest had 95.7% accuracy in detecting cirrhosis and
reduced the need for liver biopsy in 78.8% of patients.®
In a study of 1785 patients with HCV using a combina-
tion of VCTE with FibroMeter, Boursier and colleagues
were able to accurately classify fibrosis and obviate the
need for liver biopsy in 86.7% of patients.“ Noninvasive
strategies for measuring fibrosis will continue to evolve
as the accuracies of individual and combination tests
improve. Studies evaluating combination test strategies
after HCV eradication are lacking.

A newer way to noninvasively measure fibrosis uses
shear wave technology. LSM using shear wave elastogra-
phy (SWE) reported higher stiffness among treatment-
naive patients compared to those who had achieved
SVR.# In this study, the shear wave propagation velocity
was 1.2320.14 m/s in the healthy control group (n=58),
1.56+0.32 m/s in the group that achieved SVR (n=51),
and 1.69+0.31 m/s in the treatment-naive group (n=85).
Significant differences were observed between the control
group and the group that achieved SVR and between the
group that achieved SVR and the treatment-naive group.?”’
However, the results for SWE are still preliminary and
early for clinical application.

Prediction of Portal Hypertension

Portal hypertension can result in liver-related complica-
tions and has important prognostic implications. Clini-
cally significant portal hypertension (CSPH) is associated
with the development of esophageal varices, ascites,
hepatorenal syndrome, spontaneous bacterial peritoni-
tis, and hepatic encephalopathy.®# It is recommended
that patients with CSPH should undergo endoscopic
surveillance for esophageal varices.”” Monitoring portal
hypertension once diagnosed is important, as its progres-
sion or improvement determines disease prognosis.*
Measuring the hepatic venous pressure gradient (HVPG)
is the standard method for detecting the severity of portal
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hypertension, but is invasive and costly. Accurate non-
invasive methods for measuring portal hypertension are
desirable.

Several noninvasive strategies to measure portal
hypertension have been explored. Biochemical and mor-
phologic tests—including platelet count/spleen diameter
ratio, a biochemical combination test (AST, albumin,
and international normalized ratio), and a combination
of the Lok index with the Forns index—have a role in
the assessment of portal hypertension; however, they do
not estimate the degree of portal hypertension.”* These
tools may be used as first-line tests in the evaluation of
portal hypertension, but do not replace the need for
upper endoscopy.”*® Doppler ultrasonography can be
useful for identifying features of portal hypertension (eg,
collateral vessels, splenomegaly), but cannot be used alone
to determine prognosis.

LSM by transient elastography has correlated with
HVPG measurements in detecting CSPH in a number
of reports.””*® In one study, the AUROC for detecting
CSPH by transient elastography was 0.945 (95% CI,
0.904-0.987).%” Transient elastography accurately pre-
dicted CSPH in 92% of patients using a cutoff value of
21.0 kPa.” The results were encouraging, but LSM did
not identify 100% of the cases detected by HVPG. Mea-
surement of spleen stiffness using transient elastography
has also been evaluated and was found to correlate with
HVPG portal measurements.”® However, reports on
this method show conflicting results.®"¢2

Combination tests can be used to increase the accu-
racy of portal pressure determination. For example, the
portal hypertension risk score, which combines LSM, sex,
and spleen diameter/platelet count ratio, had yielded an
AUROC of 0.935 for identifying CSPH compared to
LSM or LSM-spleen diameter to platelet ratio score.®®
The recent Baveno VI Consensus states that upper endos-
copy can safely be avoided in patients who have a LSM of
less than 20.0 kPa on FibroScan and a platelet count of
more than 150,000.” These criteria have been partially
validated but require larger clinical trials before routine
implementation is possible.

Reversing the Natural History
of Hepatitis C Virus

Improved understanding of the HCV genome has led to
the development of novel therapeutic targets. Treatment
of HCV has evolved from unsatisfactory interferon- and
ribavirin-based therapies with only 54% to 56% cure
rates and numerous side effects®® to highly effective and
well-tolerated DAA therapies with cure rates of more than
90%.%6¢” These new oral treatment regimens have led to
the reduction of HCV-related complications and have

reversed the natural history of HCV in a significantly
higher proportion of patients compared to interferon-

based therapy.

