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Abstract

Results from the interferon era have demonstrated reversibility of cirrhosis following viral eradication, but only 
for patients in the initial stage of cirrhosis. Although direct-acting antivirals (DAA) represent revolutionary treat-
ment of hepatitis C, there are currently no studies showing histological effects of therapy on a large number 
of cirrhotic patients. However, studies involving transient elastography demonstrated a rapid decrease in liver 
stiffness after successful DAA therapy, probably due to resolution of inflammation, rather than fibrosis regression, 
as the latter requires a longer period of time. Reversal of fibrosis and cirrhosis upon viral eradication is a pre-
requisite for the reduction of portal pressure, but this effect has only been observed for the subclinical stage of 
portal hypertension (PH). On the other hand, the majority of patients with clinically significant PH remain at risk 
of decompensation and death, despite hepatitis C virus cure, as PH remains high in this setting. This calls for 
novel therapeutic approaches.

Key words: hepatitis C, interferon, direct-acting antivirals, cirrhosis, portal hypertension.

Address for correspondence

Ivica Grgurevic, MD, PhD, Assist. Prof., Department of Gastroenterology, Hepatology and Clinical Nutrition, Department of Medicine, 
University Hospital Dubrava, University of Zagreb School of Medicine and Faculty of Pharmacy and Biochemistry, Avenija Gojka 
Suska 6, Zagreb 10 000, Croatia, phone: +385 1 290 3434, fax: +385 1 290 2550, e-mail: ivica.grgurevic@zg.htnet.hr

been established, characterized by the modern concept 
that views cirrhosis and PH as dynamic processes in 
the context of advanced chronic liver disease [3].

Fibrosis-cirrhosis-portal hypertension 
interrelationship

The results of numerous studies have led to a mod-
ern paradigm in which liver cirrhosis can no longer 
be considered as a single or static stage of liver disease 
[4-6]. Histologically, cirrhosis is defined by the abun-
dance of fibrous tissue in the form of connective septa, 
which surround hepatic lobules, accompanied by the 
neovascularization of these septa, the capillarization of 
sinusoids and the formation of regenerative nodules. 
However, the amount of connective tissue may vary 
significantly depending on the aetiology and stage of 
the disease, which can be elegantly shown by a com-
puter-assisted analysis of histological slides stained via 

Introduction

The appearance of direct-acting antivirals (DAA) 
in 2011 marked the beginning of a new era in hepa-
titis C treatment. Since 2014, ‘all-oral therapy’ has 
been introduced, with nearly a 100% successful erad-
ication rate for the hepatitis C virus (HCV) achieved, 
including cirrhotic patients [1]. It has been well doc-
umented that viral clearance upon receiving therapy 
generally results in reduced morbidity and mortality 
from chronic liver disease [2], but how this influences 
clinical outcomes in patients with already established 
cirrhosis and portal hypertension (PH), as the most 
endangered cohort, is a  matter of debate. In other 
words, does the HCV cure translate into halting the 
progression of liver disease, and does it lead to the re-
versal of cirrhosis into lower histological stages and 
regression of PH? The theoretical background that al-
lows for these issues to be addressed has only recently 
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the Picro-Sirius Red method [7]. When this method is 
used, collagen is stained red while the rest of the liver 
tissue remains yellow; the percentage (%) of the red-
stained area over the analysed field can be calculated, 
representing the relative proportion of collagen. By 
using this approach, the amount of collagen has been 
reported to vary from 9 to 62% in patients with liv-
er cirrhosis [7, 8]. It is logical to expect that a patient 
with a greater amount of connective tissue has poorer 
liver functioning, higher portal pressure and a worse 
prognosis compared to a patient in the initial stage of 
cirrhosis with less connective tissue in the liver [9]. In-
deed, patients with thicker connective septa in the liver 
have significantly higher PH, as expressed by the he-
patic venous pressure gradient (HVPG) [10]. Changes 
that take place at the tissue and haemodynamic level 
translate into clinically visible signs and events, which 
have proved useful when discriminating between cir-
rhotic patients in terms of disease severity and progno-
sis, with both significantly influenced by the presence 
and severity of PH and its complications [3, 5]. Thus, 
patients with compensated cirrhosis can be further 
subclassified into stage 1 (with no oesophageal varices 
[OVs] or ascites) and stage 2 (with OVs but no ascites). 
Patients with decompensated cirrhosis can be subclas-
sified into stage 3 (with ascites as a  decompensating 
event, but no bleeding from OVs), and stage 4 (with 
bleeding from OVs with or without ascites). Between 
these stages, there is a significant difference in survival: 
one-year mortality is 1% for stage 1, 3% for stage 2, 
20% for stage 3 and 57% for stage 4 [11]. These clinical 
categories can be even more accurately described by 
continuous variables that better reflect the evolution 
of histological changes and the increase in portal pres-
sure. It has been accepted that liver stiffness (LS), mea-
sured by transient elastography (TE) or other elasto-
graphic methods, increases with deterioration during 
the clinical stage of liver cirrhosis, caused by increased 
accumulation and changes in the structure of the con-
nective tissue [12]. On the other hand, the continuous 
increase of portal pressure with the worsening of the 
cirrhosis can be tracked by HVPG measurement. PH 
expressed by the HVPG has been demonstrated as 
the best predictor of decompensation in patients with 
compensated cirrhosis, even better than the Child-
Pugh score, the MELD score and serum albumin con-
centrations [13]. 

