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response (SVR) rate was 51% in Child-Pugh class A cirrhotic 
patients without CSPH compared with 14% in those with CSPH after 
treatment with pegylated interferon and ribavirin [3,4]. Multivariate 
analysis revealed that an elevated HVPG is an independent risk 
factor for treatment failure. Patients with cirrhosis and CSPH have 
a low chance to achieve SVR and an increased incidence of serious 
adverse effects. Some explanations have been suggested why portal 
hypertension reduces antiviral treatment response; disturbed 
pharmacokinetics such as altered hepatic drug uptake and altered 
distribution owing to the irregular splanchnic and intrahepatic blood 
flow, congested intestinal mucosa due to portal hypertension, and 
impaired T cell chemoattraction and interaction with the HCV-
infected hepatocytes owing to the increased hepatic sinusoidal shear 
stress [3,5].

Recently, significant advances in the treatment of HCV infection 
have been achieved with the introduction of interferon-free potent 
direct-acting antiviral (DAA) agents. The safety and efficacy of 
ledipasvir-sofosbuvir have been well established among patients with 
compensated cirrhosis and excellent rates of SVR over 90% have 
been reported [6,7]. Patients with cirrhosis and CSPH are the major 
difficult-to-treat patients in today’s real-life cohorts. Therefore, we 
aimed to investigate whether patients with HCV-related cirrhosis 
and CSPH on DAA therapy could exhibit SVR rates and safety 
outcomes equivalent to those in patients without CSPH.

Patients and Methods
Methods

The present study is a retrospective cohort analysis. We collected 
the data of the patients with HCV-related cirrhosis treated with 
DAA therapy in the period between December 2014 and December 
2015 at our institute, a community-based tertiary referral hospital 
with a specialized hepatology department. The electronic medical 
records were reviewed to evaluate patient characteristics, treatment 
responses, and safety outcomes. The biochemical data and viral load 
were recorded at week 0 (start of DAA therapy), week 4, week 8, end 
of treatment (EoT), and post-treatment week 12 (PT 12).

Abstract
Purpose: This study aimed to investigate whether patients with 
hepatitis C virus (HCV)-related cirrhosis and clinically significant 
portal hypertension (CSPH) could show satisfactory virological and 
safety outcomes on direct-acting antiviral (DAA) therapy.

Methods: Patients with HCV-related cirrhosis treated with DAA 
therapy were collected in the period between December 2014 and 
December 2015. Patient characteristics, therapeutic details, and 
safety outcomes were evaluated. CSPH was defined as presence 
of gastroesophageal varices via esophagogastroduodenoscopy.

Results: Totally, 113 patients were included in this study; 26 with 
CSPH and 87 without CSPH. HCV genotype 1b-infected patients 
were treated with either daclatasvir plus asunaprevir or sofosbuvir 
plus ledipasvir. HCV genotype 2-infected patients were treated with 
sofosbuvir plus ribavirin. Sustained virological response (SVR) 
rates were equally good in patients with CSPH (96%) and in those 
without CSPH (93%). In patients who achieved SVR, prompt 
improvements in the hepatic function were observed. Recovery 
was more pronounced in patients with CSPH. There was no early 
treatment discontinuation and no hepatic decompensation.

Conclusions: DAA therapy in patients with HCV-related cirrhosis 
and CSPH could achieve a high SVR rate and early improvements 
in the hepatic function. This treatment strategy showed relatively 
fair safety outcomes.
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Introduction
Patients with hepatitis C virus (HCV)-related cirrhosis have 

been considered difficult-to-treat cohorts with limited treatment 
options and an unfavorable prognosis in the era of interferon-based 
antiviral therapy. Advanced fibrosis and clinically significant portal 
hypertension (CSPH), defined as hepatic venous pressure gradient 
(HVPG) over 10 mmHg, is an ominous predictor of poor treatment 
efficacy [1,2]. Reiberger, et al. showed that the sustained virological 
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Patients

The eligible patients were: 1) treated with interferon-free 
DAA regimens against HCV-related chronic liver disease, 2) no 
co-infection with hepatitis B virus (HBV), 3) absence of residual 
hepatocellular carcinoma (HCC), and 4) presence of cirrhosis. 
Confirmation of the cirrhosis was determined either via a METAVIR 
score of F4 by liver biopsy specimens, if available, or the combination 
of an aspartate aminotransferase to platelet ratio index ≥ 2 plus a 
peripheral platelet count < 100 × 103/μL (Figure 1) [8,9]. The patient 
characteristics, laboratory test results, and viral load at the initial 
presentation were listed in table 1 and table 2. All patients were in 5a 
state of compensated cirrhosis at the initiation of the DAA therapy.

