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ABSTRACT

Introduction: In patients with hepatitis C virus
(HCV) infection and decompensated cirrhosis
(DC), it is uncertain whether viral clearance is
clinically meaningful and whether it decreases
liver-related and non-liver-related mortality.
The aim of this study was to assess whether viral

eradication reduced liver-related and non-liver-
related mortality in patients with HCV infec-
tion and DC.
Methods: To clarify the impact of viral eradi-
cation on liver-related and non-liver-related
mortality, 364 patients with DC who received
direct-acting antivirals (DAAs) and achieved
sustained virological response (SVR) in the UK
(DAA group) were compared with 249 patients
with DC who did not receive DAAs and who
underwent symptomatic treatment in Japan
(non-DAA group). Propensity score matching
and inverse probability weighting (IPW) were
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performed to adjust the baseline characteristics
in the DAA and non-DAA groups. Liver-related
and non-liver-related mortality were analyzed
using the competing risks IPW cumulative
incidence functions estimator.
Results: The cumulative all-cause mortality
rate in the DAA group was significantly lower
than that in the non-DAA group (p\0.0001,
IPW-adjusted log-rank test). The cumulative
incidence rates of both liver-related and non-
liver-related mortality were significantly lower
in the DAA group than those in the non-DAA
group (p\ 0.0001 for both).
Conclusion: DAA-mediated viral eradication
reduced not only liver-related mortality but also
non-liver-related mortality in patients with
HCV infection and DC.

Keywords: Hepatitis C virus (HCV);
Decompensated cirrhosis; Direct-acting
antiviral (DAA); Sustained virological response
(SVR); Hepatocarcinogenesis; Liver-related
mortality; Non-liver-related mortality

Key Summary Points

Why carry out this study?

It is uncertain whether viral clearance is
meaningful and reduces liver-related and
non-liver-related mortality in patients
with hepatitis C virus (HCV) infection and
decompensated cirrhosis (DC).

The aim of this study was to assess
whether viral eradication reduced liver-
related and non-liver-related mortality in
patients with HCV infection and DC.

What was learned from the study?

Eradication of HCV reduced not only liver-
related mortality but also non-liver-
related mortality in patients with
hepatitis C virus infection and DC.

Patients with HCV infection and DC
should be actively treated with antiviral
therapy whenever possible, regardless of
liver function.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14258693.

INTRODUCTION

One of the most severe sequelae of chronic
infection with the hepatitis C virus (HCV) is
decompensated cirrhosis (DC) [1, 2]. Patients
with DC have a poor prognosis and treatment
options remain limited. Complications of DC
include jaundice, variceal hemorrhage, ascites,
and encephalopathy. Interferon-based treat-
ment has not been recommended for HCV-in-
fected patients with DC because of the severity
of adverse effects in this population [3, 4].
However, the introduction of oral direct-acting
antiviral (DAA)-based HCV therapy has dra-
matically increased the number of patients who
are eligible for antiviral therapy, and high
response rates can be achieved with various
combination treatment regimens [5, 6].

Viral eradication in patients with HCV
infection and chronic hepatitis or compensated
cirrhosis reduces all-cause mortality, including
liver-related and non-liver-related mortality
[7–9]. In a previous study of patients with DC,
viral eradication was associated with a rapid
improvement in liver function and complica-
tions [10, 11]. Two previous studies in patients
with DC enrolled in a UK hepatitis C registry,
HCV Research UK, had a follow-up period of less
than 12 months [12, 13]. Therefore, in patients
with HCV infection and DC, it is uncertain
whether viral clearance is meaningful and
whether it reduces liver-related and non-liver-
related mortality.

The aim of this study was to assess whether
viral eradication decreased liver-related and
non-liver-related mortality in patients with
HCV infection and DC. The treatment cohort,
which was enrolled in the HCV Research UK
registry, received DAA therapy, achieved sus-
tained virological response (SVR), and was then
prospectively followed for 3 years. The no-
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treatment cohort was enrolled at one hospital
in Japan and included only patients who did
not receive DAAs.