Regression of Fibrosis
Patients at the highest risk of liver-related complications
and HCC after HCV eradication are those with advanced
fibrosis and cirrhosis.® In a systematic review and meta-
analysis of 33,000 HCV-infected patients treated with
interferon with or without ribavirin, the risk of develop-
ing HCC at 5 years after achieving SVR was 2.9% in the
general cohort, 5.3% in those with cirrhosis, and 0.9%
among those with HCV/HIV coinfection.® Five-year
mortality was 1.98% in the general cohort, 4.9% among
cirthotic patients, and 1.49% in patients with HCV/
HIV coinfection.® In a long-term follow-up study of 642
patients in Taiwan treated with interferon-based therapy,
the 5-year risk of HCC in cirrhotic patients was 22.6%
compared to 3.2% in those without cirrhosis.®

The correlation of fibrosis regression and HCC risk
after HCV eradication remains controversial, as it requires
long-term follow-up studies. There is evidence that rever-
sal of cirrhosis after SVR is associated with an absence
of liver-related complications,®® but fibrosis regression
after achieving SVR is variable.” In fact, progression of
fibrosis has been noted in some cases.” In a study of 97
patients with SVR at a mean of 5.8 years after treatment,
the stage of liver fibrosis measured by biopsy had regressed
in 44 patients (45%), progressed in 6 patients (6%), and
remained stable in 47 patients (48%).” The incidence of
HCC was noted to be significantly higher in patients with
progressive fibrosis, compared to those with regression or
stability of fibrosis after achieving SVR (33% vs 4% at 5
years; P<.001).” The regression of fibrosis appears to be a
slow process. In one study, the mean regression of fibrosis
after a median of 3.7 years was -0.28+0.03 units/year.®”
The noninvasive modalities discussed are valuable tools
to study hepatic fibrosis in long-term studies following
successful HCV eradication, especially in the era of DAA
therapy.

Regression of Portal Hypertension

There are emerging data showing the improvement of por-
tal hypertension after achieving SVR in HCV patients. In
one study, there was a significant reduction in the follow-
up HVPG measurements across all baseline HVPG mea-
sures in patients who achieved SVR with interferon-free
regimens: 6 to 9 mm Hg (baseline, 7.37+0.28 mm Hg
vs follow-up, 5.11+0.38 mm Hg; -2.26+0.42 mm Hg;
P<.001), 10 to 15 mm Hg (baseline, 12.2+0.4 mm Hg
vs follow-up, 8.91+0.62 mm Hg; -3.29+0.59 mm Hg;
P<.001), and at least 16 mm Hg (baseline, 19.4+0.73 mm
Hg vs follow-up, 17.1+1.21 mm Hg; -2.3+0.89 mm Hg;
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SVR achieved
after HCV therapy

Low risk:

Pretreatment
Stage 0-1 fibrosis
No concomitant liver
disease

Can be monitored by
PCP. Consider
noninvasive fibrosis
measurement prior to

Moderate risk:

Pretreatment
Stage 2 fibrosis or concomitant
liver disease®

Annual noninvasive fibrosis
evaluation: VCTE or MRE®

High risk:
Pretreatment

Stage 3 fibrosis
or cirrhosis

Ultrasound every
6 months and EGD
every 2-3 years

discharge.

liver disease.

Limited fibrosis

Treat and monitor concomitant

Continue regular follow-up.

Advanced fibrosis
or cirrhosis

Figure. A proposed algorithm for monitoring patients who have achieved SVR after HCV treatment.

*Concomitant liver disease includes, but is not limited to, nonalcoholic fatty liver disease, alcoholic liver disease, and autoimmune liver disease.
Consider use of serologic markers (eg, AST-to-Platelet Ratio Index, Fibrosis-4 index) if VCTE and MRE are not available.