Assessment of CSPH

Patients with CSPH eventually exhibit ascites and/or 
gastroesophageal varices. Because Japanese medical insurance 
coverage for anti-HCV DAA therapy are confined to the patients with 
compensated cirrhosis, CSPH in this study was defined as presence 
of gastroesophageal varices via esophagogastroduodenoscopy (EGD). 
All included patients underwent EGD evaluate gastroesophageal 
varices. Patients were divided into a CSPH cohort and a non-CSPH 
cohort.

Antiviral therapy and follow-up

Patients infected with HCV genotype 1b were treated with 
daclatasvir (60 mg) once daily plus asunaprevir (100 mg) twice daily 
for 24 weeks or sofosbuvir (400 mg) plus ledipasvir (90 mg) once 
daily for 12 weeks. Patients with HCV genotype 2 were treated with 
sofosbuvir (400 mg) once daily plus body weight-based ribavirin 
(200-400 mg) twice daily for 12 weeks. These three combinations had 
been the only interferon-free DAA regimens approved for treatment 
of HCV infection at the time of the study in Japan. All patients 
were treated and followed up by board-certified hepatologists of the 
Japanese Society for Hepatology (KM and HO).

 

HCV-related Chronic Liver Diseases

DAA Therapy between December 2014
and December 2015 (n=432)

Co-infected with HBV (n=3)

a METAVIR score of F4, if available, or
APRI ≥ 2 plus peripheral platelet count < 100 × 103/µL

Inclusion Criteria Fulfillment (n=113)

Esophageal Varices via Endocsopy

NO YES

non-CSPH cohort (n=87) CSPH cohort (n=26)

DCV/ASV (n=68)
SOF/LDV (n=10)
SOF/RBV (n=9)

DCV/ASV (n=20)
SOF/LDV (n=4)
SOF/RBV (n=2)

Analyzed

Figure 1: Patient inclusion flowchart.
APRI: Aspartate aminotransferase to Platelet Ratio Index, ASV: Asunaprevir, CSPH: Clinically Significant Portal Hypertension, DAA: Direct-Acting Antiviral, DCV: 
Daclatasvir, HBV: Hepatitis-B virus, HCV: Hepatitis-C virus, LDV: Ledipasvir, RBV: Ribavirin, SOF: Sofosbuvir.

Table 1: Baseline characteristics of the patients with and without CSPH.

 non-CSPH 
cohort 
(N = 87)

CSPH cohort 
(N = 26)

P value

Age, year 69.0 ± 7.5 67.2 ± 8.2 0.46 
Sex, female/male 46/41 19/7 0.47 
BMI, kg/m2 23.6 ± 3.7 23.6 ± 3.6 0.87 

