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Abstract:

Objective Chronic hepatitis C virus (HCV) infection carries a residual risk of hepatocarcinogenesis even af-
ter viral elimination, so appropriate follow-up is necessary. The present study investigated the current hospital
visits and hepatocarcinogenesis status of patients who received daclatasvir plus asunaprevir treatment (DCV+
ASV) to determine whether or not appropriate follow-up was being performed.

Methods We retrospectively analyzed hepatocarcinogenesis, the overall survival, and the length of hospital
visits in 442 patients who applied for the medical expense subsidy system for viral hepatitis and received
DCV+ASV treatment in Gunma Prefecture between October 2014 and December 2015. This also included 61
patients who had a history of hepatocellular carcinoma (HCC).

Results Among 442 patients, 388 achieved a sustained viral response (SVR) by DCV+ASV therapy
(87.8%), and 95.9% achieved an SVR if additional treatment was included. HCC was found in 75 cases
(17.0%). A history of HCC, the FIB-4 index and the treatment effect SVR were determined to be factors af-
fecting the incidence of HCC. Regarding the follow-up rate, 89.9% of patients continued to regularly visit the
hospital after 5 years of treatment. However, patients <60 years old had significantly lower persistence rates
than older patients. The persistence rate of hospital visits to the same institution was 67.7% over a 5-year pe-
riod, which was significantly better in small and medium-sized institutions than in large, specialized institu-
tions (71.7% vs. 63.9%, p=0.039).

Conclusion Patients with direct-acting antiviral treatment generally received adequate follow-up, but
younger patients had a slightly higher rate of follow-up interruption and were considered to need support.

Key words: hepatitis C, retreatment, direct-acting antivirals, daclatasvir, asunaprevir, follow-up,
hepatocarcinogenesis

(Intern Med 60: 3061-3070, 2021)
(DOI: 10.2169/internalmedicine.6591-20)

'Department of Gastroenterology and Hepatology, Gunma University Graduate School of Medicine, Japan, *Department of Clinical Research,
National Hospital Organization Takasaki General Medical Center, Japan, *Department of Gastroenterology, Kusunoki Hospital, Japan, ‘Depart-
ment of Gastroenterology, National Hospital Organization Takasaki General Medical Center, Japan, *Department of Gastroenterology, National
Hospital Organization Shibukawa Medical Center, Japan, *Department of Internal Medicine, Kiryu Kosei General Hospital, Japan, "Department
of Internal Medicine, Isesaki Municipal Hospital, Japan, * Department of Gastroenterology, Gunma Saiseikai Maebashi Hospital, Japan and ’De-
partment of Gastroenterology, Maebashi Red Cross Hospital, Japan

Received for publication October 26, 2020; Accepted for publication February 16, 2021

Correspondence to Dr. Hiroki Tojima, m08702015 @ gunma-u.ac.jp

3061



Intern Med 60: 3061-3070, 2021

DOI: 10.2169/internalmedicine.6591-20

Introduction

Hepatitis C virus (HCV) infection causes liver fibrosis
and is associated with a high risk of hepatocarcinogene-
sis (1). Although interferon (IFN) therapy was widely used
for hepatitis C treatment in the past, oral IFN-free treatment
of hepatitis C with direct-acting antiviral agents (DAAs) has
been possible since 2014, and a sustained viral response
(SVR) can now be achieved with even higher rates.

Grecaprevir/pibrentasvir combination therapy, a mainstay
treatment regimen for HCV infection at present, has been
reported to result in a cure in approximately 99% of chronic
hepatitis C patients in a real world clinical setting and to be
highly effective even in cases of unsuccessful DAA treat-
ment (2-7). In IFN treatment, an SVR reduces the risk of
hepatocellular carcinoma (HCC), but the risk of hepatocar-
cinogenesis itself is known to remain (8-13). Although the
risk of hepatocarcinogenesis after viral exclusion by DAAs
has been controversial (14, 15), it was recently reported that
the SVR induced by DAAs as well as by IFN reduced the
hepatocarcinogenesis rate (16-19). Furthermore, an SVR in-
duced by DAAs reduced not only the risk of hepatocarcino-
genesis but also that of progression to decompensated cir-
rhosis, liver disease-related death, and all-cause mortal-
ity (20). Given the above, DAA treatment may improve the
prognosis of patients with chronic hepatitis C.