METHODS

Ethics

Ethics approval for HCV Research UK was given
by the National Research Ethics Service (NRES)
Committee East Midlands—Derby 1 (Research
Ethics Committee reference 11/EM/0314), and
the proposal for the analysis reported herein
was accepted by the HCV Research UK Tissue
and Data Access committee in January 2019
(Request No. TR000444). Informed consent was
obtained from each patient included in the UK
group. The requirement for consent to partici-
pate in the Japanese group was waived by the
ethics committee because of the retrospective
nature of the study. The study protocol was also
approved by the institutional review board of
Ogaki Municipal Hospital in March 2019 and
was conducted in compliance with the Helsinki
Declaration.

Patients

Between May 2014 and September 2015, 653
patients with a history of DC who received DAA
therapy were enrolled in the HCV Research UK
registry for prospective data collection. Inclu-
sion criteria for DC comprised ascites, variceal
bleeding, jaundice, or hepatic encephalopathy
(past or current). Treatment involved mainly
ledipasvir/sofosbuvir, sofosbuvir/daclatasvir, or
other regimens with or without ribavirin for a
total of 12 weeks. The overall SVR rates of
intention-to treat was 86.2% (563/653). Of the
653 patients, 364 patients were analyzed as the
‘‘DAA group.’’ (Fig. 1).

As a control, an untreated cohort of patients
with decompensated HCV cirrhosis who did not
receive DAA therapy and who underwent
symptomatic treatment was studied at Ogaki
Municipal Hospital in Japan between 2000 and
2007. Of 2981 consecutive patients whose data
were collected retrospectively, 249 patients were

enrolled as the control ‘‘non-DAA group’’
(Fig. 1).

Observation was started on the first day of
DAA treatment in the DAA group and on the
day of DC diagnosis in the non-DAA group.
Observation was terminated on the day of death
or the last visit in both groups.

At the start of follow-up, alanine amino-
transferase (ALT), aspartate aminotransferase
(AST), platelet count, albumin, total bilirubin,
prothrombin time-international normalized
ratio (PT-INR), creatinine, and estimated
glomerular filtration rate (eGFR) [14] were
measured in all patients. The FIB-4 score was
calculated at the start of follow-up according to
Vallet-Pichard et al. [15]. Patients with a FIB-4
score greater than 3.25 were defined as having
extensive fibrosis [16]. In addition, the Child–-
Pugh classification, Child–Pugh score, model
for end-stage liver disease (MELD) score, and
albumin–bilirubin (ALBI) grade were used as
indicators of liver function [3]. The ALBI grade
was calculated according to Johnson et al. [17].
The continuous linear predictor was further
categorized into three different grades for
prognostic stratification purposes, as previously
described: grade 1 (less than - 2.60), grade 2
(between - 2.60 and - 1.39), and grade 3
(above - 1.39) [17]. SVR was defined as unde-
tectable serum HCV RNA at 12 weeks after the
end of treatment. Diabetes mellitus (DM) was
diagnosed on the basis of the criteria of the
American Diabetes Association [18]. Excessive
alcohol consumption was defined as more than
80 g of ethanol per day.

In this study, causes of death were divided
into liver-related disease, which included HCC,
liver failure, and variceal bleeding, and non-
liver-related disease. Causes of death in the UK
were determined from the descriptions in the
HCV Research UK database. Causes of death of
patients who died at Ogaki Municipal Hospital
in Japan were retrospectively identified by
reviewing medical records; for patients who
died elsewhere, for example in other hospitals,
hospices, or their own homes, information
regarding cause of death was obtained from the
attending physician or the family physician.
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Statistical Analysis

Continuous variables were expressed as medi-
ans (the first to third quartiles). The
Mann–Whitney U test was used to assess con-
tinuous variables. Fisher’s exact test was used to
evaluate categorical variables.

Multivariate Cox proportional hazards
models were used to analyze factors related to
hepatocarcinogenesis and all-cause mortality.
Fine and Gray proportional hazards models for
the subdistribution of a competing risk were
used to analyze factors related to liver-related,
non-liver-related mortality, and transplantation
[19]. Liver transplantation was not included in
this analysis because it was very small in the
non-DAA group (Table 1). The analyzed factors
were age, gender, body mass index (BMI), alco-
hol abuse (presence or absence), DM (presence
or absence), ascites (presence or absence), hep-
atic encephalopathy (presence or absence),
antiviral therapy (DAA vs. non-DAA), AST, ALT,
total bilirubin, albumin, platelet count, PT-INR,
and creatinine.