White blood cells, 103/dL 39.6 ± 13.6 35.2 ± 10.9 0.18 

Hemoglobin, g/dL 13.1 ± 1.4 11.6 ± 1.7 < 0.001
Platelets, 103/μL 79.0 ± 15.4 65.2 ± 21.6 0.003 
PT INR 1.14 ± 0.10 1.26 ± 0.11 < 0.001
Albumin, g/dL 3.8 ± 0.3 3.0 ± 0.3 < 0.001
Total bilirubin, mg/dL 1.0 ± 0.3 1.5 ± 0.5 0.02 
AST, IU/L 80.8 ± 48.1 90.7 ± 61.9 0.60 
ALT, U/L 76.4 ± 46.6 59.8 ± 36.6 0.08 
eGFR, mL/min 68.2 ± 12.8 75.5 ± 18.3 0.006 
AFP, ng/mL 44.1 ± 77.0 37.0 ± 60.5 0.44 
CTP score 5.3 ± 0.5 7.5 ± 0.5 0.005 
MELD score 5.3 ± 3.7 6.6 ± 3.6 0.007 
History of Acites, no. (%) 1 (1%) 11 (42%) < 0.001
History of HCC, no. (%) 29 (33.3%) 12 (46.2%) 0.33 
HCV genotype
1b, no. (%) 78 (89.7%) 24 (92.3%)
2, no. (%) 9 (10.3%) 2 (7.7%)
HCV viral load, log10 IU/mL 5.9 ± 0.9 5.7 ± 0.6 0.10 

Previous HCV Treatment, no. (%) 39 (44.8%) 9 (34.6%) 0.36 
SVR12, % (n/n) 93.1% (81/87) 96.2% (25/26) 0.57 
Serious AE, no. (%) 0 2(7.7%)† 0.009

Discontinuation of treatment 0 0 -

†One with pneumonia and the other with cryptogenic bacteremia.
AE: Adverse Event, BMI: Body Mass Index, CTP: Child-Turcotte-Pugh, CSPH: 
Clinically Significant Portal Hypertension, eGFR: Estimated Glomerular Filtration 
Rate calculated with the use of the Cockroft-Gault equation, HCC: Hepatocellular 
Ccarcinoma, MELD: Model for End-stage Liver Disease, PT INR: Prothrombin 
International Normalized Ratio, SVR: Sustained Virological Response.
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Statistical analysis

The primary statistical objective was to determine whether the 
patients with HCV-related cirrhosis and CSPH showed equivalent 
SVR rate and safety outcomes in DAA therapy compared to those 
without CSPH. Values are presented as the mean ± standard 
deviation. Standard statistical methods were used to analyze the 
results. Biochemical data were compared using the Mann-Whitney 
rank-sum and chi-square tests. P values less than 0.05 (two-tailed) 
were considered statistically significant. All analyses were performed 
using the EZR v1.26 software [10].

Ethics

The ethics committees of our institutional review board approved 
this study in accordance with the Declaration of Helsinki. Data 
collection and analyses were conducted on anonymized samples.

Results
Characteristics of the patients at the baseline

Between December 2014 and December 2015, 432 patients 
with HCV-related chronic liver diseases received DAA therapy 
in our institute. Three patients, co-infected with HBV and HCV, 
were excluded. No patients had concomitant infection with human 
immunodeficiency virus. A total of 113 patients that exhibited an 
initial peripheral platelet count below 100 × 103/μL were enrolled in 
the analysis. All patients were Japanese. Patients with gastroesophageal 
varices via EGD comprised the CSPH cohort (n = 26), and the 
remaining comprised the non-CSPH cohort (n = 87) (Figure 1). The 

patient characteristics are listed in table 1. HCV genotype 1b (90%) 
and 2 were represented. HCC had been treated by ablation or hepatic 
resection in 41 patients (36%) prior to the initiation of the DAA 
therapy. Absence of residual HCC was judged based on imaging study 
within a month before the DAA therapy. Mean Child-Turcotte-Pugh 
scores and model for end-stage liver disease (MELD) scores were 
7.5 and 6.6 in the CSPH cohort, and 5.3 and 5.3 in the non-CSPH 
cohort, respectively. The CSPH cohort had significantly higher serum 
bilirubin levels, lower albumin levels, and higher prothrombin-time 
international normalized ratio (PT INR) than the non-CSPH cohort 
did. The CSPH cohort also had significantly lower hemoglobin 
content, platelet counts, and estimated glomerular filtration rate 
(eGFR). Eleven (42%) patients in the CSPH cohort had a history of 
ascites. Age, sex, body mass index, and baseline HCV viral load did 
not differ between the CSPH and non-CSPH cohorts.

Virological response
The overall SVR (SVR12) rate was 94%, by intention to treat analysis. 