However, there have been cases of hepatocarcinogenesis
long after SVR in some patients previously treated with IFN
therapy (12), and a similar phenomenon can be expected in
cases treated with DAA. Therefore, appropriate follow-up
and regular liver cancer screening is necessary after treat-
ment is completed. Combination therapy with daclatasvir
plus asunaprevir (DCV+ASV) was the first IFN-free, all-oral
DAA treatment available in Japan, introduced in 2014, and a
clinical trial showed this regimen to have high therapeutic
efficacy, with an SVR rate after 24 weeks (SVR24) of
84.7% (21, 22). This treatment allowed more patients to
achieve an SVR than before, including those who had previ-
ously been intolerant of IFN.

We also reported that patients who failed to achieve an
SVR with DCV+ASV were able to achieve an SVR at a
high rate with additional DAA treatments (23). DCV+ASV
has been available for over five years now, which has al-
lowed for the long-term observation of treated cases; how-
ever, reports with appropriate follow-up are still lacking.

The present study investigated the current status of DCV+
ASV-treated patients (persistence of hospital visits and pro-
gression of cancer) in a retrospective manner to determine
whether or not patients treated with DAA are being fol-
lowed up appropriately and to investigate any relevant is-
sues.

Materials and Methods

Patients and treatment methods

Between October 2014 and December 2015, there were
641 applications for DCV+ASV treatment using the medical
expense subsidy system for viral hepatitis in Gunma Prefec-
ture. Of these, we reviewed 442 cases treated at Gunma
University Hospital and related institutions with DCV+ASV
treatment. DCV+ASV treatment was usually continued for
24 weeks.
groups: small and medium-sized institutions with <300 inpa-
tient beds (Group A), which included non-bed clinics, and
large, specialized institutions with 2300 inpatient beds
(Group B). These data include cases of both liver cirrhosis
and chronic hepatitis as well as those with a history of
HCC. The data were obtained from a survey of medical re-
cords at each institution.

This study was conducted in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was ap-
proved by the Ethics Committee of the Gunma University
Hospital. It was a retrospective study, and the need for writ-
ten informed consent was waived.

Treatment institutions were divided into two

Patients’ data

Laboratory data included the aspartate aminotransferase
(AST, TU/L), alanine aminotransferase (ALT, IU/L) levels;
the platelet count (x10*/uL); and the HCV-RNA value at the
start of treatment. The HCV-RNA at 24 weeks after the end
of treatment was used to determine the SVR. The HCV-
RNA (log copies/mL) was measured by real-time reverse
transcription polymerase chain reaction (RT-PCR), as were
the HCV genotypes (BML, Tokyo, Japan). The fibrosis-4
(FIB-4) index was calculated as follows: [AST (IU/L)xage
(years)]/[platelet count (x10*/uL)xy/ (ALT(IU/L))] (24).

Treatment method

Each patient was administered 60 mg of DCV and 100
mg of ASV orally once a day in accordance with the Japa-
nese Society of Hepatology guidelines at the time. If the pa-
tients showed good tolerance, they were usually treated for
24 weeks. The efficacy of treatment was determined by the
SVR24.

