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BACKGROUNDS AND AIMS: Cirrhosis and hepatocellular car-
cinoma (HCC) are potentially fatal complications of chronic
hepatitis C virus (HCV) infection. We investigated how
compensated cirrhosis and a history of curatively treated HCC
influenced patient mortality after HCV eradication, that is,
sustained virologic response (SVR). METHODS: We studied
5458 patients with confirmed SVR who were prospectively
followed up for more than 1 year after SVR achieved with
direct-acting antivirals. Mortality and the incidence of HCC
development after SVR were analyzed based on the presence or
absence of compensated cirrhosis or a history of curatively
treated HCC before the start of therapy. RESULTS: Mortality
and the incidence of post-SVR HCC were significantly higher in
patients with compensated cirrhosis and those with a history of
curatively treated HCC than in those without these
Abbreviations used in this paper: CI, confidence interval; DAA, direct-
acting antiviral; HBV, hepatitis B virus; HCC, hepatocellular carcinoma;
HCV, hepatitis C virus; PSM, propensity score matching; SVR, sustained
virologic response.
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complications. Multivariate analysis showed that a history of
HCC was associated with high mortality after SVR. In patients
with no history of HCC, cirrhosis was associated with high
mortality. Although both liver-related and nonliver-related
mortality rates were significantly higher in patients with a
history of HCC or cirrhosis, nonliver-related mortality did not
differ based on HCC history, and liver-related and nonliver-
related mortality were comparable regardless of cirrhosis af-
ter propensity score matching with age, gender, alcohol intake,
and comorbidities. CONCLUSION: Mortality after SVR was
significantly higher in patients with compensated cirrhosis or a
history of HCC. While a history of HCC significantly increased
mortality after SVR, even following curative treatment, the
impact of pre-SVR compensated cirrhosis on post-SVR mortality
was modest.
Keywords: Hepatitis C Virus; Sustained Virologic Response;
Hepatocellular Carcinoma; Mortality; Cirrhosis
Introduction
irrhosis and hepatocellular carcinoma (HCC) are 2
Cmain complications of chronic hepatitis C virus

(HCV) infection. A primary reason to eradicate HCV is to
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prevent these conditions because both increase mortality.
The recent use of oral direct-acting antivirals (DAAs) to
eradicate HCV has dramatically improved antiviral efficacy
and tolerability, and the proportion of patients who achieve
sustained virologic response (SVR) has markedly increased.
Of note, regimens using DAAs also show high tolerability in
elderly patients, those with cirrhosis or HCC, and those with
other comorbidities such as diabetes or hypertension.
Studies of DAA regimens have demonstrated comparable
SVR rates in patients with and without compensated
cirrhosis, indicating the high virological efficacy of these
drugs in patients with compensated cirrhosis.1,2 Although
one previous study reported reduced SVR rates in patients
with HCC,3 several recent studies showed comparable viro-
logical efficacy in patients with and without HCC when HCC
was treated curatively and was inactive.4,5 Thus, both
compensated cirrhosis and inactive HCC seem to have little
impact on the ability of DAA therapy to eradicate HCV.

However, cirrhosis or HCC may unfavorably influence
the survival of patients who achieve SVR, even when
cirrhosis is in a compensated stage and HCC is treated
curatively. Furthermore, when these complications are
present before the start of DAA therapy, it is unclear how
they, among the other comorbidities, impact the mortality of
post-SVR patients with HCV infection. In Japan in particular,
where most patients with SVR are elderly and the majority
have several comorbidities, it is unclear whether these liver-
related complications still influence mortality after SVR. In
this large, multicenter cohort of patients in Japan who
achieved HCV eradication by DAA therapy, we sought to
elucidate the impact of compensated cirrhosis or a history of
curatively treated HCC on mortality after SVR.
Patients and Methods
Patients