In this study, we performed propensity score
matching since the baseline characteristics were
different between the DAA and non-DAA group.
The multivariate logistic regression model for
propensity score matching comprised the

following parameters: age, gender, BMI, alcohol
abuse, DM, ascites, hepatic encephalopathy,
AST, ALT, total bilirubin, albumin, platelet
count, PT-INR, and creatinine. Weights were
truncated at the 99th percentile to prevent
sparse data (weights could range from 0 to
infinity, and those that were extreme outliers
were deleted). After the propensity score was
established, we applied inverse probability
weighting (IPW), which was defined as 1/
(propensity score) for the DAA group and 1/
(1 - propensity score) for the non-DAA group
[20]. We estimated the rates of hepatocarcino-
genesis and all-cause mortality using IPW as a
treatment effect. Differences were tested using
the IPW-adjusted log-rank test. In the presence
of competing events, including liver-related and
non-liver-related mortality, the naı̈ve Kaplan–-
Meier (KM) estimator derived by censoring
competing events does not correctly estimate
the cumulative incidence function (CIF) for the
events of interest (referred to as the KM CIF
estimator). To appropriately account for the
competing events, IPW-adjusted CIFs (referred
to as the competing risks CIF estimators) were
calculated according to the report of Bolch et al.
[21].

Statistical significance was defined as
p\0.05. All statistical analyses were performed

Fig. 1 Flowchart of the patient selection process. HCV hepatitis C virus, DAA direct-acting antiviral, SVR sustained
virological response, HCC hepatocellular carcinoma
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Table 1 Comparison of baseline characteristics between the DAA and non-DAA groups

DAA group (n = 364) Non-DAA group (n = 249) p value

Age (years) 54 (48–59) 70 (64–74) \ 0.001

Gender (male) 262 (72.0) 136 (54.6) \ 0.001

Race

Asian 36 (9.69) 248 (100.0) \ 0.001

White 304 (83.5) 0 (0.0)

Black 8 (2.2) 0 (0.0)

Others 16 (4.4) 0 (0.0)

Diabetes mellitus 74 (20.3) 126 (50.2) \ 0.001

Alcohol abuse 181 (49.7) 17 (6.8) \ 0.001

Smoking 255 (75.0) 57 (31.8) \ 0.001

Hepatic encephalopathy 121 (33.2) 31 (12.4) \ 0.001

Ascites 271 (74.5) 228 (91.6) \ 0.001

Child–Pugh classification

A 50 (13.7) 36 (14.5) 0.292

B 276 (75.8) 177 (71.1)

C 38 (10.4) 36 (14.5)

Child–Pugh score 7 (7–8) 8 (7–9) 0.001

MELD score 11.5 (9.2–13.9) 10.3 (7.5–12.9) 0.001

BMI (kg/m2) 27.0 (24.0–30.7) 22.1 (20.3–24.7) \ 0.001

Genotypea

1 193 (53.5) 152 (74.1) \ 0.001

2 16 (4.4) 53 (25.9)

3 129 (35.7) 0 (0.0)

4 23 (6.4) 0 (0.0)

ALT (U/L) 52 (34–79) 35 (23–55) \ 0.001

AST (U/L) 80 (55–117) 52 (36–77) \ 0.001

Platelet count (9 104/lL) 7.4 (5.6–10.4) 10.7 (7.1–16.0) \ 0.001

FIB-4 score 7.87 (5.03–12.79) 5.82 (3.38–9.36) \ 0.001

B 3.25 26 (7.1) 61 (24.5) \ 0.001

[ 3.25 338 (92.9) 188 (75.5)

Albumin (g/dL) 3.1 (2.8–3.5) 3.0 (2.7–3.5) 0.017

Total bilirubin (mg/dL) 1.6 (1.0–2.3) 1.1 (0.6–1.9) \ 0.001

ALBI score - 1.74 (- 2.14 to - 1.39) - 1.77 (- 2.20 to - 1.37) 0.523
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with EZR (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), which is a
graphical user interface for R (R Foundation for
Statistical Computing, Vienna, Austria) [22].
More precisely, it is a modified version of R
commander designed to add statistical func-
tions frequently used in biostatistics.