Follow-up

The survey was conducted as of February 2020. We de-
fined the duration of continuous hospital visits to the same
institution as the time between the start of treatment and re-
ferral to another hospital. The duration of continuous hospi-
tal visits was defined as the time between the start of treat-
ment and the interruption of hospital visits (no follow-up).
The date of the onset of HCC after the start of treatment
was investigated in all patients. The onset of HCC was de-
termined by the characteristic findings on imaging [com-
puted tomography (CT) and magnetic resonance imaging
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Table 1. Characteristics of Patients with Hepatitis C Virus who were Treated with DCV+ASV
(n=442).
Characteristics Group A institutions ~ Group B institutions  p value
All patients 442 218 224
Age 68 [62, 73] 68 [61, 74] 68 [63, 73] 0.924
Sex 0.848
Male 200 (45.2) 100 (45.9) 100 (44.6)
Female 242 (54.8) 118 (54.1) 124 (55.4)
Treatment history for HCC <0.001
Absent 381 (86.2) 203 (93.1) 178 (79.5)
Present 61 (13.8) 15(6.9) 46 (20.5)
Compesated Cirrhosis 0.003
Absent 289 (65.5) 158 (72.5) 131 (58.7)
Present 152 (34.5) 60 (27.5) 92 (41.3)
HCVRNA (log copy/mL) 6.1[5.6, 6.5] 6.1[5.6,6.5] 6.2[5.7,6.4] 0.532
HCYV serogroup or genotype 0.531
serogroup 1 314 (71.0) 158 (72.5) 156 (69.6)
genotype 1b 128 (29.0) 60 (27.5) 68 (30.4)
AST (U/L) 49.0 [35.0, 68.0] 45.0 [33.0, 63.0] 51.0 [38.0, 70.0] 0.048
ALT (U/L) 43.0[29.0, 63.3] 43.0[29.0, 63.0] 44.0 [30.0, 66.5] 0.506
Platelet count (x10%uL) 12.5[8.9, 17.1] 13.89.7, 18.2] 11.5[8.5, 15.0] <0.001
FIB-4 index 4.08 [2.64, 6.35] 3.55[2.28, 5.85] 4.50[3.12, 6.61] <0.001

Data are expressed as the median [interquartile range] or count (percentage)

HCC: hepatocellular carcinoma, AST: aspartate aminotransferase, ALT: alanine aminotransferase, FIB-4: fibrosis-4

(MRD)] (25). The date of death and presence of liver
disease-related death were also investigated in all patients
who died.

Statistical analyses

The continuous variables are presented as the median [in-
terquartile range] and nominal variables as the number (per-
centage). Comparisons of continuous variables between
groups were made with the Mann-Whitney U test. Compari-
sons of nominal variables were made with the chi-square
test or Fisher’s exact test. The overall survival, duration of
continuous hospital visits to the same institution, duration of
continuous hospital visits, and time to hepatocarcinogenesis
were analyzed using the Kaplan-Meier method, and general-
ized Wilcoxon’s or Log-rank tests were used for group com-
parisons. A Cox proportional hazards analysis was used to
adjust for covariates when analyzing the interruption of hos-
pital visits to the same institution and time to carcinogene-
sis. The independent variables were selected based on the
results of the univariate analysis and those considered neces-
sary according to previous reports.

The IBM Statistical Package for the Social Sciences soft-
ware program, version 25 (IBM SPSS 25; IBM, Armonk,
USA) and EZR (26) were used for these statistical analyses.
All p values were considered statistically significant at <
0.05.

Results

Patients’ background characteristics

Patients’ background characteristics are shown in Table 1.
Two hundred and eighteen of 442 patients (49.3%) were
treated at group A institutions. The median age was 68 [in-
terquartile range, 62.3-73.3] years old, and 200 patients
were men. There were 61 patients with a history of HCC
treatment. One hundred and fifty-two patients were clini-
cally diagnosed with compensated cirrhosis, but no cases of
decompensated cirrhosis were included. Patients treated at
Group A institutions were significantly less likely to have a
history of HCC (Group A: 6.9%, Group B: 20.5%, p<0.001)
and significantly less likely to have compensated liver cir-
rhosis (Group A: 27.5%, Group B: 41.3%, p=0.003) than
Group B patients. Blood test results showed that Group A
had significantly lower AST than Group B institutions
(Group A: 45.0 IU/1, Group B: 51.0 IU/1, p=0.048) and pre-
served platelet counts (Group A: 13.8x10*uL, Group B:
11.5x10%uL, p<0.001). Similarly, the FIB-4 index was better
in Group A than in Group B (Group A: 3.55, Group B:
4.50, p<0.001).