No significant difference in the SVR rates was noticed between the patients 
with CSPH (96%) or those without (93%) (Table 1). Eighty-eight patients 
had received daclatasvir plus asunaprevir, 14 received sofosbuvir plus 
ledipasvir, and 11 received sofosbuvir plus ribavirin; the resultant SVR 
rates were 92%, 100%, and 100%, respectively (Table 2). The CSPH 
and non-CSPH cohorts similarly showed a rapid decline in the HCV 
viral load (Figure 2A). At week 4, HCV RNA became undetectable in 
two thirds of the patients and was below the quantitation limit (1.2 
Log10 IU/mL) in the remaining patients. There were 7 cases (6%) 
of treatment failure in the daclatasvir plus asunaprevir group, all of 
them resulted from on-treatment breakthrough.

Table 2: Baseline characteristics of the three treatment regimen groups.

 Daclatasvir with Asunaprevir (N = 88) Sofosbuvir with Ledipasvir (N = 14) Sofosbuvir plus Ribavirin (N = 11)
Mean age, year 68.4 ± 7.6 71.0 ± 74.4 67.4 ± 9.2
Sex, female/male 52/36 6/8 7/4
BMI, kg/m2 23.4 ± 3.6 23.1 ± 3.3 23.6 ± 3.6

White blood cells, 103/dL 3.81 ± 1.38 3.94 ± 1.27 3.86 ± 1.32

Hemoglobin, g/dL 12.8 ± 1.6 12.3 ± 1.8 12.9 ± 1.4
Platelets, 104/μL 7.6 ± 1.8 7.1 ± 1.8 8.0 ± 1.6

AST, IU/L 86.0 ± 49.0 49.0 ± 15.5 103.4 ± 78.0
ALT, IU/L 76.9 ± 47.1 44.1 ± 21.0 73.8 ± 36.5
eGFR, mL/min 70.2 ± 14.2 70.8 ± 12.7 66.4 ± 18.6
CTP score, no. (%)
5 48 (54.5%) 7 (50%) 5 (45.5%)
6 20 (22.7%) 3 (21.4%) 4 (36.4%)
7 10 (11.3%) 2 (14.3%) 1 (9.1%)
8 10 (11.3%) 2 (14.3%) 1 (9.1%)
MELD score, no. (%)
< 10 79 (89.8%) 13 (92.9%) 9 (81.8%)
10-15 8 (9.1%) 1 (7.1%) 2 (18.2%)
≥ 15 1 (1.1%) 0 0
Ascites, no. (%)
None 79 (89.8%) 13 (92.9%) 10 (90.9%)
Mild 4(4.5%) 1 (7.1%) 1 (9.1%)
Moderate 3 (3.4%) 0 0
Severe 2 (2.3%) 0 0
CSPH, no. (%) 19 (26.1%) 4 (28.6%) 3 (27.2%)
Hepatocellular Carcinoma, no. (%)
None 56 (63.6%) 8 (57.1%) 8 (72.7%)
Post Treatment 32 (36.4%) 6 (42.9%) 3 (27.3%)
HCV genotype 1b 1b 2
HCV RNA, Log10 IU/mL 6.0 ± 0.8 5.5 ± 1.0 5.7 ± 0.7

Previous HCV Treatment, no.
No 50 10 5
Yes 38 4 6
TVR or SMV triple therapy 10 1 0
PEG-IFN plus RBV 28 4 6
SVR12, % (n/n) 92.0% (81/88) 100% (14/14) 100% (11/11)
Serious AE, no. (%) 2 (2.3%) 0 0

PEG-IFN: Pegylated Interferon, RBV: Ribavirin, SMV: Simeprevir, TVR: Telaprevir.
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Discussion
This study demonstrated that DAA therapy achieved satisfactory 

SVR rates in patients with HCV-related cirrhosis and CSPH. SVR rates 
were high in patients with cirrhosis, irrespective of the concomitant 
CSPH. CSPH is not a “point of no return” where HCV eradication 
dose not result in improvement in liver function, in patients with 
compensated cirrhosis. This study proved the efficacy of the DAA 
therapy in these difficult-to-treat patients and thus, it might help to 
guide therapy decisions in the advanced stage of cirrhosis.