AST, aspartate aminotransferase; EGD, esophagogastroduodenoscopy; HCV, hepatitis C virus; MRE, magnetic resonance elastography; PCP,

primary care physician; SVR, sustained virologic response; VCTE, vibration-controlled transient elastography.

P=.018).7° Patients with Child-Pugh class B cirrhosis
were less likely to have a decrease in HVPG (hazard
ratio, 0.103; 95% CI, 0.02-0.514; P=.006) compared to
patients with Child-Pugh class A cirrhosis, indicating less
portal pressure reduction in those with more advanced
liver disease.”” LSM in combination with serologic mark-
ers is an ideal modality to further evaluate the relationship
between SVR and improvement of portal hypertension
and clinical outcomes.

Comorbid Conditions That Affect Fibrosis

Regression in Sustained Virologic Response

The evaluation and treatment of other comorbid
conditions in the context of HCV management is
important. NASH has been associated with more severe
fibrosis on liver biopsy in patients with HCV infection.”

It is possible that NAFLD may cause progression
of liver fibrosis in patients who have achieved SVR.
Further data are needed for confirmation. An elevated
Y-glutamyltransferase level, which is a surrogate marker
for fatty liver, insulin resistance, and oxidative stress,
was associated with the development of HCC in
noncirrhotic patients.® Similarly, type 2 diabetes mellitus
was associated with HCC occurrence in noncirrhotic
patients after achieving SVR.® Excess body mass index
and recurrent alcoholism have also been observed to be
associated with worsening liver disease and liver-related
outcomes.”!® Lastly, a consideration of a heterozygous
state (particularly MZ phenotype) for 0-1 antitrypsin
deficiency should be made in patients with progressive
fibrosis despite achieving SVR.”? These data underline
the importance of a comprehensive approach to
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management of liver disease even after achieving SVR
for HCV infection.

Discussion

The management of HCV infection has dramatically
changed. The advent of DAA agents has led to cure rates
of more than 90% in patients who are infected with the
virus.”> These high cure rates, along with the develop-
ment of several reliable noninvasive measures of fibrosis,
have provided clinicians the ability to identify and pri-
oritize a higher number of patients for therapy. The focus
of HCV management is undergoing a paradigm shift as
the number of HCV-infected patients achieving SVR
increases. Achieving SVR is associated with a lower risk
of liver-related complications, such as liver failure and
HCC. However, patients with advanced hepatic fibrosis
and comorbid conditions continue to be at high risk of
disease complications and require continued monitoring
after successful therapy.”

The European Association for the Study of the Liver
recommends indefinite screening for HCC in patients
who have achieved SVR and have advanced fibrosis
or cirrhosis.”? Subjecting patients to liver biopsy after
HCV eradication is not warranted. Despite the avail-
ability of a number of different noninvasive modalities,
a truly validated surveillance approach in patients who
have achieved SVR has not yet been determined. After
HCV eradication, the degree of fibrosis regression var-
ies, and liver-related complications remain in some
patients despite having achieved SVR.” Based on the
current evidence and experience, we propose an algo-
rithm for patient management after successful HCV
therapy (Figure). Primary care physicians could follow
patients with mild hepatic fibrosis who have no other
Patients with advanced
fibrosis or cirrhosis should continue to be monitored by

liver-related comorbidities.

liver specialists regularly with abdominal imaging every
6 months for HCC surveillance, annual noninvasive
fibrosis measurement, and upper endoscopy every 2 to
3 years for variceal screening. In addition, patients with
moderate fibrosis or other liver-related comorbidities
should undergo noninvasive fibrosis evaluation annually
after successful HCV therapy. If the fibrosis regresses,
their management should focus on treating the underly-
ing liver disease. If patients develop advanced fibrosis
or cirrhosis, then they should undergo routine HCC
and variceal surveillance. VCTE or MRE is preferred
for monitoring fibrosis. Noninvasive serologic markers,
however, can be used if VCTE or MRE is unavailable.
Given the limited guideline on the long-term care of
patients who have achieved HCV eradication with
effective antiviral therapy, a cautious approach should

be maintained by the treating clinician when managing
these patients.