RESULTS

Differences in Baseline Patient
Characteristics Between DAA and Non-
DAA Groups

Table 1 shows the characteristics of patients in
both the DAA and non-DAA groups. The DAA
group had a higher frequency of men, alcohol
abuse, smoking, and hepatic encephalopathy,
and higher values for the MELD score, BMI,

ALT, AST, FIB-4 score, albumin, total bilirubin,
eGFR, and PT-INR. By contrast, the non-DAA
group had a higher frequency of DM and
ascites, as well as greater age and higher values
for Child–Pugh score and platelet count. The
percentages of patients with HCV genotypes 1,
2, 3, and 4 in the DAA and non-DAA groups
were 53.5% (n = 193) and 74.1% (n = 152),
4.4% (n = 16) and 25.9% (n = 53), 35.7%
(n = 129) and 0.0% (n = 0), and 6.4% (n = 24)
and 0.0% (n = 0), respectively, indicating a sig-
nificant difference between the two groups
(p\ 0.0001). The two groups also differed sig-
nificantly in the proportion of patients who had
undergone liver transplantation (p\ 0.0001).
The proportions of individuals with liver-re-
lated versus non-liver-related death were 39.6%
and 60.4% in the DAA group, respectively, and
50.6% and 19.4% in the non-DAA group,
respectively, indicating no difference between

Table 1 continued

DAA group (n = 364) Non-DAA group (n = 249) p value

ALBI grade

1 29 (8.0) 34 (10.6) 0.890

2 244 (67.0) 207 (64.7)

3 91 (25.0) 79 (24.7)

Creatinine (mg/dL) 0.76 (0.66–0.93) 0.70 (0.60–1.01) 0.082

eGFR (mL/min/1.73 m2) 76.3 (60.1–93.4) 73.2 (53.7–89.7) 0.001

PT-INR 1.30 (1.10–1.40) 1.13 (0.99–1.30) \ 0.001

Liver transplantationb 38 (10.4) 2 (0.6) \ 0.001

Occurrence of HCC 15 (4.1) 49 (19.7) \ 0.001

Deaths 48 (23.5) 156 (76.5) \ 0.001

Liver-related death 19 (39.6) 79 (50.6) 0.191

Non-liver-related death 29 (60.4) 77 (49.4)

Observation period (years) 1.75 (0.71–3.05) 2.96 (1.07–5.79) \ 0.001

Continuous values are expressed as medians (the first to third quartiles)
DAA direct-acting antiviral, MELD model for end-stage liver disease, BMI body mass index, ALT alanine aminotransferase,
AST aspartate aminotransferase, ALBI albumin–bilirubin, eGFR estimated glomerular filtration rate, PT-INR prothrombin
time-international normalized ratio, HCC hepatocellular carcinoma
a Data missing for three patients in DAA group and 44 in non-DAA group
b Thirty patients received DAA therapy before liver transplantation
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the two groups. Causes of liver-related and non-
liver-related death are shown in Table 2. Details
regarding supportive therapies are shown in
Table 3. The calculated propensity scores of
patients in the DAA and non-DAA groups were
0.94 (0.80–0.99) and 0.13 (0.05–0.30), respec-
tively (p\ 0.0001, Supplementary Fig. 1).

Factors Associated
with Hepatocarcinogenesis

Factors associated with hepatocarcinogenesis
were analyzed using Cox’s proportional hazards
model (Table 4). The analyzed factors were age,
gender, BMI, alcohol abuse, DM, ascites, hepatic
encephalopathy, antiviral therapy, AST, ALT,
total bilirubin, albumin, platelet count, PT-INR,
and creatinine. High serum albumin (adjusted
hazard ratio [aHR] 0.650, 95% confidential
interval [CI] 0.426–0.990, p = 0.0456) and SVR
(aHR 0.521, 95% CI 0.298–0.972, p = 0.0452)
were independently associated with hepatocar-
cinogenesis. Figure 2a shows that the IPW-ad-
justed cumulative hepatocarcinogenesis rates in
the DAA and non-DAA groups were 0.0% and
2.3% at 1 year, respectively, 2.2% and 7.5% at
2 years, respectively, and 8.4% and 12.9% at
3 years, respectively, indicating a significant
difference (p\0.0001, IPW-adjusted log-rank
test).