In patients who achieved SVR, MELD scores had stabilized and 
incrementally improved in both cohorts [6]. These improvements 
were largely due to the decreases in bilirubin level and the increases 
in albumin level. The serum level of ALT had declined promptly 
to the normal range, just along with the rapid viral clearance. This 
therapeutic course indicated that continuing hepatic inflammation 
due to the replication of HCV might exert substantial stress on the 
liver. Hence, eradication of HCV infection could reverse the hepatic 
dysfunction, even in patients with advanced cirrhosis. Because our 
observation was for a rather short period, longer follow up studies 
after the DAA therapy are required.

The adverse events were generally mild and there was no 
premature treatment discontinuation or hepatic decompensation. 
Two patients in the CSPH cohort suffered from infectious events 
requiring hospitalization. These adverse events were indistinguishable 
from the infectious complications occurring during the clinical 
courses of advanced cirrhosis, and might be treatment-unrelated. 

Biochemical responses during the DAA therapy

Serum levels of alanine aminotransferase (ALT) rapidly declined 
within the normal limit at week 4 in both cohorts (Figure 2B). A 
transient elevation of ALT occurred after week 8 in the non-CSPH 
cohort. Serum total bilirubin and albumin concentration showed 
more pronounced improvement in the CSPH cohort than in the non-
CSPH cohort (Figure 2C and Figure 2D). The PT INR and serum 
creatinine concentration remained almost unchanged. The MELD score 
stabilized and incrementally decreased in both cohorts (Figure 2E). 
Serum alpha-fetoprotein (AFP) levels surprisingly showed a rapid 
decline in both cohorts (Figure 2F).

Safety assessment

Mild adverse events, such as fatigue and decreased appetite 
were experienced by several patients. Slight elevations of ALT and/
or total bilirubin levels were noticed in several patients treated with 
daclatasvir plus asunaprevir. Three patients required dose reduction 
of ribavirin, and then could continue the treatment regimen. Two 
patients in the CSPH cohort experienced serious adverse events on 
treatment; bacterial pneumonia and cryptogenic bacteremia, both in 
daclatasvir plus asunaprevir group. After transient DAA interruption 
and antibiotic treatment at hospital, both patients resumed the 
DAA therapy and finally achieved SVR. There were no grade 3 or 
4 laboratory abnormalities leading to premature discontinuation 
of treatment. No patients experienced hepatic decompensation 
including ascites, hepatic encephalopathy, or variceal hemorrhage 
during the DAA therapy.

 

HCV RNA (Log10 IU/mL) ALT (U/L)

Total bilirubin (mg/dL) Albumin (g/dL)

MELD score AFP (ng/mL)

6

4

2

0

non-CSPH
CSPH

75

50

25

0

non-CSPH
CSPH

non-CSPH
CSPH

non-CSPH

CSPH

non-CSPH
CSPH non-CSPH

CSPH

Week 0   Week 4    Week 8     EoT       PT 12 Week 0   Week 4   Week 8     EoT       PT 12

Week 0  Week 4  Week 8     EoT       PT 12 Week 0  Week 4  Week 8     EoT       PT 12

Week 0  Week 4   Week 8     EoT      PT 12 Week 0  Week 4  Week 8    EoT       PT 12

1.5

1.25

1

0.75

4.0

3.5

3.0

6.0

5.0

4.0

50.0

25.0

0.0

A)

C)

E)

B)

D)

F)

Figure 2: Virological and biochemical responses during DAA therapy in patients who achieved SVR (A to F).
(A) Mean change from the baseline in the HCV viral load. No differences in the viral load decline were found between the two cohorts. EoT, end of treatment; PT 
12, post-treatment week 12; (B) Serum ALT levels rapidly declined to the normal limit at week 4 in both cohorts. Transient elevation was noticed from week 8 in 
the non-CSPH cohort; (C,D) Improvement of the serum total bilirubin and albumin was more evident in the CSPH cohort than in the non-CSPH cohort; (E) MELD 
score had decreased in in both cohorts; (F) Interestingly, serum AFP levels showed a rapid decline in both cohorts.
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relatively fair safety outcomes. However, future questions arise about 
whether the DAA-induced SVR will produce persistent improvement 
in the liver function and decrease the risk of HCC in patients with 
advanced cirrhosis.
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Expertise as well as close monitoring is needed for treating patients 
with advanced liver disease by DAA therapy.