Summary

The advent of DAA therapy has dramatically increased
the rate of HCV eradication even for patients with
significant liver disease. Patients with advanced fibrosis
or cirrhosis, however, continue to be at increased risk
of liver-related complications and should be monitored
regularly after achieving SVR.®”> Management after
successful therapy among those with moderate fibrosis
remains unclear, and a cautious approach is necessary.
The availability of validated noninvasive measures of
fibrosis has obviated the need for liver biopsy for the
majority of patients with chronic HCV infection prior
to therapy. These noninvasive modalities are attrac-
tive tools for long-term monitoring of hepatic fibrosis
after successful HCV therapy, in particular for patients
who remain at risk for liver complications. Ongoing
research and long-term follow-up studies are essential
to determine the prognosis and management strategies
of patients with chronic HCV infection after achieving
treatment-induced viral eradication.

The authors have no relevant conflicts of interest to disclose.

References

1. Terrault NA, Zeuzem S, Di Bisceglic AM, et al; HCV-TARGET Study Group.
Effectiveness of ledipasvir-sofosbuvir combination in patients with hepatitis C
virus infection and factors associated with sustained virologic response. Gastroen-
terology. 2016;151(6):1131-1140.¢5.

2. Dore GJ, Conway B, Luo Y, et al. Efficacy and safety of ombitasvir/paritaprevir/r
and dasabuvir compared to IFN-containing regimens in genotype 1 HCV patients:
the MALACHITE-I/II trials. / Hepatol. 2016;64(1):19-28.

3. Everson GT, Towner WJ, Davis MN, et al. Sofosbuvir with velpatasvir in treat-
ment-naive noncirrhotic patients with genotype 1 to 6 hepatitis C virus infection:
a randomized trial. Ann Intern Med. 2015;163(11):818-826.

4. Curry MP, O’Leary JG, Bzowej N, et al; ASTRAL-4 Investigators. Sofosbuvir
and velpatasvir for HCV in patients with decompensated cirrhosis. NV Engl | Med.
2015;373(27):2618-2628.

5. Sperl J, Horvath G, Halota W, et al. Efficacy and safety of elbasvir/grazoprevir
and sofosbuvir/pegylated interferon/ribavirin: a phase III randomized controlled
trial. / Hepatol. 2016;65(6):1112-1119.

6. Simmons B, Saleem J, Heath K, Cooke GS, Hill A. Long-term treatment out-
comes of patients infected with hepatitis C virus: a systematic review and meta-
analysis of the survival benefit of achieving a sustained virological response. Clin
Infect Dis. 2015;61(5):730-740.

7. Tachi Y, Hirai T, Miyata A, et al. Progressive fibrosis significantly correlates with
hepatocellular carcinoma in patients with a sustained virological response. Hepatol
Res. 2015;45(2):238-246.

8. Huang CFE, Yeh ML, Tsai PC, et al. Baseline gamma-glutamyl transferase levels
strongly correlate with hepatocellular carcinoma development in non-cirrhotic
patients with successful hepatitis C virus eradication. / Hepatol. 2014;61(1):67-74.
9. Wiese M, Fischer J, Lébermann M, et al; East German HCV Study Group.
Evaluation of liver disease progression in the German hepatitis C virus (1b)-con-
taminated anti-D cohort at 35 years after infection. Hepatology. 2014;59(1):49-57.
10. Innes HA, Hutchinson SJ, Allen S, et al; Hepatitis C Clinical Database Moni-
toring Committee. Excess liver-related morbidity of chronic hepatitis C patients,
who achieve a sustained viral response, and are discharged from care. Hepatology.

Gastroenterology & Hepatology Volume 13, Issue 10 October 2017 593



TRIVEDI ET AL

2011;54(5):1547-1558.

11. Wai CT, Greenson JK, Fontana R]J, et al. A simple noninvasive index can
predict both significant fibrosis and cirrhosis in patients with chronic hepatitis C.
Hepatology. 2003;38(2):518-526.