Factors Associated with All-Cause
Mortality

Factors associated with all-cause mortality were
analyzed using Cox’s proportional hazards
model (Table 4). The analyzed factors were the
same as those for all-cause mortality. High
serum albumin (aHR 0.671, 95% CI
0.517–0.869, p = 0.0025) and SVR (aHR 0.492,
95% CI 0.302–0.801, p = 0.0044) were inde-
pendently associated with all-cause mortality.
Figure 2b shows that the IPW-adjusted cumu-
lative all-cause mortality rates in the DAA and
non-DAA groups were 5.0% and 16.2% at
1 year, respectively, 12.3% and 23.6% at 2 years,
respectively, and 17.6% and 34.2% at 3 years,
respectively, indicating a significant difference
(p\ 0.0001, IPW-adjusted log-rank test).

Factors Associated with Liver-Related
Mortality

Table 4 shows the factors associated with liver-
related mortality according to Fine and Gray
proportional hazards models. The analyzed
factors were the same as those for all-cause

Table 2 Summary of liver-related and non-liver-related
deaths by cause

Cause of death Clearance
group
(n = 48)

No clearance group
(n = 156)

Liver-related

deaths

19 79

HCC 1 37

Liver failure 17 42

Gastrointestinal

bleeding

1 0

Non-liver-related

deaths

29 77

Malignant

neoplasm

4 lung, 1

pancreas

4 lung, 18 digestive

tract, 3 pancreas, 2

nonsolid, 1

thyroid, 1 ovary, 1

prostate

Cardiac disorder 7 14

Infection 3 pneumonia,

4 sepsis

5 pneumonia, 6

sepsis, 1 peritonitis

Nervous system

disorder

3 6

Gastrointestinal

disorder

2 5

Injury 2 3

Renal disorder 2 3

Respiratory

disorder

1 1

Vascular

disorder

0 3

DAA direct-acting antiviral, HCC hepatocellular
carcinoma
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mortality. Multivariate analysis showed that
high serum albumin (aHR 0.503, 95% CI
0.355–0.712, p = 0.0001), high serum creatinine
(aHR 0.641, 95% CI 0.482–0.822, p = 0.0022),
and SVR (aHR 0.326, 95% CI 0.143–0.743,
p = 0.0077) were independently associated with
liver-related mortality. Figure 2c shows that the
IPW-adjusted cumulative incidence rates of
liver-related mortality with and without DAA

therapy were 2.6% and 7.5% at 1 year, respec-
tively, 6.2% and 10.5% at 2 years, respectively,
and 7.4% and 18.0% at 3 years, respectively,
indicating a significant difference between the
two groups (p\0.0001, IPW-adjusted log-rank
test).

Table 3 Supportive therapies for decompensated cirrhosis

DAA group (n = 364) Non-DAA group (n = 249) p

Diuretics 177 (48.6) 146 (58.6) 0.017

Lactulose or lactitol 71 (19.5) 58 (23.3) 0.268

Antibiotics 31 (8.5) 32 (12.8) 0.104

BCAA 0 (0.0) 77 (30.9) \ 0.001

Beta-blockers 108 (26.7) 9 (3.6) \ 0.001

Blood products 14 (3.8) 76 (30.5) \ 0.001

DAA direct-acting antiviral, BCAA branched-chain amino acid

Table 4 Factors associated with hepatocarcinogenesis and all-cause, liver-related, and non-liver-related mortality

Hazard ratio 95% confidence interval p values

Factors associated with hepatocarcinogenesis

Albumin (g/dL) 0.650 0.426–0.990 0.0456

SVR 0.521 0.298–0.972 0.0452

Factors associated with all-cause mortality

Albumin (g/dL) 0.671 0.517–0.869 0.0025

SVR 0.492 0.302–0.801 0.0044

Factors associated with liver-related mortality

Albumin (g/dL) 0.503 0.355–0.712 0.0001

Creatinine (mg/dL) 0.641 0.482–0.822 0.0022

SVR 0.326 0.143–0.743 0.0077

Factors associated with non-liver-related mortality

Creatinine (mg/dL) 1.167 1.047–1.301 0.0051

SVR 0.520 0.326–0.829 0.0060

SVR sustained virological response
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Factors Associated with Non-Liver-Related
Mortality