Interestingly, slight elevation of the serum ALT levels was 
observed in the non-CSPH cohort after week 8 (Figure 2B). Diverse 
adverse effects of the DAA therapy might cause this slight elevation 
of the ALT level. However, this explanation was inconsistent with the 
fact that there was no apparent elevation of the ALT levels in the CSPH 
cohort. Fatty liver did not seem to be the culprit because there was no 
difference in the BMI between the two cohorts (Table 1). Alcohol intake 
was strictly inhibited during the DAA therapy. We speculated that 
the eradication of HCV infection might reduce the inhibitory effects 
of HCV proteins on the adaptive immunity [6], and the consequent 
subtle change in the immunological and inflammatory environment 
might provoke some reactions, such as immune reconstitution 
inflammatory syndrome [11,12].

It was also surprising that the serum AFP levels showed rapid decline 
to the normal range in patients who achieved SVR (Figure 2F) [13]. An 
elevated AFP level is associated with an increased risk of HCC [14]. 
Post-interferon treatment, elevated ALT and AFP levels are associated 
with a risk of hepatocarcinogenesis in patients with chronic hepatitis 
C [15]. Today, it still remains elusive whether HCV eradication by 
interferon-free DAA therapy will ameliorate the further development 
of HCC. A recent study reported an unexpected high rate of HCC 
recurrence after HCV clearance with DAA therapy [16]. Our subjects 
were generally old-aged patients with cirrhosis and included a high 
proportion of patients with prior HCC. These patients are at high risk 
of recurrence or new development of HCC. It is important to follow 
up the patients after the therapeutic course carefully and to survey the 
development of HCC.

Direct measurement of HVPG was not performed in this study. 
It is an invasive procedure and not routinely performed during 
the daily clinical practice. Therefore, we employed the presence 
of gastroesophageal varices as a surrogate indicator of CSPH. As 
the cirrhosis progresses, the portal pressure increases beyond the 
threshold of CSPH resulting in the occurrence of gastroesophageal 
varices [17]. Seventy-two percent of the patients with CSPH had 
gastroesophageal varices. On the contrary, the presence of CSPH 
is established for patients with gastroesophageal varices via EGD 
[3]. Thus, we considered that the CSPH criterion adopted in 
this study is valid. In reality, the CSPH cohort had significantly 
worse hematological and biochemical data than the non-CSPH 
cohort did, indicating that the CSPH cohort suffered from more 
advanced cirrhosis. Of course, we must consider that CSPH does 
not always mean advanced cirrhosis. For example, unexpected large 
gastroesophageal varices may be observed in apparently compensated 
patients with portal vein thrombosis or primary biliary cholangitis.

Our study has several limitations. Numbers of the patients 
treated with sofosbuvir plus ledipasvir and sofosbuvir plus ribavirin 
were small. However, the purpose of this study was not to compare 
the treatment outcomes by each DAA regimen. The majority of the 
patients had HCV genotype 1b infection (90%), whereas 10% of the 
patients had genotype 2 infection, and no patients had genotype 1a 
or genotypes 3-6. The included patients were limited to Japanese. 
Moreover, only patients with compensated cirrhosis were enrolled 
in this study, thus the favorable efficacy and safety outcomes of this 
study could not be fully applied to the patients with decompensated 
cirrhosis. A recent clinical trial has reported that the newly approved 
DAA agents were able to treat HCV infection in patients with 
decompensated cirrhosis [7]. However, it is not completely known 
whether such new DAA agents can be safely adapted to the daily 
clinical practice.

In conclusion, interferon-free DAA therapy in HCV genotype 1b 
or 2-infected patients with compensated cirrhosis showed a high SVR 
rate, regardless of the concomitant CSPH. SVR was associated with 
gradual improvement in the hepatic function. This therapy revealed 
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