12. Sterling RK, Lissen E, Clumeck N, et al; APRICOT Clinical Investigators.
Development of a simple noninvasive index to predict significant fibrosis in
patients with HIV/HCV coinfection. Hepatology. 2006;43(6):1317-1325.

13. Tachi Y, Hirai T, Toyoda H, et al. Predictive ability of laboratory indices for
liver fibrosis in patients with chronic hepatitis C after the eradication of hepatitis
C virus. PLoS One. 2015;10(7):e0133515.

14. Coppola N, Pisaturo M, Zampino R, Macera M, Sagnelli C, Sagnelli E. Hepa-
titis C virus markers in infection by hepatitis C virus: in the era of directly acting
antivirals. World ] Gastroenterol. 2015;21(38):10749-10759.

15. Poynard T, Morra R, Halfon P, et al. Meta-analyses of FibroTest diagnostic
value in chronic liver disease. BMC Gastroenterol. 2007;7:40.

16. Zarski JB, Sturm N, Guechot J, et al; ANRS HCEP 23 Fibrostar Group. Com-
parison of nine blood tests and transient elastography for liver fibrosis in chronic
hepatitis C: the ANRS HCEP-23 study. / Hepatol. 2012;56(1):55-62.

17. Chou R, Wasson N. Blood tests to diagnose fibrosis or cirrhosis in patients
with chronic hepatitis C virus infection: a systematic review. Ann Intern Med.
2013;158(11):807-820.

18. Kalantari H, Hoseini H, Babak A, Yaran M. Validation of hepascore as a pre-
dictor of liver fibrosis in patients with chronic hepatitis C infection. Hepat Res
Treat. 2011;2011:972759.

19. Boursier J, de Ledinghen V, Zarski JB, et al. A new combination of blood test
and fibroscan for accurate non-invasive diagnosis of liver fibrosis stages in chronic
hepatitis C. Am ] Gastroenterol. 2011;106(7):1255-1263.

20. Guechot J, Lasnier E, Sturm N, Paris A, Zarski JP. Automation of the Hep-
ascore and validation as a biochemical index of liver fibrosis in patients with
chronic hepatitis C from the ANRS HC EP 23 Fibrostar cohort. Clin Chim Acta.
2010;411(1-2):86-91.

21. Becker L, Salameh W, Sferruzza A, et al. Validation of hepascore, compared
with simple indices of fibrosis, in patients with chronic hepatitis C virus infection
in United States. Clin Gastroenterol Hepatol. 2009;7(6):696-701.

22. Bourliere M, Penaranda G, Ouzan D, et al. Optimized stepwise combination
algorithms of non-invasive liver fibrosis scores including Hepascore in hepatitis C
virus patients. Aliment Pharmacol Ther. 2008;28(4):458-467.

23. Leroy V, Hilleret MN, Sturm N, et al. Prospective comparison of six non-
invasive scores for the diagnosis of liver fibrosis in chronic hepatitis C. J Hepatol.
2007;46(5):775-782.

24. Schiavon LdL, Narciso-Schiavon JL, de Carvalho-Filho R]. Non-inva-
sive diagnosis of liver fibrosis in chronic hepatitis C. World | Gastroenterol.
2014;20(11):2854-2866.

25. Degos E Perez P, Roche B, et al; FIBROSTIC study group. Diagnostic accu-
racy of FibroScan and comparison to liver fibrosis biomarkers in chronic viral
hepatitis: a multicenter prospective study (the FIBROSTIC study). J Hepatol.
2010;53(6):1013-1021.

26. Castera L. Noninvasive methods to assess liver disease in patients with hepatitis
B or C. Gastroenterology. 2012;142(6):1293-1302.¢4.

27. Sandrin L, Fourquet B, Hasquenoph JM, et al. Transient elastography: a
new noninvasive method for assessment of hepatic fibrosis. Ultrasound Med Biol.
2003;29(12):1705-1713.