Table 4 shows the factors associated with non-
liver-related mortality according to Fine and
Gray proportional hazards models. The ana-
lyzed factors were the same as those for all-cause

mortality. Multivariate analysis showed that
high creatinine (aHR, 1.167, 95% CI,
1.047–1.301, p = 0.0051) and SVR (aHR, 0.520,
95% CI, 0.326–0.829, p = 0.0060) were inde-
pendently associated with non-liver-related
mortality. Figure 2d shows that the IPW-ad-
justed cumulative incidence rates of non-liver-

Fig. 2 Rates of hepatocarcinogenesis and all-cause, liver-
related, and non-liver-related mortality with and without
DAA therapy and adjusted by IPW. a The cumulative
hepatocarcinogenesis rates in the DAA and non-DAA
groups were 0.0% and 2.3% at 1 year, respectively, 2.2%
and 7.5% at 2 years, respectively, and 8.4% and 12.9% at
3 years, respectively, indicating a significant difference
between the two groups (p\ 0.0001, IPW-adjusted log-
rank test). b The cumulative all-cause mortality rates in the
DAA and non-DAA groups were 5.0% and 16.2% at
1 year, respectively, 12.3% and 23.6% at 2 years, respec-
tively, and 17.6% and 34.2% at 3 years, respectively,
indicating a significant difference between the two groups
(p\ 0.0001, IPW-adjusted log-rank test). c The

cumulative incidence rates of liver-related mortality with
and without DAA therapy were 2.6% and 7.5% at 1 year,
respectively, 6.2% and 10.5% at 2 years, respectively, and
7.4% and 18.0% at 3 years, respectively, indicating a
significant difference between the two groups (p\ 0.0001,
IPW-adjusted log-rank test). d The cumulative incidence
rates of non-liver-related mortality with and without DAA
therapy were 2.5% and 9.9% at 1 year, respectively, 6.1%
and 13.1% at 2 years, respectively, and 10.1% and 17.5% at
3 years, respectively, indicating a significant difference
between the two groups (p\ 0.0001, IPW-adjusted log-
rank test). DAA direct-acting antiviral, IPW inverse
probability weighting, SVR sustained virological response
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related mortality with and without DAA ther-
apy were 2.5% and 9.9% at 1 year, respectively,
6.1% and 13.1% at 2 years, respectively, and
10.1% and 17.5% at 3 years, respectively, indi-
cating a significant difference between the two
groups (p\ 0.0001, IPW-adjusted log-rank test).

DISCUSSION

The advent of highly effective DAA drugs has
transformed the treatment options for HCV-in-
fected patients with DC [11, 12]. In this study,
we examined the results of a 12-week course of
antiviral therapy in a large, heterogeneous
group of patients with DC or life-threatening
complications of HCV infection in the UK (the
HCV Research UK registry), and compared the
outcomes of this group, who received DAAs and
achieved SVR, with a group of patients in Japan
who were not treated with DAAs. We found that
after adjustment for potential confounding
factors, viral eradication reduced not only liver-
related mortality but also non-liver-related
mortality in patients with HCV infection and
DC.

Hepatocarcinogenesis was associated with
low serum albumin and no viral eradication.
Calvaruso et al. reported that patients treated
with DAA therapy had a lower incidence of
HCC if they achieved SVR than if they did not
[23]. All-cause mortality in this population was
associated with low serum albumin and no viral
eradication. There has previously been little
information on how liver-related and non-liver-
related mortality are affected by viral eradica-
tion in patients with HCV infection and DC.
This study showed that in these patients, liver-
related mortality was associated with low serum
albumin, high serum creatinine, and no viral
eradication. Prognosis was closely related to
HCV clearance, and the HR of the DAA group
was about one-fourth of that in the non-DAA
group. It is clear that eradicating HCV is very
important to reduce liver-related mortality.
Impaired liver function, as indicated by albu-
min level, was associated with increased liver-
related mortality. Judging from these results, it
is considered that antiviral therapy should be
started as early as possible during the period of