Therefore, if PH is that important to the clinical 
outcomes of patients with advanced liver disease, and 
if PH (at least in the initial stage) results mainly from 
the accumulation of connective tissue and other archi-
tectural derangements within the liver, it very import-
ant to understand whether cirrhosis, as the underlying 

condition for PH, is reversible upon aetiological treat-
ment (HCV eradication, for example), and whether 
this reversal leads to PH regression [14].

Cirrhosis reversibility by interferon-based 
treatment regimens

Most data on cirrhosis reversibility in the setting of 
chronic hepatitis C have been generated during studies 
that analysed the effect of interferon-based treatment 
regimens. In a meta-analysis that included six studies 
with a total of 443 patients with HCV cirrhosis treat-
ed with interferon and ribavirin, a sustained viral re-
sponse (SVR) was achieved in 31% of the patients, with 
histological regression of cirrhosis observed in 51% of 
these [15]. It has been demonstrated that the propor-
tion of patients with cirrhosis regression depends on 
the time between the two liver biopsies. Thus, the rel-
ative risk of cirrhosis regression was found to be 4.33 
(CI = 1.1-17.0, p = 0.04) in patients with > 36 months 
between the follow-up and the initial (pre-therapeu-
tic) liver biopsy, whereas it was 1.79 (CI = 1.26-2.29,  
p < 0.01) in patients who had a shorter interval, indi-
cating that the regression of cirrhosis is a slow process 
[15]. Another important notion emerging from inter-
feron era studies is that achieving an SVR is the most 
important predictor of cirrhosis reversibility. Specifi-
cally, in a study that analysed 3,010 HCV patients (153 
with cirrhosis, median interval 20 months between the 
biopsies) treated with different regimens of conven-
tional or PEG-interferon ± ribavirin, reversibility of 
cirrhosis was observed in 49% of patients who achieved 
an SVR, with an average METAVIR stage 1.9 in the 
follow-up biopsy [16]. In patients with a histologically 
confirmed reversion of cirrhosis, the SVR was 33%, as 
compared to 15% in patients who remained cirrhotic  
(p = 0.01). In multivariate logistic regression, the SVR 
was the only factor associated with cirrhosis reversibili-
ty (OR = 0.39; 95% CI = 0.17-0.85; p = 0.02). However, 
to address the final clinical and epidemiological impact 
of the SVR, as achieved by interferon-based therapy,  
it is important to explore its effects in terms of prevent-
ing the development of new cases of liver cirrhosis, thus 
reducing the adverse clinical outcomes of chronic hep-
atitis C. The answer to this was presented in a French 
study involving 933 patients with chronic hepatitis C 
(64% were treated with interferon regimens) who were 
subjected to liver fibrosis tests (Fibrotest or Fibroscan 
or liver biopsy) conducted at a 6.3-year interval (me-
dian) [17]. An SVR was achieved in 28.7% (171 out of 
595 treated) of the patients, while cirrhosis regressed 
in 56% (24 out of 43) of the SVR patients. However, 
during the follow-up period, 15 (11.7%) new cases of 
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cirrhosis were observed in the SVR patients, meaning 
that the net effect of therapy was a modest 5% (24 pa-
tients with regression of cirrhosis minus 15 patients 
with newly developed cirrhosis, i.e., 9 patients) in 
terms of the overall reduction of cirrhosis development 
following the SVR [17]. To conclude, interferon-based 
therapy resulted in a 30% rate of SVR among patients 
with HCV cirrhosis, of whom 50% experienced regres-
sion of cirrhosis. However, due to new cases of cirrho-
sis in patients with an SVR, the net reduction of new-
ly developed cirrhosis was a  disappointing 5%. This 
leads to the conclusion that therapy should be started 
as soon as possible, preferably before the advanced  
fibrosis develops. In the future, patients with advanced 
liver fibrosis (METAVIR F3-F4) could hypothetically 
benefit from adding potential antifibrotic drugs (cur-
rently in development) to the aetiological treatment in 
order to prevent the progression of fibrosis, thus pre-
venting the development of cirrhosis, PH and adverse 
clinical outcomes. This remains speculative for now 
and should be tested when (and if) these new drugs 
become available. 