28. Roulot D, Czernichow S, Le Clésiau H, Costes JL, Vergnaud AC, Beaugrand
M. Liver stiffness values in apparently healthy subjects: influence of gender and
metabolic syndrome. J Hepatol. 2008;48(4):606-613.

29. Kim SU, Choi GH, Han WK, et al. What are ‘true normal’ liver stiffness values
using FibroScan?: a prospective study in healthy living liver and kidney donors in
South Korea. Liver Int. 2010;30(2):268-274.

30. Colombo S, Belloli L, Zaccanelli M, et al. Normal liver stiffness and its deter-
minants in healthy blood donors. Dig Liver Dis. 2011;43(3):231-236.

31. Ziol M, Handra-Luca A, Kettaneh A, et al. Noninvasive assessment of liver
fibrosis by measurement of stiffness in patients with chronic hepatitis C. Hepatol-
0gy. 2005;41(1):48-54.

32. Castéra L, Vergniol J, Foucher J, et al. Prospective comparison of transient
elastography, Fibrotest, APRI, and liver biopsy for the assessment of fibrosis in
chronic hepatitis C. Gastroenterology. 2005;128(2):343-350.

33. Gara N, Zhao X, Kleiner DE, Liang TJ, Hoofnagle JH, Ghany MG. Discor-
dance among transient elastography, aspartate aminotransferase to platelet ratio
index, and histologic assessments of liver fibrosis in patients with chronic hepatitis
C. Clin Gastroenterol Hepatol. 2013;11(3):303-308.e301.

34. Malik R, Lai M, Sadiq A, et al. Comparison of transient elastography, serum

markers and clinical signs for the diagnosis of compensated cirrhosis. J Gastroen-
terol Hepatol. 2010;25(9):1562-1568.

35. Tapper EB, Cohen EB, Patel K, et al. Levels of alanine aminotransferase con-
found use of transient elastography to diagnose fibrosis in patients with chronic
hepatitis C virus infection. Clin Gastroenterol Hepatol. 2012;10(8):932-937.¢931.
36. Loomba R, Cui J, Wolfson T, et al. Novel 3D magnetic resonance elastography
for the noninvasive diagnosis of advanced fibrosis in NAFLD: a prospective study.
Am ] Gastroenterol. 2016;111(7):986-994.

37. Loomba R, Wolfson T, Ang B, et al. Magnetic resonance elastography predicts
advanced fibrosis in patients with nonalcoholic fatty liver disease: a prospective
study. Hepatology. 2014;60(6):1920-1928.

38. Loomba R, Schork N, Chen CH, et al; Genetics of NAFLD in Twins Con-
sortium. Heritability of hepatic fibrosis and steatosis based on a prospective twin
study. Gastroenterology. 2015;149(7):1784-1793.

39. Dulai PS, Sirlin CB, Loomba R. MRI and MRE for non-invasive quantitative
assessment of hepatic steatosis and fibrosis in NAFLD and NASH: clinical trials to
clinical practice. / Hepatol. 2016;65(5):1006-1016.

40. Park CC, Nguyen P, Hernandez C, et al. Magnetic resonance elastography vs
transient elastography in detection of fibrosis and noninvasive measurement of
steatosis in patients with biopsy-proven nonalcoholic fatty liver disease. Gastroen-
terology. 2017;152(3):598-607.¢2.

41. Cui J, Ang B, Haufe W, et al. Comparative diagnostic accuracy of magnetic
resonance elastography vs. eight clinical prediction rules for non-invasive diagnosis
of advanced fibrosis in biopsy-proven non-alcoholic fatty liver disease: a prospec-
tive study. Aliment Pharmacol Ther. 2015;41(12):1271-1280.

42. Singh S, Venkatesh SK, Wang Z, et al. Diagnostic performance of magnetic
resonance elastography in staging liver fibrosis: a systematic review and meta-
analysis of individual participant data. Clin Gastroenterol Hepatol. 2015;13(3):440-
451.e446.

43. Trivedi HD, Lai M. Editorial: combining elastography with blood test for fibro-
sis assessment in chronic hepatitis C. Aliment Pharmacol Ther. 2017;45(9):1275-
1276.