Outcomes

The treatment effect, hospital visits, survival, and hepato-
carcinogenesis status are described in Table 2. An SVR24
was achieved in 87.8% of cases (388 of 442) with DCV+
ASV treatment, which was comparable to clinical trials (21).
There was no marked difference in the treatment effect of
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Table 2. Outcome of DCV+ASYV Treated Patients (n=442).

Results Group A institutions ~ Group B institutions  p value
All patients 442 218 224
Status of hospital visits 0.030
Continuing 306 (69.2) 160 (73.4) 146 (65.2)
Referred to another institutions 96 (21.7) 36 (16.5) 60 (26.8)
Interruption 40 (9.0) 22 (10.1) 18 (8.0)
Attributes of the referral institution 0.399
Specilized Hospital 49 (50.0) 20 (57.1) 29 (46.0)
General hospital & Clinic 49 (50.0) 15 (42.9) 34 (54.0)
Death 16 (3.6) 94.1) 7@3.1) 0.619
Liver disease-related death 10 (2.3) 5(2.3) 5Q2.2) 1.000
Treatment outcome 0.384
not SVR 54 (12.2) 30 (13.8) 24 (10.7)
SVR 388 (87.8) 188 (86.2) 200 (89.3)
Additional treatment of DAAs$ 0.526
Absent 14 (26.0) 8 (26.7) 6 (25.0)
Present 40 (74.0) 22 (73.3) 18 (75.0)
Treatment outcome of additional treatment 0.114
not SVR 4(10.0) 4(18.2) 0(0.0)
SVR 36 (90.0) 18 (81.8) 18 (100.0)
Development of new HCC$ 0.005
Absent 356 (82.6) 182 (87.9) 174 (77.7)
Present 75 (17.4) 25 (12.1) 50 (22.3)

Data are expressed as count (percentage)
$ Data were missing for 11 cases.

SVR: sustained viral response, DAAs: direct acting antiviral agents, HCC: hepatocellular carcinoma

DCV+ASV between Group A and B institutions (Group A:
86.2%, Group B: 89.3%, p=0.384). Forty of 54 cases who
did not achieve an SVR were given additional treatment
with other DAAs, and 36 patients (90.0%) achieved an SVR
24. Including additional treatments, 424 of 442 patients fi-
nally achieved an SVR (95.9%), and there was no marked
difference in the overall outcome between Group A and B
institutions (Group A: 94.5%, Group B: 97.3%, p=0.154).

New incidence of HCC

Between the start of DCV+ASYV and the time point of ob-
servation, the new incidence of HCC was observed in 75 pa-
tients. The cumulative incidence of HCC for all cases
(Fig. la) was 4.2% at 1 year, 12.0% at 3 years, and 21.7%
at 5 years. The cumulative incidence of HCC was 14.1%
over 5 years in the group with no history of HCC prior to
DCV+ASV treatment, compared to 62.9% in the group with
such a history (Fig. 1b) (p<0.001). The cumulative incidence
of HCC increased in patients with an FIB-4 index of >3.25.
It was 8.2% over 5 years in the group with an FIB-4 index
<3.25 but 26.4% in the group with an FIB-4 index >3.25 (p
=0.009, Fig. 1c). The cumulative hepatocarcinogenesis rate
at 5 years in the group with a treatment effect of an SVR
was 20.1% compared to 32.7% in the non-SVR group (p=
0.036, Fig. 1d). There was no significant difference in cu-
mulative cancer rates between genders (p=0.061, Fig. le)
and by age (<60 vs. >60 years old; p=0.068, Fig. 1f).

A multivariate analysis was performed to adjust for co-

variates. The independent variables entered into the COX
proportional hazards model were as follows: treatment ef-
fect, FIB-4 index, history of HCC, age and gender. The
analysis showed that a history of HCC [hazard ratio (HR):
7.183, 95% confidence interval (CI): 4.40-11.72, p<0.001]
and the FIB-4 index (HR: 1.060, 95% CI: 1.008-1.116, p=
0.024) were factors contributing to hepatocarcinogenesis af-
ter DAA treatment (Table 3).