A total of 6201 patients underwent interferon-free DAA-
based anti-HCV therapy between October 2012 and
December 2018 at one of the following 16 institutions
across Japan: Asai General Hospital, Ehime Prefectural
Central Hospital, Jikei University Katsushika Hospital,
Kagawa Prefectural Central Hospital, Kikkoman General
Hospital, Kitasato University Hospital, Nagoya City Univer-
sity Hospital, Nippon Medical School Hospital, Nippon
Medical School Chiba Hokusoh Hospital, Ogaki Municipal
Hospital, Otakanomori Hospital, Saiseikai Niigata Hospital,
Shinmatsudo Central General Hospital, St. Marianna Uni-
versity Hospital, Teine Keijinkai Hospital, and Yokohama
City University Medical Center. Some patients underwent
DAA therapy in the context of clinical trials. SVR was
confirmed by the absence of serum HCV RNA at 12 weeks
after the end of DAA therapy (ie, SVR12) in 5794 patients,
and 5458 patients were continuously followed up for more
than 1 year. We excluded 336 patients whose follow-up
period after SVR was <1 year because post-SVR HCC
within 1 year after SVR might have existed before SVR. We
enrolled these 5458 patients in this study (Figure A1). The
presence of compensated cirrhosis was clinically deter-
mined by attending hepatologists based on the results of
imaging and endoscopic studies, including the presence of
esophageal/gastric varices, collateral veins due to portal
hypertension, and splenomegaly. Laboratory liver fibrosis
markers such as the FIB-4 index6 or aspartate aminotrans-
ferase platelet ratio index7 and liver stiffness determined by
ultrasonographic or magnetic resonance elastography were
also taken into consideration. Patients with decompensated
cirrhosis were not included in this study because the use of
DAAs was not allowed in this population in Japan during the
study period. Curatively treated HCC was defined as HCC
treated by resection or locoregional ablation, and patients
were confirmed to have no residual intrahepatic or extra-
hepatic liver tumors on computed tomography or magnetic
resonance imaging scans before the start of DAA therapy.
Patients with active HCC were not included in this study
because the use of DAAs is not permitted in this population
in Japan.

The study protocol was approved by the institutional
review board of each participating hospital. Written
informed consent was waived for this descriptive, obser-
vational study.
Post-SVR Follow-Up and Outcomes
All patients were followed up after SVR; they regularly

underwent ultrasonography and laboratory testing,
including measurements of tumor markers, and computed
tomography or magnetic resonance imaging was planned if
necessary. Principally, patients with a history of curatively
treated HCC were followed up every 3 months with labo-
ratory tests and every 6 months with imaging studies for the
first 5 years after treatment of HCC and every 6 months
thereafter. Patients with no history of HCC were followed up
every 6 months with laboratory tests and imaging studies.
When a liver nodule was detected, further imaging and
laboratory examinations for the diagnosis of HCC were
conducted. Diagnosis and treatment of HCC were based on
Japanese guidelines.8

Patients were followed up from the time of SVR confir-
mation by negative serum HCV RNA at SVR12 until the last
visit before the end of October 2020, and their outcomes
were measured. Causes of death during the study were
categorized as liver related or nonliver related.
Statistical Analysis
For comparisons of baseline characteristics between

patient groups, differences in distribution were analyzed
using the chi-square test, and differences in quantitative
values were analyzed using the Mann–Whitney U test.
Multivariate analyses with the Cox proportional hazard
model were performed for factors associated with the
development of HCC or death after SVR. Factors potentially
associated with the post-SVR HCC development or mortality,



Table 1. Baseline Characteristics of the Study Patients
(N ¼ 5458)
Age (y) 68 (59–75)

Gender (male/female) 2603 (47.7)/2855 (52.3)

Compensated cirrhosisa

(absent/present)
3945 (72.3)/1513 (27.7)

History of curatively
treated hepatocellular
carcinoma (no/yes)

4854 (88.9)/604 (11.1)

Coinfection with hepatitis
B virus (no/yes)

5146 (99.2)/42 (0.8)

Regular alcohol intake (no/
yes)

4266 (78.2)/1192 (21.8)

Diabetes (no/yes) 4373 (80.1)/1085 (19.9)

Hypertension (no/yes) 3495 (64.0)/1963 (36.0)

HCV genotype (1/2/other,
mixb)

3904 (71.5)/1539 (28.2)/14
(0.3)

Platelet count (103/mL) 156 (113–199)

Alanine aminotransferase
(IU/L)

37 (24–62)

Aspartate
aminotransferase
(IU/L)

40 (28–61)

FIB-4 index 2.98 (1.89–4.99)

APRI 0.78 (0.45–1.50)

Treatment regimen (DCV-
ASV/LDV-SOF/OMV-
PRV-Rit/EBR-GPR/
DCV-ASV-BCV/SOF-
RBV/OMV-PRV-Rit-
RBV/GLE-PIB)