mild liver injury. On the other hand, in this
study, non-liver-related mortality was associ-
ated with low serum creatinine and no viral
eradication. Many previous studies involving
long-term follow-up of individuals receiving
IFN-based therapy showed that viral eradication
reduced not only liver-related mortality but also
non-liver-related mortality in patients with
chronic hepatitis and compensated cirrhosis
[7–9]. Our study is the first to show that viral
eradication reduces non-liver-related mortality
even in patients with HCV infection and DC.
HCV infection has been recognized as a sys-
tematic disease with both hepatic and extra-
hepatic manifestations [24, 25]. Chronic HCV
infection is associated with pathophysiological
changes outside the liver, including those
involving the metabolic, cardiovascular, and
neurological systems, as well as autoimmune
and immune-mediated conditions such as
mixed cryoglobulinemia, thyroid disease, and
glomerulonephritis. Studies have also shown
that treatment to eradicate HCV infection may
improve some extrahepatic manifestations of
HCV independently of the severity of underly-
ing liver disease [26, 27]. In this study, low
serum creatinine was associated with increased
mortality related to liver disease, and high
serum creatinine was associated with increased
mortality caused by non-liver-related disease.
We consider this result to be a reciprocal
change. It is presumed that extrahepatic disease
such as renal dysfunction worsened before the
progression to liver failure, resulting in deaths
unrelated to liver disease [28].

The main limitation of this study was the
difference in characteristics between the treated
and control subjects. Untreated Japanese
patients with DC were selected on the basis of
the same criteria as treated patients in the UK.
While it would have been preferable to conduct
a randomized controlled trial of treatment ver-
sus no treatment, this would have been uneth-
ical. There were significant differences in the
background factors of the DAA group in the UK
and the non-DAA group in Japan. Patients in
Japan were an average of 16 years older and
were more likely to be men and to have DM
than those in the UK. In contrast, patients in
the UK had a higher BMI and higher rates of
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alcohol abuse and smoking than those in Japan.
Genotype 3 was present in the UK, but not in
Japan. Liver transplantation is uncommon in
Japan because most patients are elderly and
many Japanese tend to refuse organ donation
by themselves or their relatives because of reli-
gious and cultural issues. By contrast, approxi-
mately 10% of patients received a liver
transplant in the UK. However, there was no
difference between the two groups in Child–-
Pugh class, ALBI score, or ALBI grade, all of
which were used as indicators of liver function.
The FIB-4 score, used as a marker of fibrosis, was
higher in the UK than in Japan. In order to
reduce the confounding effects of covariates, we
used propensity score matching based on age,
gender, BMI, alcohol abuse (presence or
absence), DM (presence or absence), ascites
(presence or absence), hepatic encephalopathy
(presence or absence), AST, ALT, total bilirubin,
albumin, platelet count, PT-INR, and creatinine.
We then applied IPW to Kaplan–Meier analysis
of hepatocarcinogenesis and all-cause mortality
to adjust for potential imbalances between the
DAA and non-DAA groups [20]. In addition,
IPW cumulative incidence functions were cal-
culated to appropriately account for competing
events, including liver-related and non-liver-
related mortality [21]. The results of the analysis
demonstrated that the DAA group survived
longer than the non-DAA group despite their
different background factors. However, the
findings of the propensity score analyses might
have been limited by biases related to unmea-
sured and hidden covariates (e.g., mental illness
and risky drug behaviors). A second limitation is
the presence of racial differences. The rates of
chronic HCV infection, response to treatment,
and development of complications differ
among different racial and ethnic groups. Afri-
can Americans demonstrated a lower rate of
SVR to DAA treatment for HCV infection [29].
In addition, African Americans and Asians with
HCV were shown to have a two-fold and four-
fold increased risk, respectively, of developing
HCC when compared to Caucasians [30]. That
study did not compensate for differences in
race. No host or viral genetic differences have
yet been identified to explain the racial dispar-
ities in the incidence of chronic HCV, response

to treatment, or development of HCC. In our
study, we were unable to correct for racial and
ethnic differences. A third limitation of our
study is that the duration of follow-up was
short, making it impossible to assess long-term
outcomes associated with DAAs. Nevertheless,
an inverse relation was noted between treat-
ment with DAAs and both liver-related and
non-liver-related mortality in patients with DC
over this short-term follow-up period, and a
longer duration of follow-up would probably
not change these findings.

There were some patients with compensated
cirrhosis in both groups. Specifically, 13.7% of
patients in the UK (DAA group) and 14.5% of
patients in Japan (non-DAA group) were
Child–Pugh class A at baseline, but had past
decompensation events.

CONCLUSION

SVR obtained by DAA therapy for DC prolongs
survival. Moreover, this effect applies not only
to liver-related mortality but also to non-liver-
related mortality.
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