Hospital visits

The persistence of hospital visits was analyzed by the
Kaplan-Meier method. The overall persistence rate for hos-
pital visits was 100% at 1 year, 91.1% at 3 years, and
89.9% at 5 years, and most patients continued to visit hospi-
tals (Fig. 2a). There was no marked difference in the dura-
tion of hospital visits in Groups A and B (p=0.609, general-
ized Wilcoxon’s test) (Fig. 2b). An age >60 years old was
detected as a factor associated with longer hospital visits in
the univariate analysis (p=0.004) (Fig. 2c). A Cox propor-
tional hazards test was performed with age >60 years old,
an FIB-4 index >3.25, and a history of HCC as independent
variables and showed that an age >60 years old was a sig-
nificant factor for the interruption of hospital visits (HR=
0.372, 95% CI 0.190-0.726, p=0.004) (Table 4). Hospital
visits were interrupted during the observation period in 40
cases, including 25 cases of advanced fibrosis with an FIB-4
index >3.25 and 3 cases with a history of HCC (Table 5).

The overall persistence rate for hospital visits of same in-
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Figure 1. Cumulative incidence curve for hepatocellular carcinoma (HCC) after DCV+ASYV treat-

ment. (a) All of the patients. The 1-, 3-, and 5-year cumulative incidence rates of HCC were 4.2%,
12.0%, and 21.7 %, respectively. (b) Patients with or without a history of HCC. The 1-, 3-, and 5-year
cumulative incidence rates of HCC were 1.9%, 5.6 %, and 14.1% in patients without a history of HCC
and 16.4%, 48.4%, and 62.9% in patients with a history of HCC, respectively (p<0.001). (c) FIB-4
index >3.25 or £3.25. The 1-, 3-, and 5-year cumulative incidence rates of HCC were 2.6 %, 6.9 %, and
14.3% in the FIB-4 index <3.25 patients and 4.7 %, 14.9%, and 25.7% in the FIB-4 index >3.25 pa-
tients, respectively (p=0.009). (d) Treatment effect of an SVR or not SVR. The 1-, 3-, and 5-year cu-
mulative incidence rates of HCC were 5.6 %, 18.2%, and 32.7% in the non-SVR patients and 3.7 %,
11.1%, and 20.1% in the SVR patients, respectively (p=0.036). (¢) Men or women. The 1-, 3-, and
5-year cumulative incidence rates were 4.7%, 15.6%, and 25.9% in men, respectively, and 3.4%,
10.0%, and 18.3% in women, respectively (p=0.061). (f) Age <60 years old or >60 years old. The 1-, 3-,
and S-year cumulative incidence rates were 0%, 5.1%, and 14.4% for those <60 years old, respec-
tively, and 4.9%, 13.6 %, and 23.3% for those >60 years old, respectively (p=0.068). HCC: hepatocel-
lular carcinoma, FIB-4: fibrosis-4, SVR: sustained viral response

Table 3. A Multivariate Analysis of Risk Factors for
Newly Developed HCC.

63.9% in Group B at 5 years (Fig. 3b). Group A institutions
had significantly higher persistence rates for visits to the

Hazard ratio 95% CI p value same institution than Group B (p=0.039, generalized Wil-
Past history of HCC 7183 440-1172  <0.001 coxon’s test). A univariate analysis detected a treatment his-
FIB-4 index 1.060 1.008-1.116  0.024 tory of HCC as another factor affecting the persistence rate
Treatment effect SVR 0.573 0321-1.025  0.061 for hospital visits to the same institution (p=0.009) (Fig. 3c).
Age 1.025 0.993-1.059  0.126 A multivariate analysis was performed. The independent
Gender : female 0.930 0.574-1.508  0.769 variables entered into the Cox proportional hazards model