44. Sebastiani G, Halfon D, Castera L, et al. SAFE biopsy: a validated method
for large-scale staging of liver fibrosis in chronic hepatitis C. Hepatology.
2009:49(6):1821-1827.

45. Castéra L, Sebastiani G, Le Bail B, de Lédinghen V, Couzigou B, Alberti A.
Prospective comparison of two algorithms combining non-invasive methods for
staging liver fibrosis in chronic hepatitis C. J Hepatol. 2010;52(2):191-198.

46. Boursier J, de Ledinghen V, Zarski JB, et al; multicentric groups from SNIFF
32, VINDIAG 7, and ANRS/HC/EP23 FIBROSTAR studies. Comparison of
eight diagnostic algorithms for liver fibrosis in hepatitis C: new algorithms are
more precise and entirely noninvasive. Hepatology. 2012;55(1):58-67.

47. Suda T, Okawa O, Masaoka R, et al. Shear wave elastography in hepatitis C
patients before and after antiviral therapy. World ] Hepatol. 2017;9(1):64-68.

48. Castéra L, Garcfa-Tsao G. When the spleen gets tough, the varices get going.
Gastroenterology. 2013;144(1):19-22.

49. de Franchis R; Baveno VI faculty. Expanding consensus in portal hypertension:
report of the Baveno VI Consensus Workshop: stratifying risk and individualizing
care for portal hypertension. J Hepatol. 2015;63(3):743-752.

50. Merkel C, Bolognesi M, Berzigotti A, et al. Clinical significance of worsening
portal hypertension during long-term medical treatment in patients with cirrhosis
who had been classified as early good-responders on haemodynamic criteria. /
Hepatol. 2010;52(1):45-53.

51. Giannini E, Botta F, Borro P, et al. Platelet count/spleen diameter ratio:
proposal and validation of a non-invasive parameter to predict the presence of
oesophageal varices in patients with liver cirrhosis. Guz. 2003;52(8):1200-1205.
52. Giannini EG, Zaman A, Kreil A, et al. Platelet count/spleen diameter ratio for
the noninvasive diagnosis of esophageal varices: results of a multicenter, prospec-
tive, validation study. Am J Gastroenterol. 2006;101(11):2511-2519.

53. Berzigotti A, Gilabert R, Abraldes JG, et al. Noninvasive prediction of clini-
cally significant portal hypertension and esophageal varices in patients with com-
pensated liver cirrhosis. Am J Gastroenterol. 2008;103(5):1159-1167.

54. Sebastiani G, Tempesta D, Fattovich G, et al. Prediction of oesophageal varices
in hepatic cirrhosis by simple serum non-invasive markers: results of a multicenter,
large-scale study. J Hepatol. 2010;53(4):630-638.

55. Augustin S, Milldn L, Gonzdlez A, et al. Detection of early portal hypertension
with routine data and liver stiffness in patients with asymptomatic liver disease: a
prospective study. / Hepatol. 2014;60(3):561-569.

56. Castera L, Pinzani M, Bosch J. Non invasive evaluation of portal hypertension
using transient elastography. J Hepatol. 2012;56(3):696-703.

57. Bureau C, Metivier S, Peron JM, et al. Transient elastography accurately

594 Gastroenterology & Hepatology Volume 13, Issue 10 October 2017



NONINVASIVE ASSESSMENT OF FIBROSIS REGRESSION

predicts presence of significant portal hypertension in patients with chronic liver
disease. Aliment Pharmacol Ther. 2008;27(12):1261-1268.

58. Lemoine M, Katsahian S, Ziol M, et al. Liver stiffness measurement as a
predictive tool of clinically significant portal hypertension in patients with com-
pensated hepatitis C virus or alcohol-related cirrhosis. Aliment Pharmacol Ther.
2008;28(9):1102-1110.

59. Colecchia A, Montrone L, Scaioli E, et al. Measurement of spleen stiffness
to evaluate portal hypertension and the presence of esophageal varices in patients
with HCV-related cirrhosis. Gastroenterology. 2012;143(3):646-654.