1382 (25.3)/1641 (30.1)/
359 (6.6)/318 (5.8)/29

(0.5)/1237 (22.7)/83 (1.5)/
409 (7.5)

Values in parentheses are interquartile ranges or
percentages.
APRI, aspartate aminotransferase–platelet ratio index; DCV,
daclatasvir; ASV, asunaprevir; LDV, ledipasvir; SOF, sofos-
buvir; OMV; ombitasvir; PRV, paritaprevir; Rit, ritonavir;
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including patient age, gender, hepatitis B virus (HBV) coin-
fection, regular alcohol intake, presence of diabetes, pres-
ence of hypertension, compensated cirrhosis, and history of
curatively treated HCC, were included in the multivariate
analysis. To compare the incidences of HCC development
and mortality after SVR, the Kaplan–Meier method and log-
rank test were used. Actuarial analysis of cumulative mor-
tality from cause of death category (liver-related mortality
and nonliver-related mortality) was performed using cu-
mulative incidence with the competing risks method, and
differences across groups were tested using the Gray test.
The date of the definition of SVR (SVR12, 12 weeks after the
end of DAA therapy) was defined as time 0 for calculations
of the incidence of HCC development or mortality. In the
analysis of the incidence of HCC after SVR, patients who
developed HCC after SVR were not censored, whereas those
with no HCC development were censored. The observation
period ended on the date of HCC development in non-
censored cases and the date of the last visit in censored
cases. In the analysis of mortality incidence, patients who
died after SVR were not censored, whereas those who sur-
vived were censored. The observation period ended on the
date of death in noncensored cases and the date of the last
visit in censored cases. Propensity score matching (PSM)
involving one-to-one pairing of patients was performed with
propensity scores matched at 2 decimal places. PSM was
conducted based on age, gender, HBV coinfection, regular
alcohol intake, presence of diabetes, and presence of hy-
pertension with calibration of 0.2. Statistical analysis was
performed using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna,
Austria). All P values were derived from 2-tailed tests, with
P < .05 accepted as statistically significant.
EBR, elbasvir; GPR, grazoprevir; BCV, beclabuvir; GLE,
glecaprevir; PIB, pibrentasvir.
aCompensated cirrhosis was defined clinically by imaging
and endoscopic study findings, including the presence of
esophageal/gastric varices, collateral veins due to portal
hypertension, and splenomegaly. Patients with decom-
pensated cirrhosis were not included in this study because
the use of DAAs was not allowed in patients with decom-
pensated cirrhosis in Japan during the study period.
bIncluding HCV genotype 3 (n ¼ 8), genotypes 1 and 2 (n ¼
3), and genotypes 1 and 3 (n ¼ 1).
Results
Background Characteristics of Study Patients

Table 1 lists the background characteristics of study
patients at the start of DAA therapy. Patients consisted of
2603 (47.7%) males and 2855 (52.3%) females, with a
median age of 68 years (interquartile range [IQR], 59–75)
years. Among the 5458 total patients, 1513 (27.7%) had
compensated cirrhosis and 604 (11.1%) had a history of
curative treatment of HCC (441 patients had both
compensated cirrhosis and a history of curatively treated
HCC). Patients were followed up after SVR for a median of
2.9 years (IQR, 2.0–3.4 years). During follow-up, 481 pa-
tients (8.8%) were lost to follow-up, with median 1.9 years
(IQR, 1.4–2.6 years) after SVR. There were no differences in
patient background characteristics between patients who
continued follow-up and those who dropped out (data not
shown). HCC was developed in 525 patients (344 re-
currences in patients with a history of curatively treated
HCC and 181 cases of de novo HCC after SVR), and 189
patients died during the study period. The causes of death in
the overall population were HCC in 53 patients, liver-related
causes excluding HCC in 17 patients, and nonliver-related
causes in 119 patients. In patients who died due to
nonliver-related causes, 29 (24.4%) died of non-HCC
gastroenterological cancer, 2 (1.7%) died of benign gastro-
enterological diseases, 10 (8.4%) died of lung malignancy,
12 (10.1%) died of benign lung diseases, 8 (6.7%) died of
hematological malignancy, 14 (11.8%) died of cardiovas-
cular diseases, 8 (6.7%) died of cerebrovascular diseases, 5
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Figure 1. Comparisons of the all-cause mortality after sustained virologic response (SVR) based on the history of curatively
treated hepatocellular carcinoma (HCC) in the entire study patients (A) and the presence of compensated cirrhosis in patients
with no history of HCC (B). Dotted line, 95% confidence intervals.
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died (4.2%) of renal diseases, 11 (9.2%) died of other dis-
eases, and 20 (16.8%) died of unknown causes (Table A1).
Impact of a History of Curatively Treated HCC and
Compensated Cirrhosis on Mortality After SVR