HCC: hepatocellular carcinoma, FIB-4: fibrosis-4, SVR: sustained viral
response, CI: confidence interval

stitution were 97.3% for 1 year, 82.5% for 3 years, and
67.7% for 5 years (Fig. 3a). The persistence rate for hospital
visits of the same institution was 71.7% in Group A but

were as follows: a history of HCC, age >60 years old, an
FIB-4 index >3.25, and institution grouping. The model
showed that a history of HCC (HR=0.406, 95% CI 0.217-
0.758, p=0.005) and Group B institutions (HR=1.530, 95%
CI 1.085-2.185, p=0.015) were significant factors for the in-
terruption of hospital visits to the same institution (Table 6).
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Figure 2. Persistence rate for hospital visits. (a) All patients. The 1-, 3-, and 5-year persistence rates
for hospital visits were 100%, 93.5%, and 89.9 %, respectively. (b) Institution attribute Group A or B.
There was no significant difference between Group A and B (p=0.609). (c) Age <60 or 260 years old.
The 1-, 3-, and 5-year persistence rates for hospital visits were 100%, 88 %, and 82 % in patients <60
years old, respectively, and 100 %, 94.7 %, and 91.7 %, in patients >60 years old, respectively (p=0.002).
(d), (e), (f) There were no significant difference between those with an FIB-4 index <3.25 and >3.25,
no or some history of HCC, and a treatment effect of SVR and no SVR. FIB-4: fibrosis-4, HCC: he-
patocellular carcinoma, SVR: sustained viral response

Table 4. A Multivariate Analysis of Interruption of Hospital

Visits.
Hazard ratio 95% C1 p value
Age >60 0.372 0.190-0.726  0.004
FIB-4 index 1.007 0.922-1.100  0.873
Past history of HCC present 0.511 0.156-1.677 0.268

FIB-4: fibrosis-4, HCC: hepatocellular carcinoma, CI: confidence interval

The survival

There were 16 deaths at the time of observation, of which
10 were liver disease-related deaths. Factors affecting the
survival included an FIB-4 index >3.25 (p=0.048) (Fig. 4a),
a history of HCC (p=0.013) (Fig. 4b), and a treatment effect
of an SVR (p<0.001) (Fig. 4c) in the univariate analysis.
Factors associated with liver disease-related death were a
treatment effect of an SVR (p=0.007) (Fig. 5a) and a history
of HCC (p=0.002) (Fig. 5b). A multivariate analysis was not
performed because there were few deaths, including liver
disease-related deaths.

Discussion

The effect of treatment was generally favorable, with no
marked difference between Group B (specialized institu-
tions) and Group A (general institutions). In patients who
failed DCV+ASYV, there was no significant difference be-
tween Group A and Group B in the rate of additional DAA
treatment and the final outcome. This suggests that DAAs
are highly effective and their management appropriate, with
no marked difference between institutions. Although DAA
treatment is expensive, access to medical care for hepatitis C
is good in Japan because of the development of medical ex-
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Table 5. Background of the Case of Inter-
ruption of Hospital Visit (n=40).
Characteristics
All patients 40
Age 67 [37, 83]
Sex
Male 22 (55.0)
Female 18 (45.0)
Treatment history for HCC
Absent 37 (92.5)
Present 3(7.5)
Compesated cirrhosis
Absent 28 (70.0)
Present 12 (30.0)
AST (U/L) 50.0[11.0, 210.0]
ALT (U/L) 52.0[13.0, 155.0]
Platelet count (x10"4/uL) 12.5[8.9,17.1]
FIB-4 index 3.93[0.91, 21.41]
FIB-4 index
<3.25 15 (37.5)
>3.25 25 (62.5)

Data are expressed as the median [interquartile range] or
count (percentage)

AST: aspartate aminotransferase, ALT: alanine amino-
transferase

pense subsidy system for viral hepatitis and the coverage of
DAA treatment since 2014 (27). In this study, 82 of 218 pa-
tients (37.6%) in the Group A institutions were treated by
general practitioners, and a wide base of patients was
treated.