Cirrhosis reversibility by direct-acting 
antivirals

Data on cirrhosis reversibility in patients treated 
with DAA are scarce and based mainly on studies in 
which TE was used for fibrosis staging. Given that liver 
biopsy is nowadays rarely used to evaluate fibrosis in 
patients with chronic hepatitis C, it is not possible to 
determine with certainty the number of patients that 
actually had a reversion of histological changes, which 
is typical for cirrhosis as a  distinctive stage of liver 
disease. Based on data from the interferon era, LS, as 
assessed by TE, has been demonstrated to be insuffi-
ciently reliable in defining the fibrosis stage following 
antiviral treatment. In a  study by D’Ambrosio et al., 
patients with HCV cirrhosis were monitored for five 
years following an SVR and then had a  control liver 
biopsy and LS measurements performed [18]. Histo-
logical regression of cirrhosis was observed in 20/33 
(61%) patients, whereas LS < 12 kPa, which is consid-
ered a reliable cut-off value to rule out cirrhosis, was 
measured in 24/33 (73%) patients. Although within 
the range of LS that is not indicative of cirrhosis, 5 out 
of these 24 patients (21%) had cirrhosis as demonstrat-
ed histologically [18]. These results lead to the conclu-
sion that TE cut-off values used for fibrosis staging in 
patients with chronic hepatitis C are not applicable for 
patients following viral eradication and should proba-
bly be lower. Given that LS measurements in viraemic 
patients, beside fibrosis, also include the inflammato-

ry infiltrate component, after eradication of the virus 
and resolution of the inflammation, a rapid decrease in 
liver stiffness is expected, but the regression of fibrosis 
is a  much longer process. For these reasons, current 
data on cirrhosis reversibility after DAA therapy are of 
limited value, since they are based mostly on indirect 
indicators of liver fibrosis, such as LS measurements. 
For example, in a  study by Pineda et al., among 49 
patients with pre-therapeutic LS values indicating cir-
rhosis (> 12.5 kPa), LS decreased to values that would 
indicate cirrhosis reversal (< 12.5 kPa) in 12 (24%) pa-
tients after reaching an SVR12 following DAA thera-
py [19]. In another study in which 392 patients with 
chronic hepatitis C were treated with DAA, regression 
of LS was noted, from an average of 12.65 kPa prior to 
therapy to 8.55 kPa 40 weeks after achieving an SVR, 
which is a  reduction of 32% (p < 0.001); meanwhile, 
the FIB4 score regressed from 2.5 to 1.8 [20]. Since liv-
er biopsy was not used in this study, the authors were 
unable to provide histological data to support cirrhosis 
regression. Similar results were obtained in a study by 
Romanian authors, in which 225 patients with HCV 
cirrhosis (all genotype 1b) were treated with DAA for 
12 weeks, with LS analysed before treatment, at the end 
of treatment (EOT) and 12 weeks after that (SVR12) 
[21]. In these patients, a progressive decrease in LS was 
noted, from the pre-therapeutic 26.4 kPa to 23.5 kPa 
at the EOT, to a final 21.3 kPa in SVR12, which is a re-
duction of 20% (p < 0.001), again without histological 
data provided. Attempts to reach conclusions on cir-
rhosis reversibility upon DAA treatment, assessed by 
non-invasive methods, as represented by TE, proved 
misleading, according to data that were recently pub-
lished by an American group of authors. They investi-
gated the effects of DAA in a group of 100 patients with 
advanced HCV fibrosis or cirrhosis (35 with F3 and 65 
with F4 METAVIR stages) [22]. Again, the improve-
ment of LS was observed in 55% of the patients, which 
occurred after an average of 2.8 years of follow-up. 
However, among 10 patients in whom baseline and fol-
low-up liver biopsy was performed in addition to TE, 
4/9 patients with final LS values of < 9.5 kPa (which 
would be indicative of a stage < F3) still had F3 or F4 
stage fibrosis at the follow-up biopsy, revealing the er-
roneous results of TE in 44% of patients in this setting. 

