
Chronic hepatitis C virus (HCV) infec-
tion is a major cause of liver disease 

worldwide [1]. Although it is now eclipsed 
by metabolic-associated fatty liver disease, 
it is still the second cause for liver trans-
plantation in the United States. Initially 
asymptomatic in most cases, it may prog-
ress to cirrhosis. Its complications include 
hepatocellular carcinoma [2]. Chronic 
HCV is a disease of the baby boomers 
(who received blood products prior to the 
discovery of HCV in 1989), intravenous 
drug abusers, and healthcare personal who 
receive needle stick injuries [3].

Treatment of chronic HCV has under-
gone a revolution. Initial treatment with 
interferon and subsequently pegylated in-
terferon with ribavirin was successful in 
only a minority of patients and was lim-
ited by severe side effects. Current treat-
ment of chronic HCV hepatitis consists 
of direct-acting antivirals (DAAs). These 
include pan-genotypic treatments with a 
success rate, measured by sustained viral 
response, (SVR), of greater than 95%. 
The World Health Organization has de-
clared a goal for global HCV eradication 
by 2030 [4]. Treatment guidelines for 
chronic HCV hepatitis make a distinction 
between patients with advanced fibrosis 
and those with lesser degrees of fibrosis. 
For those with advanced fibrosis, contin-
ued follow-up after successful viral erad-
ication is recommended with screening 
for hepatocellular carcinoma [5].

Fibrosis can regress in both animal 
models and in humans. However, the de-

tails of fibrosis in HCV patients achieving 
SVR are not well-defined [6]. It is not a 
linear process and many other variables are 
probably involved. In addition, there are 
no clear definitions of fibrosis regression. 
Early studies were conducted on patients 
achieving SVR after interferon-based ther-
apy. It is not clear if this is similar to fibrosis 
regression achieved by DAA. This situation 
is a result of a paucity of studies on HCV 
patients who achieved a SVR and under-
went a repeat liver biopsy [7,8]. Up to two-
thirds of patients with HCV eradication will 
have some fibrosis regression, although 
those with cirrhosis appear to regress less 
[6]. In addition, the follow-up period for 
patients with DAA was much shorter, and 
did not exceed 3 years. Fibrosis regression 
does not occur in all patients and there is no 
established predictive factor. For example, 
although there was reported improvement 
in portal hypertension with SVR, a clear 
threshold was not identified [9].

In the early years of HCV treatment 
assessment of the degree of fibrosis was 
routinely performed by obtaining his-
tological samples during a liver biopsy. 
Liver biopsy is still regarded as the gold 
standard for assessment of the degree of 
fibrosis. It is, however, an invasive pro-
cedure, which is expensive and has com-
plications including hemorrhage and dis-
comfort. In addition, there is a potential 
side effect of a sampling error [10].

There are several non-invasive meth-
ods of determining the severity of hepatic 
fibrosis. These include serum biomarker al-
gorithms ranging from tests based on readi-
ly available routine laboratory tests such as 
the APRI and FIB4 tests, to patented serum 
biomarkers such as the FibroTest© [11].

Ultrasound-based elastography tech-
niques are widely used non-invasive mo-

dalities to assess liver fibrosis [12]. The 
pioneer vibration-controlled transient elas-
tography (TE) measures the velocity of an 
acoustic wave in the liver tissue. This mea-
surement in turn is converted into a liver 
stiffness measurement (LSM), expressed in 
kilopascals (kPa) or in meters per second 
[12]. Newer elastography modalities, such 
as acoustic radiation force impulse imag-
ing (ARFI) or 2-dimensional shear wave 
elastography (2D-SWE), are gaining pop-
ularity since they are usually integrated in 
conventional ultrasound systems [12-14].

Several personal and liver-related vari-
ables hamper the accuracy of TE [13]. 
Obesity, ascites, hepatitis flares, signifi-
cant cholestasis, and high central venous 
pressure limit the validity of TE measure-
ments [13]. Furthermore, age, female sex, 
hypertension, type 2 diabetes and operator 
experience, are independently associat-
ed with unreliable results (approximate-
ly 20% of cases according to the largest 
series and represent a key limitation of 
TE in clinical practice) [13]. These con-
founders probably affect all techniques 
similarly [14]. Another limitation of ultra-
sound-based elastography is that in con-
trast to the excellent (93–96%) accuracy 
for diagnosing cirrhosis, these techniques 
are far less precise for differentiating earli-
er stages of fibrosis (78–82%) [12]. 