To monitor hepatocarcinogenesis from hepatitis C, pa-
tients should continue to attend the hospital after HCV has
been eliminated. It has been suggested that patients should
be followed up for HCC by an imaging examination at least
twice a year after SVR (28), and appropriate follow-up is
especially important in groups at high risk for hepatocar-
cinogenesis. Indeed, 75 cases of HCC were found in the
present study during the observation period, and about half
of them (37/75) had a history of HCC. The incidence of
HCC after DAA treatment was significantly higher in the
patients with a history of HCC than in those without such a
history. Advanced liver fibrosis (FIB-4 index >3.25) was
also shown to be a significant factor influencing hepatocar-
cinogenesis after treatment. Previously reported factors con-
tributing to hepatocarcinogenesis after SVR include ad-
vanced liver fibrosis, male gender, an advanced age, high
pre-treatment alfa-fetoprotein (AFP) levels, an impaired glu-
cose tolerance, dyslipidemia, an excessive alcohol intake,
and high gamma-glutamyl transpeptidase lev-
els (11, 12, 16, 29). Although the information available in
this study was limited and not sufficient to assess the risk of
carcinogenesis, the results are similar to those included in
previous reports within the scope of the study, indicating the
importance of appropriate follow-up in high-risk carcino-
genesis groups.

In this study, the persistence rate of hospital visits was
approximately 90% over a 5-year period (Group A: 89.6%,
Group B: 90.1%, respectively), and although patients gener-
ally continued to be hospitalized in some form, the duration
of hospital visits was significantly shorter among those <60
years old than in older patients. Darvishian et al. identified
the following factors as more likely to cause loss of follow-
up: age <60 years old, injection drug use (IDU), on opioid
substitution therapy, and cirrhosis (30). They also cited high
rates of IDU as one reason for the low rates of persistence
of hospital visits among young people. Patients younger
than 60 years old in the present study also tended to have
significantly shorter hospital visits than older patients, but
IDU was not assessed. However, the frequency of IDU in
Japan is reported to be low compared to other coun-
tries (31). The HCV genotype of IDU patients in Japan is
reportedly more common other than genotype 1 (32). How-
ever, since the present study included patients receiving
combination therapy with DCV+ASYV, all cases analyzed
were genotype 1. Therefore, it is unlikely that IDU was a
major factor affecting the duration of hospital visits in the
present study. In addition to the fact that young patients
have high levels of social activity and find it difficult to visit
regularly, the number of patients with relatively mild fibrosis
and less severe complications may have influenced the dura-
tion of outpatient visits, and providing assistance, such as
employment support, to patients with high social activity
will likely continue to be an issue. For workers, it is consid-
ered important to introduce them to institutions where they
can be examined on a schedule that fits with their working
style and occupation. Regarding the financial burden associ-
ated with hospital visits, Japan has established a system to
subsidize the cost of periodic examinations, and the cost of
up to two examinations per year is subsidized. Publicizing
this system is expected to reduce the financial burden asso-
ciated with regular follow-up and lead to continued visits to
the hospital. To support these measures, the employment
support model was started in FY2014. In addition, guidance
to support measures by hepatitis medical coordinators may
be useful (33). In the Japanese medical system, most re-
gional core hospitals are positioned as “special functioning
hospitals” (https://www.mhlw.go.jp/english/wp/wp-hw3/dl/2-
027.pdf) or “regional medical care support hospitals” (http
s://[www.mhlw.go.jp/english/wp/wp-hw3/dl/2-028.pdf) and
play a role as the core of regional medical care cooperation,
providing advanced medical services and patients referred
from regional medical institutions. These institutions are re-
quired to play a role in regional medical care by receiving
referrals from regional medical institutions for patients who
need advanced treatment and conversely refer patients who
no longer need advanced treatment to regional medical insti-
tutions. In this study, we classified institutions with fewer
than 300 beds and non-bed clinics as Group A institutions
and those with 300 beds or more as Group B institutions.
Most of the Group B institutions were special functioning
hospitals or regional medical care support hospitals or
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Figure 3. Persistence rate for hospital visits of same institution. (a) All patients. The 1-, 3-, and
5-year persistence rates for hospital visits to the same institution were 97.5%, 82.5%, and 67.7 %, re-
spectively. (b) Institution attribute. The 1-, 3-, and S-year persistence rates for hospital visits to the
same institution were 98.6 %, 86.6 %, and 71.7 % in Group A and 96.0%, 78.5%, and 63.9% in Group
B, respectively (p=0.039). (c) Age <60 years old or >60 years old. There was no significant difference
between subjects <60 years old or >60 years old. (d) FIB-4 index <3.25 and >3.25. There was no sig-
nificant difference between subjects with an FIB-4 index <3.25 and >3.25. (e) Patients with or without
a history of HCC. The 1-, 3-, and 5-year persistence rates for hospital visits to the same institution
were 96.1%, 80.7 %, and 65.6 % in patients without a history of HCC and 100 %, 93.4 %, and 80.6 % in
patients with a history of HCC, respectively (p=0.009). (f) Treatment effect of SVR and no SVR.
There was no significant difference between subjects with and without an SVR. FIB-4: fibrosis-4,
HCC: hepatocellular carcinoma, SVR: sustained viral response