60. Colecchia A, Colli A, Casazza G, et al. Spleen stiffness measurement can pre-
dict clinical complications in compensated HCV-related cirrhosis: a prospective
study. J Hepatol. 2014;60(6):1158-1164.

61. Elkrief L, Rautou PE, Ronot M, et al. Prospective comparison of spleen and
liver stiffness by using shear-wave and transient elastography for detection of portal
hypertension in cirrhosis. Radiology. 2015;275(2):589-598.

62. Bolognesi M, Di Pascoli M, Sacerdoti D. Clinical role of non-invasive assess-
ment of portal hypertension. World ] Gastroenterol. 2017;23(1):1-10.

63. Berzigotti A, Seijo S, Arena U, et al. Elastography, spleen size, and platelet
count identify portal hypertension in patients with compensated cirrhosis. Gastro-
enterology. 2013;144(1):102-111.el.

64. Fried MW, Shiffman ML, Reddy KR, et al. Peginterferon alfa-2a plus ribavirin
for chronic hepatitis C virus infection. N Engl ] Med. 2002;347(13):975-982.

65. Manns MP, McHutchison JG, Gordon SC, et al. Peginterferon alfa-2b plus
ribavirin compared with interferon alfa-2b plus ribavirin for initial treatment of
chronic hepatitis C: a randomised trial. Lancet. 2001;358(9286):958-965.

66. Afdhal N, Reddy KR, Nelson DR, et al; ION-2 Investigators. Ledipasvir
and sofosbuvir for previously treated HCV genotype 1 infection. N Engl ] Med.
2014;370(16):1483-1493.

67. Foster GR, Afdhal N, Roberts SK, et al; ASTRAL-2 Investigators; ASTRAL-3
Investigators. Sofosbuvir and velpatasvir for HCV genotype 2 and 3 infection. N
Engl ] Med. 2015;373(27):2608-2617.

68. Mallet V, Gilgenkrantz H, Serpaggi J, et al. Brief communication: the relation-
ship of regression of cirrhosis to outcome in chronic hepatitis C. Ann Intern Med.
2008;149(6):399-403.

69. Shiratori Y, Imazeki F, Moriyama M, et al. Histologic improvement of fibrosis
in patients with hepatitis C who have sustained response to interferon therapy. Ann
Intern Med. 2000;132(7):517-524.

70. Mandorfer M, Kozbial K, Schwabl B, et al. Sustained virologic response to
interferon-free therapies ameliorates HCV-induced portal hypertension. J Hepatol.
2016;65(4):692-699.

71. Bedossa P, Moucari R, Chelbi E, et al. Evidence for a role of nonalcoholic ste-
atohepatitis in hepatitis C: a prospective study. Hepatology. 2007;46(2):380-387.
72. Nelson DR, Teckman J, Di Bisceglie AM, Brenner DA. Diagnosis and man-
agement of patients with alphal-antitrypsin (A1AT) deficiency. Clin Gastroenterol
Hepatol. 2012;10(6):575-580.

73. European Association for the Study of the Liver. EASL recommendations on
treatment of hepatitis C. J Hepatol. 2015;63(1):199-236.

74. Lin ZH, Xin YN, Dong QJ, et al. Performance of the aspartate aminotransfer-
ase-to-platelet ratio index for the staging of hepatitis C-related fibrosis: an updated
meta-analysis. Hepatology. 2011;53(3):726-736.

75. Vallet-Pichard A, Mallet V, Nalpas B, et al. FIB-4: an inexpensive and accurate
marker of fibrosis in HCV infection. Comparison with liver biopsy and fibrotest.
Hepatology. 2007;46(1):32-36.

76. Leroy V, Sturm N, Faure P, et al. Prospective evaluation of FibroTest®, FibroM-
eter’, and HepaScore® for staging liver fibrosis in chronic hepatitis B: comparison
with hepatitis C. J Hepatol. 2014;61(1):28-34.

Gastroenterology & Hepatology Volume 13, Issue 10 October 2017 595