Reversibility of portal hypertension  
by interferon-based treatment regimens

The effect of antiviral therapy on PH and the clin-
ical outcomes of patients were analysed in a study by 
Italian authors, which included patients with compen-
sated HCV cirrhosis who were treated with PEGylated 
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interferon and ribavirin [23]. The patients were divided 
into stage 1 (no OVs and no ascites) and stage 2 (with 
OVs but no ascites). SVR achievement at stage 1 cir-
rhosis resulted in a  significantly lower number (but 
not complete prevention) of newly developed OVs, 
compared to patients who did not achieve an SVR. 
How ever, in the group of patients with stage 2 cirrho-
sis, there was no difference in the endoscopic stages of 
OVs at follow-up, regardless of the SVR status. These 
results indicate that HCV eradication can significantly 
prevent development and aggravation of PH in patients 
at an early stage of cirrhosis with subclinical PH (who 
have not yet developed OVs). However, in the setting 
of cirrhosis with clinically significant PH (CSPH) 
(which is, by definition, present in patients with OVs), 
eradication of the infection seems not to have the po-
tential to prevent PH progression. In the same study, 
the authors found that cirrhosis decompensation was 
completely prevented in patients with stage 1 cirrho-
sis, while the patients in stage 2 who achieved an SVR 
had a significantly lower risk of decompensation com-
pared to patients in whom the HCV was not eradicat-
ed. These results indicate that HCV eradication is an 
effective way of preventing the development of CSPH 
and OVs, but only in patients treated in the early stages 
of the disease (stage 1 cirrhosis, without OVs and asci-
tes), which once again validates the above-mentioned 
conclusion that patients need to be recognized and 
treated as early as possible.

Reversibility of portal hypertension  
by direct-acting antivirals

Given the relatively short period since DAA were 
introduced, data on their effect on PH are relatively 
scarce. In one of the first pioneering studies, published 
in 2015, Afdhal et al. analysed the effect of DAA (so-
fosbuvir + ribavirin for 48 weeks) on 50 patients with 
HCV cirrhosis and PH (all had HVPG ≥ 6 mmHg) 
[24]. An SVR was achieved in 72% of patients, while 
paired (before and after therapy) HVPG measurements 
were performed on 37 patients. For 33 patients who 
were included in the final analysis, the mean HVPG 
was reduced by 0.5 mmHg, the MELD score decreased 
by 1.6 points and the Child-Pugh class regressed from 
B to A  in 69% of patients. The HVPG decreased in 
20/33 patients (8/33 for ≥ 20% compared to initial 
values), remained unchanged in 2 patients and wors-
ened in 13 patients after therapy. In the multivariate 
analysis, a  higher initial MELD score was associated 
with a greater HVPG reduction at the follow-up stage. 
A group of authors from Barcelona presented results 
on the effect of DAA on PH in 118 patients with HCV 