Davidov and colleagues from Sheba 
Medical Center [15] examined the effect 
of achieving SVR with DAAs in 133 pa-
tients with chronic HCV hepatitis on he-
patic fibrosis. They found that fibrosis 
decreased by at least 1 stage in 56% of 
the patients after a mean follow-up of 15 
months, and cirrhosis was reversed in 29% 
of patients. These changes did not improve 
at 24 months follow-up. Nevertheless, in a 
subgroup of patients assessed at 18 months 



following treatment completion, cirrhotic 
patients with a BMI of less than 28 kg/m2 
had a higher chance of fibrosis regression.

Liver stiffness decreases significantly 
after SVR to treatment with DAA's. Small 
studies have compared LSM with histo-
logical findings following SVR. In these 
reports LSM does not exclusively estimate 
the stage of fibrosis in patients who have 
achieved SVR. Changes in LSM may be 
due to a rapid decrease in liver inflamma-
tion [7,8]. Furthermore, there is no clear 
definition of fibrosis regression. There is 
a need to consider other changes in liver 
architecture including changes in nodule 
size, degree of regeneration, and changes 
in the extracellular matrix [6]. The authors 
do not provide details of a comparison of 
the results of improvement of fibrosis as 
assessed by the different methods, in or-
der to determine if there is agreement on 
long-term follow up. They do, however, 
demonstrate that the assessment of the fi-
brosis can be reliably performed by simple 
non-proprietary methods. Comparisons of 
these methods in the literature, however, 
have shown good correlation. Combina-
tion testing of elastography and biomark-
ers may result in further more accurate 
determinations [16]. 

The data assembled by Davidov et al. 
[15] identified surrogate markers for pre-
dicting fibrosis improvement in cirrhotic 
SVR patients. Splenomegaly was shown 
to be a significant negative predictor of liv-
er fibrosis regression and a platelet count 
greater than 152 × 109/L was a sensitive 
and specific predictor of fibrosis regression.

Ultimately, what is important is to de-
termine the degree of fibrosis regression in 
patients with advanced fibrosis or cirrhosis 
that results in an improvement of clinical 
outcomes, including a decrease in hepat-
ic decompensation and complications of 
portal hypertension and a decrease in the 
development of hepatocellular carcinoma.

Indeed, both AGA clinical practice 
guidelines and the World Federation 
for Ultrasound in Medicine and Biol-
ogy guidelines state that patients with 
advanced liver fibrosis (F3) or cirrhosis 
at the time of DAA treatment represent 

the highest-risk group for HCC after 
DAA-induced SVR. These patients 
should stay in HCC surveillance and 
screening for portal hypertension [12,17].

The disease burden of HCV is still 
significant. The availability of effective, 
pan-genotypic therapy will enable pri-
mary care providers to take a leading 
role in the identification of patients with 
HCV and their treatment. It is more effi-
cient for the majority of patients with less 
advanced fibrosis to be identified and 
treated by their primary care physicians 
and for the patients with more advanced 
fibrosis to be followed up in specialized 
centers. The study by Davidov et al. 
[15] provides a degree of confidence in 
identifying those patients with more se-
vere fibrosis easily with non-proprietary 
blood tests or by elastographic testing. It 
has been suggested that a combination 
of non-invasive markers be shown to 
identify patients at low risk of develop-
ing hepatocellular carcinoma [18]. These 
patients need to be referred to specialist 
centers for follow-up.

The study of Davidov et al. [15] suggests 
that reliable identification of both advanced 
fibrosis in HCV hepatitis and a decrease in 
the degree of fibrosis following the achieve-
ment of SVR is possible. This finding may 
enable more efficient referral of high-risk 
patients for long-term follow up in special-
ized centers, and strengthening the role of 
community physicians in diagnosing, treat-
ing and following up the more mild cases.