Mortality after SVR was significantly higher in patients
with a history of curatively treated HCC (hazard ratio [HR]
6.30, 95% confidence interval [CI], 4.51–8.03; Figure 1A)
and in those with compensated cirrhosis (HR 2.57, 95% CI
1.93–3.43) before SVR than in patients without these
complications. Multivariate analysis identified higher age,
male gender, and a history of curative treatment of HCC
(adjusted HR 3.76, 95% CI 2.71–5.21) as independent
factors correlated with higher likelihood of mortality
(Table 2). Cirrhosis was not significantly associated with
high mortality in multivariate analysis (adjusted HR 1.27,
95% CI 0.93–1.75).
Table 2.Multivariate Analyses of Baseline Factors Associated

Factors Parameter estimate Standard erro

Age (y)
Per 1 y 0.0645 0.0091

Gender
Male 0.2686 0.0811
Female

HBV coinfection
No 10.516 13,725
Yes

Regular alcohol intake
No �0.1836 0.0875
Yes

Diabetes
Absent �0.0763 0.0821
Present

Hypertension
Absent 0.0514 0.0751
Present

Cirrhosis
Absent �0.1202 0.0810
Present

History of HCC
No �0.6625 0.0831
Yes
Among 4854 patients with no history of HCC, mortality
after SVR remained significantly higher in patients with
compensated cirrhosis before SVR than in those without
cirrhosis (HR 1.95, 95% CI 1.30–2.88; Figure 1B). In
multivariate analysis, cirrhosis before SVR was significantly
associated with high mortality (adjusted HR 1.53, 95% CI
1.02-2.26) as were older age, male gender, and alcohol
intake (Table 3).
Impact of a History of Curatively Treated HCC and
Compensated Cirrhosis on Liver-Related and
Nonliver-Related Mortality After SVR

Competing risks analysis was performed to compare
liver-related and nonliver-related mortality based on a
history of curatively treated HCC and the presence of
compensated cirrhosis. Liver-related mortality was
significantly higher in patients with a history of HCC
With All-Cause Mortality After SVR (N ¼ 5458)

r Likelihood ratio Hazard ratio (95% CI) P value

57.527 1.07 (1.05–1.09) <.0001

11.095 Reference
0.58 (0.42–0.80) .0009

3.592 Reference
7.34e-10 (0–1.07) .0581

4.243 Reference
1.44 (1.02–2.03) .0394

0.844 Reference
1.16 (0.84–1.60) .3581

0.471 Reference
0.90 (0.67–1.21) .4926

2.204 Reference
1.27 (0.93–1.75) .1377

60.531 Reference
3.76 (2.71–5.21) <.0001
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Figure 2. Comparisons of liver-related and liver-unrelated mortality after sustained virologic response (SVR) based on the
history of curatively treated hepatocellular carcinoma (HCC) in the entire study patients (A) and the presence of compensated
cirrhosis in patients with no history of HCC (B).
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before SVR than in those without it (HR 32.27, 95% CI
17.22–60.50). A history of HCC had a similar impact on
nonliver-related mortality (HR 2.58, 95% CI 1.72–3.87)
but to a lesser degree (Figure 2A). When patient back-
grounds were adjusted using PSM by patient age, gender,
HBV coinfection, alcohol intake, and comorbidities (dia-
betes and hypertension), liver-related mortality in
Table 3.Multivariate Analyses of Baseline Factors Associated W
of HCC Before SVR (N ¼ 4854)

Factors Parameter estimate Standard erro

Age (y)
Per 1 y 0.0831 0.0117

Gender
Male 0.4462 0.1083
Female

HBV coinfection
No 9.9480 13,457
Yes

Regular alcohol intake
No �0.2656 0.1151
Yes

Diabetes
Absent �0.0808 0.1151
Present

Hypertension
Absent 0.1229 0.1012
Present

Cirrhosis
Absent �0.2117 0.1017
Present
patients with a history of HCC remained higher than in
those with no history of HCC (HR 49.39, 95% CI
6.83–357.2). By contrast, nonliver-related mortality did
not differ between the 2 groups (P ¼ .3430, HR 1.34, 95%
CI 0.77–2.33; Figure A2A).