cirrhosis and CSPH (92% were at Child-Pugh stage A, 
and 80% had OVs, of whom 40% had large varices), of 
which 31% had at least one episode of previous decom-
pensation (14% variceal bleeding, 21% ascites) [25]. 
Upon achieving an SVR, the HVPG decreased from the 
pre-therapeutic 16.4 ± 4.5 mmHg to 14.5 ± 4.6 mmHg 
(mean decrease –1.9 ± 3, p < 0.01). A clinically relevant 
reduction in the HVPG (≥ 10%) was observed in 65 
(54%) patients (with a reduction of ≥ 20% observed in 
34% of the patients). However, CSPH persisted after 
achieving an SVR in as many as 86% of the patients. 
These results allow us to conclude that CSPH persists 
in the majority of patients treated with DAA despite 
achieving an SVR, meaning that they remain at risk  
of PH progression and cirrhosis decompensation. 
Similar results were also reported by a  group of au-
thors from Vienna who analysed the effect of DAA on 
104 patients with chronic hepatitis C and PH (all had 
HVPG ≥ 6 mmHg prior to therapy) [26]. An SVR was 
achieved in 100 (96%) patients, 60 of whom under-
went follow-up HVPG control measurements. There 
was a decrease in the HVPG from the pre-therapeutic 
13.1 ± 0.7 mmHg to 10.4 ± 0.79 mmHg after achieving 
an SVR, which represents an average decrease of 2.63 
± 0.38 mmHg or 23 ± 2.9% (p < 0.001). In patients with 
a pre-therapeutic subclinical PH (HVPG 6-9 mmHg), 
portal pressure normalized (HVPG < 6 mmHg) in 63% 
of patients; no progression of HVPG to ≥ 10 mmHg 
was observed. In patients with CSPH before treatment, 
a  clinically relevant reduction of HVPG > 10% was 
observed in 63%; however, the HVPG decreased to  
< 10 mmHg in only 24% of patients. The results of this 
study confirm the efficacy of DAA in treating PH in 
patients in the early stages of liver disease who have 
subclinical PH. However, in patients with already ex-
isting CSPH, despite achieving an SVR, CSPH persists 
in 76% of patients, meaning that they remain at risk of 
developing adverse outcomes. 

Conclusion and perspectives

Results from the interferon era demonstrate cirrho-
sis reversibility in the lower histological stages upon 
HCV eradication, although it is important to bear in 
mind that these data refer to compensated patients at the 
initial stage of cirrhosis. However, viral eradication does 
not stop the progression of fibrosis and the development 
of cirrhosis in every patient, as the interferon-based 
regimens seem to prevent the development of cirrho-
sis in only 5% of treated patients over a 10-year period. 
This suggests that patients with advanced liver fibrosis 
(F3-F4 according to METAVIR) could be considered 
as potential candidates for antifibrotic regimens (cur-
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rently under development), in addition to aetiological 
treatment, in order to prevent progression to cirrhosis, 
PH and adverse clinical outcomes. For this approach, 
reliable and safe antifibrotic drugs are awaited, as well 
as criteria to recognize patients at risk of fibrosis pro-
gression. Although DAA represent a  revolution in 
hepatitis C treatment, there are currently no studies 
to show their actual histological effects on a larger co-
hort of patients. The results of fibrosis assessment by 
non-invasive methods (TE) indicate a significant and 
rapid decrease in LS upon successful therapy, which is 
probably due to the resolution of inflammation, rather 
than fibrosis regression, which requires a longer period 
of time. LS values obtained by TE, as used in the diag-
nostic work-up of viraemic hepatitis C patients, have 
been proven to be unreliable upon the eradication of 
the HCV and the resolution of inflammation. As such, 
further research is needed to define the optimal values 
in this clinical setting. However, taking into account 
regressive LS dynamics and histological results in pa-
tients who achieved an SVR using interferon regimens, 
at least the same proportion of cirrhosis reversibility 
may be expected in patients who achieve an SVR us-
ing DAA. Early PH mainly results from increased 
resistance to the blood flow within the liver, largely 
caused by the accumulation of connective tissue and 
liver architectural derangements. Therefore, treatment 
options (both interferon-based and DAA), which re-
sulted in the reversion of cirrhosis and the regression 
of fibrosis upon viral eradication, have been accom-
panied by a  reduction in portal pressure in the ear-
ly (subclinical) stage of PH. However, although viral 
eradication by DAA can be achieved in a large number  
of patients with cirrhosis and CSPH as well, PH re-
mains within a clinically significant range in the ma-
jority (76-86%) of patients, thus exposing them to the 
risk of decompensation and death, even after achiev-
ing an SVR. This again raises the question about the 
possible use of drugs (statins, for example), in addi-
tion to aetiological treatment, which could further in-
fluence the reduction of PH, even after achieving an 
SVR. It remains to be seen which patients would be 
potential candidates for such an approach. According 
to the current literature, all patients with CSPH prior 
to therapy (measured by the HVPG or the existence of 
OVs) could be candidates. In patients without CSPH 
and OVs, further research should be carried out in or-
der to define those at risk of PH progression, despite 
achieving eradication of the HCV. 
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