Table 6. A Multivariate Analysis of the Interruption for Hospi-
tal Visits to the Same Institution.

Hazard ratio 95% C1 p value
Past history of HCC 0.409 0.218-0.765 0.005
Age >60 0.800 0.530-1.209  0.289
FIB-4 index 1.002 0.955-1.052  0.937
Institution attribute Group B 1.530 1.085-2.185 0.015

HCC: hepatocellular carcinoma, FIB-4: fibrosis-4, CI: confidence interval

equivalent institutions. Except for those patients at a very
high risk of new hepatocarcinogenesis, many patients who
completed the DAA treatment did not require advanced
medical care for the management of their liver disease and
were thus referred to other community hospitals after the re-
sponse to treatment was confirmed. Indeed, the patients with
a history of HCC had a significantly higher follow-up rate at
the same institution and were more likely to be treated at a

specialized institution than small or medium-sized institu-
tions. This suggests that many of the patients with a history
of HCC were adequately followed up at specialized centers.
In the present study, DAA treatment was found to be widely
performed in Group A institutions (general medical institu-
tions), and appropriate follow-up was provided afterwards.
In Japan, regional core centers for the treatment of liver dis-
ease were established in each of the 47 prefectures between
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Figure 4. The overall survival. (a) The overall survival was significantly longer in the FIB-4 index
<3.25 group than in the >3.25 group (p=0.048). (b) The overall survival was significantly longer in the
patients without a history of HCC (p=0.013). (¢) The group that obtained an SVR with DCV+ASV
therapy had a significantly longer overall survival than the group without an SVR (p<0.001). FIB-4:
fibrosis-4, HCC: hepatocellular carcinoma, SVR: sustained viral response
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Figure 5. Liver disease-related mortality. (a) Significantly reduced number of liver disease-related
deaths in the treatment effect of an SVR group (p=0.007). (b) The rate of liver disease-related deaths
was significantly worse in the group with a history of HCC than in the group without such a history
(p=0.002). SVR: sustained viral response, HCC: hepatocellular carcinoma

2007 and 2011 to serve as centers of excellence for hepatitis
treatment in the region and to improve access to hepatitis
care by organizing training sessions for specialists and non-
specialists (33). In our prefecture, regional core centers are
cooperating with each other to provide medical care for liver
diseases, and DAA treatment is also actively being per-
formed in non-specialized medical institutions. There is no
significant difference in the actual treatment outcome be-
tween general medical institutions and specialized medical
institutions, suggesting that medical care for hepatitis C is
being performed correctly in a wide range of fields.

Several limitations associated with the present study war-
rant mention. First, it is a retrospective study in which the
methods of follow-up and liver cancer screening were not
consistent, and differences are expected among institutions.
Second, we were unable to track the extent to which pa-

tients had been referred to other hospitals after treatment.
Finally, the study was associated with some limitations, and
the evaluation of the cancer risk after DAA treatment was
therefore incomplete.

In conclusion, there is a risk of hepatocarcinogenesis even
after achieving an SVR with DAA, so follow-up is neces-
sary. In this study, the majority of patients seem to have re-
ceived appropriate follow-up after DAA treatment, including
monitoring for hepatocarcinogenesis. However, in younger
patients, the interruption of hospital visits was rather fre-
quent, and this problem will likely need to be addressed in
the future, including employment support.
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