In patients without a history of HCC, both liver-related
and nonliver-related mortality rates were significantly
ith All-Cause Mortality After SVR in Patients With No History

r Likelihood ratio Hazard ratio (95% CI) P value

60.620 1.09 (1.06–1.11) <.0001

17.432 Reference
0.41 (0.27–0.62) <.0001

1.202 Reference
2.29e-9 (0–3.23) .2729

5.041 Reference
1.70 (1.07–2.65) .0248

0.480 Reference
1.18 (0.74–1.82) .4884

1.492 Reference
0.78 (0.52–1.16) .2217

4.169 Reference
1.53 (1.02–2.26) .00412
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Figure 3. Comparisons of the incidence of the development of hepatocellular carcinoma (HCC) after sustained virologic
response (SVR) based on the history of curatively treated HCC in the entire study patients (A) and the presence of
compensated cirrhosis in patients with no history of HCC (B). Dotted line, 95% confidence intervals.
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higher in patients with compensated cirrhosis before SVR
than in those without it, but the difference was less signif-
icant for nonliver-related mortality (liver-related mortality,
HR 10.24, 95% CI 2.70–38.83; nonliver-related mortality,
HR 1.80, 95% CI 1.16–2.79; Figure 2B). When patient
backgrounds were adjusted using PSM, there was no sig-
nificant difference in liver-related and nonliver-related
mortality rates based on the presence of cirrhosis before
SVR (liver-related mortality, HR 2.03, 95% CI 0.82–4.63,
nonliver-related mortality, HR 1.50, 95% CI 0.85–2.64;
Figure A2B).
Impact of a History of Curatively Treated HCC and
Compensated Cirrhosis on the Development of
HCC After SVR

The incidence of post-SVR HCC was significantly higher
in patients with a history of curatively treated HCC (HR
22.20, 95% CI 18.51–26.71; Figure 3A) and in those with
pre-SVR compensated cirrhosis than in those without these
complications (HR 7.31, 95% CI 6.05–8.89). Multivariate
analysis identified higher age, male gender, hypertension,
presence of compensated cirrhosis (adjusted HR 2.70, 95%
CI 2.19–3.35), and a history of curatively treated HCC
(adjusted HR 11.62, 95% CI 9.46–14.33) as factors inde-
pendently associated with a higher likelihood of HCC
development after SVR (Table A2).

Whenpatientswith ahistoryof curatively treatedHCCbefore
SVR were excluded, the incidence of HCC remained higher in
patientswith compensatedcirrhosis than thosewithout cirrhosis
(HR 6.09, 95% CI 4.40–8.50; Figure 3B), and cirrhosis was
associated with HCC development after SVR in multivariate
analysis (adjusted HR 5.20, 95% CI 3.74–7.29; Table A3).
Effects of de Novo and Recurrent HCC After SVR
on Post-SVR Mortality

Among patients with a history of curatively treated HCC
before SVR, themortality in patients inwhomHCCdeveloped (ie,
recurred) after SVRwas significantly higher than that in patients
with no post-SVRHCC (HR 2.25, 95%CI 1.38–3.86; Figure A3A).
By contrast, among patients with no history of HCC before SVR,
there was no difference in post-SVR mortality between patients
who experienced HCC after SVR (ie, de novo HCC) and in those
who did not (HR 1.83, 95% CI 0.86–3.42; Figure A3B).
Discussion
Recent studies reported the beneficial effect of eradi-

cating HCV (ie, achieving SVR) using DAA therapy in pa-
tients with HCV. Patients who achieved SVR showed higher
survival rates than untreated patients with HCV; this was
the case both in those with no history of HCC9,10 and in
those with HCC.11,12 Current anti-HCV DAA regimens are
tolerable even in patients with cirrhosis or HCC, leading to
high rates of HCV eradication. However, it is unclear
whether patient outcomes after SVR are affected by pro-
gression to compensated cirrhosis or by the development of
HCC when these occur before DAA therapy; it is therefore
unknown if the eradication of HCV can overcome these pre-
SVR complications.

This prospective, observational study consisted of a
large cohort of Japanese HCV patients who achieved SVR by
DAA therapy. A previous study showed that Japanese HCV
patients treated with DAA therapy are characterized by
older age and a high prevalence of cirrhosis,13 both of which
are risk factors for HCC. In the present study, more than
25% of patients had compensated cirrhosis, and more than
10% had a history of HCC at baseline.

The findings of this study clearly showed that progres-
sion to compensated cirrhosis or a history of curatively
treated HCC, both occurring before the start of DAA-based
anti-HCV therapy, strongly influenced the outcomes of pa-
tients with HCV after SVR. The incidence of HCC develop-
ment after SVR was significantly higher in patients with a
history of curatively treated HCC than in those with no
history of HCC before SVR. It has been reported that the
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incidence of HCC recurrence after SVR is higher than that of
de novo HCC, which is consistent with the findings of this
study. The incidence of post-SVR HCC was also significantly
higher in the overall study patients who had compensated
cirrhosis at baseline than in those without cirrhosis. The
percentage of patients with a history of curatively treated
HCC was higher among those with cirrhosis (29.6%, 426/
1440 patients) than among those without (4.2%, 160/3778
patients; P < .0001), which contributed to the higher inci-
dence of HCC development after SVR in patients with
cirrhosis. However, in an analysis limited to patients with no
history of HCC, the incidence of post-SVR HCC in patients
with compensated cirrhosis remained higher than that in
patients without cirrhosis. This is not surprising because
cirrhosis is a strong risk factor for HCC in patients with HCV,
even after SVR.

The higher mortality of patients with a history of curatively
treated HCC is considered to be primarily because of these
patients’ higher rate of post-SVR HCC. Indeed, patients with a
history of HCC who experienced post-SVR HCC, ie, HCC recur-
rence, had significantly higher mortality than those who did not
experience recurrence after SVR. Consequently, patients with a
history of HCC had markedly higher liver-related mortality.
By contrast, nonliver-related mortality was comparable be-
tween patients with and without a history of HCC when PSM
was used to adjust for background characteristics.

Unlike post-SVR HCC recurrence in patients with a history
of HCC, post-SVR HCC in patients with no history of HCC, ie, de
novo HCC, only modestly increased mortality after SVR. The
survival rate of patients with de novo HCC after SVR was
significantly higher than that of patients with HCC that devel-
oped during persistent HCV infection,14 which was associated
with a decreased unfavorable influence of post-SVR HCC on
mortality in patients with no history of HCC. Consequently,
patients with compensated cirrhosis and those without
cirrhosis showed no difference in either liver-related or
nonliver-related mortality after PSM. Thus, in patients with no
history of HCC, a negative influence of compensated cirrhosis
on mortality may be overcome by HCV eradication.

There are several limitations to this study. First, the
study patients with cirrhosis were limited to those who had
compensated cirrhosis because DAA-based anti-HCV ther-
apy for patients with decompensated cirrhosis had not yet
been approved by the Japanese government at the time of
patient enrollment. Although we did not find a difference in
mortality between patients with compensated cirrhosis and
those without cirrhosis after PSM, these results may differ
when patients with decompensated cirrhosis are included.
Further studies are needed to determine how decom-
pensated cirrhosis before DAA therapy impacts post-SVR
survival. In addition, patients with active HCC that was
treated noncuratively were not included in this study,
because anti-HCV therapy with DAAs was not approved by
the Japanese government for patients with active HCC.
Second, the assessment of cirrhosis was not standardized
throughout the study population and instead was deter-
mined on an institutional or individual basis by attending
hepatologists using several methods. In current clinical
practice, cirrhosis is not frequently evaluated by liver biopsy
because of the risk of complications.15 Transient elastog-
raphy, an established alternative for measuring liver fibrosis
and cirrhosis, is not available at all institutions. However, all
attending hepatologists who participated in this study were
experienced in the diagnosis of cirrhosis, and determination
of the presence of compensated cirrhosis should have been
consistent. Third, surveillance intensity differed some pa-
tients with a history of curatively treated HCC, in whom
surveillance was more intensive. This might have increased
the incidence of post-SVR HCC development, although they
were minor population. Finally, the observation period was
relatively short, and longer observation will be necessary to
confirm the current findings and, in particular, to determine
whether a higher incidence of post-SVR HCC in patients with
compensated cirrhosis than in those without cirrhosis really
does not result in a mortality difference between the 2
groups. In addition, this study included a high proportion of
elderly patients, which may have contributed to the high
rate of nonliver-related death. Longer follow-up of younger
SVR patients may reveal a different distribution of causes of
death after SVR.

In summary, this prospective, observational study of a
large cohort of patients with SVR revealed that compensated
cirrhosis existing before anti-HCV therapy with DAAs did
not influence the survival of patients with HCV after SVR,
despite the higher incidence of HCC. In contrast, a history of
HCC before DAA therapy strongly influenced survival after
SVR, even when HCC was treated curatively.
Supplementary Materials
Material associated with this article can be found in the

online version at https://doi.org/10.1016/j.gastha.2022.02.
018.
References

1. Majumdar A, Kitson MT, Roberts SK. Systematic review:

current concepts and challenges for the direct-acting
antiviral era in hepatitis C cirrhosis. Aliment Pharmacol
Ther 2016;43:1276–1292.

2. Toyoda H, Atsukawa M, Uojima H, et al. Trends and ef-
ficacy of interferon-free anti-hepatitis C virus therapy in
the region of high prevalence of elderly patients,
cirrhosis, and hepatocellular carcinoma: a real-world,
nationwide, multicenter study of 10688 patients in
Japan. Open Forum Infect Dis 2019;6:ofz185.

3. Prenner SB, VanWagner LB, Flamm SL, et al. Hepato-
cellular carcinoma decreases the chance of successful
hepatitis C virus therapy with direct-acting antivirals.
J Hepatol 2017;66:1173–1181.

4. Persico M, Aglitti A, Aghemo A, et al. High efficacy of
direct-acting antiviral agents in hepatitis C virus-infected
cirrhotic patients with successfully treated hepatocellular
carcinoma. Aliment Pharmacol Ther 2018;47:1705–1712.

5. Ji F, Yeo YH, Wei MT, et al. Sustained virologic response
to direct-acting antiviral therapy in patients with chronic

http://doi.org/10.1016/j.gastha.2022.02.018
http://doi.org/10.1016/j.gastha.2022.02.018
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref1
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref1
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref1
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref1
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref1
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref2
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref2
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref2
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref2
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref2
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref2
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref3
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref3
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref3
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref3
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref3
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref4
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref4
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref4
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref4
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref4
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref5
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref5


2022 Impact of pre-DAA cirrhosis and HCC after SVR 515
hepatitis C and hepatocellular carcinoma: a systematic
review and meta-analysis. J Hepatol 2019;71:473–485.

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

7. Wai CT, Greenson JK, Fontana RJ, et al. A simple
noninvasive index can predict both significant fibrosis
and cirrhosis in patients with chronic hepatitis C. Hep-
atology 2003;38:518–526.

8. Kokudo N, Takemura N, Hasegawa K, et al. Clinical
practice guidelines for hepatocellular carcinoma: the
Japan Society of Hepatology 2017 (4th JSH-HCC guide-
lines) 2019 update. Hepatol Res 2019;49:1109–1113.

9. Butt AA, Yan P, Simon TG, et al. Effect of paritaprevir/
ritonavir/ombitasvir/dasasbuvir and ledipasvir/sofosbuvir
regimens on survival compared with untreated hepatitis
C virus-infected persons: results from ERCHIVES. Clin
Infect Dis 2017;65:1006–1011.

10. Carrat F, Fontaine H, Dorival C, et al. Clinical outcomes
in patients with chronic hepatitis C after direct-acting
antiviral treatment: a prospective cohort study. Lancet
2019;393:1453–1464.

11. Singal AG, Rich NE, Mehta N, et al. Direct-acting
antiviral therapy for hepatitis C virus infection is associ-
ated with increased survival in patients with a history of
hepatocellular carcinoma. Gastroenterology 2019;
157:1253–1263.

12. Dang H, Yeo YH, Yasuda S, et al. Cure with interferon
free DAA is associated with increased survival in patients
with HCV related HCC from both East and West. Hep-
atology 2020;71:1910–1922.

13. Toyoda H, Tada T, Takaguchi K, et al. Difference in back-
ground characteristics of patients with chronic hepatitis C
who achieved sustained virologic response with interferon-
free versus interferon-based therapy and the risk of
developing hepatocellular carcinoma after eradication of
hepatitis C virus in Japan. J Viral Hepat 2017;24:472–476.
14. Toyoda H, Hiraoka A, Uojima H, et al. Characteristics and
prognosis of de novo hepatocellular carcinoma after
sustained virologic response. Hepatol Commun 2021;
5:1290–1299.

15. Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J
Med 2001;344:495–500.

Received December 13, 2021. Accepted February 16, 2022.

Correspondence:
Address correspondence to: Hidenori Toyoda, MD, PhD, Department of
Gastroenterology, Ogaki Municipal Hospital, 4-86 Minaminokawa, Ogaki, Gifu
503-8502, Japan. e-mail: hmtoyoda@spice.ocn.ne.jp.

Authors’ Contributions:
Study concept: Hidenori Toyoda, Akihito Tsubota, Takashi Kumada, Yasuhito
Tanaka, and Junko Tanaka Study design: Hidenori Toyoda and Masanori
Atsukawa Acquisition of clinical information and prognosis: Hidenori Toyoda,
Masanori Atsukawa, Haruki Uojima, Akito Nozaki, Koichi Takaguchi, Atsushi
Hiraoka, Ei Itobayashi, Tsunamasa Watanabe, Kentaro Matsuura, Noritomo
Shimada, Hiroshi Abe, Kunihiko Tsuji, Norio Itokawa, Shigeru Mikami, Toru
Ishikawa, Tsunekazu Oikawa, Satoshi Yasuda, Makoto Chuma, Akemi Tsutsui,
Hiroki Ikeda, and Taeang Arai Data analysis: Hidenori Toyoda Manuscript
preparation: Hidenori Toyoda Approval of the final manuscript: All authors.

Conflicts of Interest:
These authors disclose the following: H.T. reports speaker honoraria from
AbbVie and Bayer. M.A. reports a speaker honorarium from AbbVie. Ko.T. re-
ports speaker honoraria from MSD, Bristol-Meyers Squibb, AbbVie, and Astra
Zeneca. T.K. reports speaker honoraria from AbbVie, Gilead Sciences, and
Bristol-Meyers Squibb. Y.T. reports speaker honoraria from Jansen Pharma-
ceuticals and Gilead Sciences. The remaining authors disclose no conflicts.

Funding:
This work was supported by the Japanese Ministry of Labor, Health, and
Welfare Policy Research for Hepatitis Measures Program Grant Number
JPMH19HC1001.

Ethical Statement:
The corresponding author, on behalf of all authors, jointly and severally, cer-
tifies that their institution has approved the protocol for any investigation
involving humans or animals and that all experimentation was conducted in
conformity with ethical and humane principles of research.

Data Transparency Statement:
Data, analytic methods, and study materials will be available to other re-
searchers on request to corresponding author.

http://refhub.elsevier.com/S2772-5723(22)00036-X/sref5
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref5
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref5
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref6
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref6
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref6
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref6
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref6
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref7
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref7
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref7
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref7
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref7
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref8
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref8
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref8
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref8
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref8
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref9
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref9
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref9
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref9
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref9
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref9
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref10
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref10
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref10
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref10
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref10
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref11
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref11
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref11
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref11
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref11
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref11
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref12
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref12
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref12
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref12
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref12
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref13
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref13
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref13
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref13
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref13
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref13
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref13
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref14
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref14
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref14
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref14
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref14
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref15
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref15
http://refhub.elsevier.com/S2772-5723(22)00036-X/sref15
mailto:hmtoyoda@spice.ocn.ne.jp

	The Impact of Cirrhosis and History of Hepatocellular Carcinoma on All-Cause Mortality After Eradication of Hepatitis C Vir ...
	Introduction
	Patients and Methods
	Patients
	Post-SVR Follow-Up and Outcomes
	Statistical Analysis

	Results
	Background Characteristics of Study Patients
	Impact of a History of Curatively Treated HCC and Compensated Cirrhosis on Mortality After SVR
	Impact of a History of Curatively Treated HCC and Compensated Cirrhosis on Liver-Related and Nonliver-Related Mortality Aft ...
	Impact of a History of Curatively Treated HCC and Compensated Cirrhosis on the Development of HCC After SVR
	Effects of de Novo and Recurrent HCC After SVR on Post-SVR Mortality

	Discussion
	Supplementary Material
	References
	Authors' Contributions:


