Articles

Effect of direct-acting antivirals on disease burden of hepatitis ®)

Check for
updates

C virus infection in South Korea in 2007-2021: a nationwide,
multicentre, retrospective cohort study

Won Sohn,*f Soo Young Park > Tae Hee Lee, Young Eun Chon,® In Hee Kim,® Byung-Seok Lee, Ki Tae Yoon,? Jae Young jcmg,h Yu Rim Lee,
Su Jong Yu] Won-Mook Choi® Sang Gyune Kim,' Dae Won Jun,™ Joonho Jeong," Ji Hoon Kim,° Eun Sun Jang,” Hwi Young Kim," Sung Bum Cho,"
Byoung Kuk Jang,® Jung Gil Park," Jin-Woo Lee,” Yeon Seok Seo,” Jung Il Lee,” Do Seon Song, Moon Young Kim,” Hyung Joon Yim,”

Dong Hyun Sinn,*® Sang Hoon Ahn,®** Young Seok Kim,' Heejoon Jang,** Won Kim,*** Seungbong Han,"*** and Seung Up Kim®®****

®Kangbuk Samsung Hospital, Sungkyunkwan University, Seoul, South Korea

PKyungpook National University Hospital, Kyungpook National University, Daegu, South Korea

“Konyang University College of Medicine, Daejeon, South Korea

dCHA Bundang Medical Centre, CHA University, Seongnam, South Korea

¢Chonbuk National University Hospital, Chonbuk National University Medical School, Jeonju, South Korea
fChungnam National University Hospital, Chungnam National University School of Medicine, Daejeon, South Korea
9Pusan National University Yangsan Hospital, Pusan National University College of Medicine, Yangsan, South Korea
Pnstitute for Digestive Research, Digestive Disease Center, Soonchunhyang University College of Medicine, Seoul, South Korea
iKyungpook National University Chilgok Hospital, Kyungpook National University, Daegu, South Korea

JLiver Research Institute, Seoul National University College of Medicine, Seoul, South Korea

KLiver Centre, Asan Medical Centre, University of Ulsan College of Medicine, Seoul, South Korea

ISoonchunhyang University Hospital Bucheon, Soonchunhyang University College of Medicine, Bucheon, South Korea
MHanyang University Hospital, Hanyang University College of Medicine, Seoul, South Korea

"Ulsan University Hospital, Ulsan University College of Medicine, Ulsan, South Korea

°Guro Hospital, Korea University College of Medicine, Seoul, South Korea

PSeoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam, South Korea
9College of Medicine, Ewha Womans University, Seoul, South Korea

"Chonnam National University Hospital, Chonnam National University, Hwasun, South Korea

*Keimyung University School of Medicine, Daegu, South Korea

*Yeungnam University College of Medicine, Daegu, South Korea

“Inha University Hospital, Inha University School of Medicine, Incheon, South Korea

Korea University Anam Hospital, Korea University College of Medicine, Seoul, South Korea

“Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, South Korea

*St. Vincent's Hospital, College of Medicine, The Catholic University of Korea, Suwon, South Korea

YYonsei University Wonju College of Medicine, Wonju, South Korea

“Korea University Ansan Hospital, Korea University College of Medicine, Ansan, South Korea

*Samsung Medical Centre, Sungkyunkwan University School of Medicine, Seoul, South Korea

®yonsei University College of Medicine, Seoul, South Korea

*Yonsei Liver Centre, Severance Hospital, Seoul, South Korea

2d5e0ul Metropolitan Government Seoul National University Boramae Medical Centre, Seoul National University College of Medicine,
Seoul, South Korea

**Department of Biostatistics, Korea University College of Medicine, Seoul, South Korea
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Background It is unclear whether direct-acting antivirals (DAAs) treatment improves the disease burden in hepatitis C 292473 102671
virus (HCV) infection. This study aimed to investigate the effect of DAA treatment on the reduction of disease burden
in patients with HCV infection using individual participant data.
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Methods This nationwide multicentre retrospective cohort study recruited patients with HCV infection from 29
tertiary institutions in South Korea. The data collection was done from medical records in each institution. The study
included the untreated patients and the DAAs-treated patients and excluded those with a history of interferon-based
treatments. Disease burden was the primary outcome, as represented by disability-adjusted life years (DALYs).
Improvement in fibrosis after DAA treatment was assessed using APRI, FIB-4 index, and liver stiffness (LS) as
assessed by transient elastography. Clinical outcomes were hepatocellular carcinoma (HCC), decompensation, and
mortality.

Findings Between January 1, 2007, and February 17, 2022, data from 11,725 patients with HCV infection, 8464 (72%)
of whom were treated with DAAs, were analysed. DAA treatment significantly improved APRI- (median 0.64
[interquartile range (IQR), 0.35-1.31]-0.33 [0.23-0.52], p < 0.0001), FIB-4- (median 2.42 [IQR, 1.48-4.40]-1.93
[1.31-2.97], p < 0.0001), and liver LS-based fibrosis (median 7.4 [IQR, 5.3-12.3]-6.2 [4.6-10.2] kPa, p < 0.0001).
During the median follow-up period of 27.5 months (IQR, 10.6-52.4), 469 patients died (4.0%), 586 (5.0%)
developed HCC, and 580 (4.9%) developed decompensation. The APRI-based DALY estimate was significantly
lower in the DAA group than in the untreated group (median 4.55 vs. 5.14 years, p < 0.0001), as was the FIB-4-
based DALY estimate (median 5.43 [IQR, 3.00-6.44] vs. 5.79 [3.85-8.07] years, p < 0.0001). The differences
between the untreated and DAA groups were greatest in patients aged 40-60 years. In multivariable analyses, the
DAA group had a significantly reduced risk of HCC, decompensation, and mortality compared with the untreated
group (hazard ratios: 0.41 [95% confidence interval (CI), 0.34-0.48], 0.31 [95% CI, 0.30-0.38], and 0.22 [95% CI,
0.17-0.27], respectively; p < 0.0001).

Interpretation Our findings suggest that DAA treatment is associated with the improvement of liver-related outcomes
and a reduction of liver fibrosis-based disease burden in patients with HCV infection. However, further studies using
liver biopsy are needed to clarify the effect of DAA treatment on the reduction in the exact fibrosis-based disease
burden beyond noninvasive tests.

Funding The Korea Disease Control and Prevention Agency.

Copyright © 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

We searched PubMed for studies published until August 31,
2023, using search terms hepatitis C virus (HCV), direct-acting
antivirals (DAAs), liver fibrosis, liver cirrhosis, hepatocellular
carcinoma (HCC), decompensation, mortality, disease burden,
disability-adjusted life years (DALYs), aspartate
aminotransferase to platelet ratio (APRI) score, Fibrosis-4
(FIB-4) index, liver stiffness, and transient elastography with
search terms found in abstract, title or MESH headings. We
also searched references listed in the identified papers.
Previous studies have indicated that the use of DAAs is
associated with a lower risk of liver-related events such as HCC
development, decompensation, and liver-related mortality in
patients with HCV infection. However, little is known whether
DAA treatment improves the disease burden, with respect to
DALYs. In particular, there is lack of data on the effect of DAA
treatment on disease burden considering liver fibrosis.

Added value of this study
The results of our nationwide, multicentre, retrospective
cohort study suggest that DAA treatment reduces liver

fibrosis-based disease burden, measured by DALYs, using
individual participant data. DAA treatment in patients with
HCV infection may also reduce liver-related events such as
HCC development, hepatic decompensation, and liver-related
mortality. Early detection of HCV infection and immediate
DAA usage are crucial strategies for reducing both liver
fibrosis-based disease burden and improving clinical
outcomes.

Implications of all the available evidence

DAA treatment may be associated with the improvement of
liver-related outcomes and the reduction of disease burden in
patients with HCV infection. In this study, there is a limitation
on the assessment of fibrotic burden. Liver fibrosis was
assessed by noninvasive tests (APRI score, FIB-4 index, and
transient elastography). Further studies using liver biopsies
obtained pre- and post-DAA are needed to clarify the
relationship between non-invasive fibrosis tests and liver
histologic findings.
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Introduction
The hepatitis C virus (HCV) is a major cause of chronic
liver disease and can cause chronic hepatitis C (CHC),
liver cirrhosis, hepatocellular carcinoma (HCC), decom-
pensation, end-stage liver disease, and death. In 2019, an
estimative revealed 58 million people worldwide living
with CHC and 290,000 HCV-related deaths,' clearly
indicating the high burden of HCV-related diseases.'
Recently, a paradigm shift from interferon-based to
direct-acting antiviral (DAA) treatments for CHC
occurred. Recent meta-analyses have shown that DAA
therapy reduces the risk of HCC, decompensation, and
mortality in patients with CHC.? Sustained virological
response (SVR) to DAA treatment in cirrhotic patients
with CHC improved portal hypertension and reduced
the hepatic venous pressure gradient.’ Resolution of
ascites and hepatic encephalopathy, and an absence of
variceal bleeding in decompensated cirrhosis, were
evident in patients with CHC who achieved an SVR to
DAA treatment.” SVR to DAA treatment decreased the
risk of HCC in patients with CHC. The use of DAA for
CHC reduced all-cause mortality and liver-related mor-
tality in large population-based cohorts® and a meta-
analysis.” In patients with CHC, recently developed
DAAs have pan-genotypic efficacy, enabling the reversal
of fibrosis in patients achieving SVR. Therefore, the
improvement in or remainder of the fibrotic burden
after DAA treatment, which determines the post-SVR
long-term outcomes, has recently been of interest.®
The disability-adjusted life year (DALY) is a measure
of overall disease burden, presented as the number of
years lost due to ill health, disability, or early death,
which can compare the effect of a disease on overall
health and life expectancy at the population level in
different countries.” In this study, we used individual
participant data (IPD) to examine the fibrotic burden
after DAA treatment and investigate whether this
treatment improved the disease burden in South Korean
patients with CHC. In addition, we investigated whether
DAA treatment reduced the risk of liver-related events,
such as HCC, decompensation, liver transplantation,
and mortality.

Methods

Study design and participants

This nationwide, multicentre, retrospective cohort study
recruited patients with CHC, either untreated or treated
with DAA, from 29 tertiary academic institutes in South
Korea between January 1, 2007, and February 17, 2022.
The data collection was done from medical records in
each institution. In this study, we did not include patients
with a history of interferon-based therapy, because the
study aim was to investigate the effect of DAA treatment
on the disease burden of CHC. Because DAAs were
introduced in South Korea in December 2014, patients in
the “DAA group” were recruited between January 1,
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2015, and February 17, 2022, whereas those in the “un-
treated group” were recruited between January 1, 2007,
and February 17, 2022. Patients untreated during January
1, 2007, to December 31, 2014 who received DAA therapy
from January 1, 2015, to February 17, 2022 were included
in the “DAA group”. The last follow-up date was
December 31, 2022. Accordingly, there was no overlap
between the “untreated group” and the “DAA group”.
The index date was the first appointment for patients in
the “untreated group” and the date of the first DAA
prescription for those in the “DAA group”. Of the 12,417
patients recruited, 692 were excluded per the following
exclusion criteria: 1) past HCV infection; 2) other causes
of chronic liver disease; 3) history of HCC, decompen-
sation, or liver transplantation; 4) co-infection with hep-
atitis B virus or human immunodeficiency virus; 5)
insufficient clinical and laboratory data; and 6) insuffi-
cient follow-up of <3 months (Fig. 1). This study followed
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guidelines.

Ethics

The study was carried out in accordance with the Hel-
sinki II ethics regulations. All participants gave elec-
tronic informed consent prior to the experiment. This
study was approved by the Institutional Review Board of
each participating institute. The requirement for written
informed consent was waived because of the retro-
spective nature of the study. Medical records were
anonymized and de-identified before analysis.

Definitions

The “untreated group” was defined as patients who did
not receive any antiviral treatment for CHC. The “DAA
group” was defined as patients who were treated with
DAAs with or without ribavirin; drug treatment regi-
mens included daclatasvir + asunaprevir, elbasvir/gra-
zoprevir, glecaprevir/pibrentasvir, ledipasvir/sofosbuvir,
ombitasvir/paritaprevir/ritonavir + dasabuvir, sofosbu-
vir, and sofosbuvir + daclatasvir. For the DAA group,
SVR12 was defined as undetectable HCV RNA 12 weeks
after the end of treatment.

Follow-up and surveillance

HCC surveillance was performed using ultrasonography
and AFP testing every 3—-6 months. If serum AFP was
elevated, computed tomography or magnetic resonance
imaging was done to rule out HCC depending on phy-
sician’s decision. Liver cirrhosis was diagnosed based on
ultrasonographic detection of small liver size, nodular
liver surface, and coarse liver parenchyma. Significant
alcohol consumption was defined as alcohol intake
>210 g per week for male or >140 g per week for female.

Fibrosis assessment
Liver fibrosis was evaluated using noninvasive surrogate
measures, including the aspartate aminotransferase to
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Patients with chronic hepatitis C and no history of interferon-based therapy from 29 tertiary
academic institutes in South Korea between January 1, 2007, and February 17,2022 (n=12,417)

Exclusions (n=692)
- Past infection of hepatitis C virus

- Insufficient follow-up of < 3 months

- Co-infection with hepatitis B virus or human immunodeficiency virus

- Other causes of chronic liver disease

- History of hepatocellular carcinoma, decompensation, or liver transplantation
- Insufficient clinical and laboratory data

Patients included in the final analysis (n=11,725)

Fig. 1: Flow diagram of study patients.

platelet ratio index (APRI),® the Fibrosis-4 (FIB-4) index,’
and liver stiffness (LS) as assessed by vibration-
controlled transient elastography (TE). The fibrosis
stage was determined as follows: APRI <0.7 indicated
stage 0-1, 0.7-2.0 indicated stage 2-3, and >2.0 indi-
cated stage 4% FIB-4 index <1.45 indicated stage O,
1.45-3.25 indicated stage 1-2, and >3.25 indicated stage
3—4% and LS 6.7 kPa indicated stage 0-1, 6.8-8.5 kPa
indicated stage 2, 8.6-14.4 kPa indicated stage 3, and
>14.5 kPa indicated stage 4.

Study outcomes

The primary outcome was disease burden, assessed
using the DALY." Of the two calculation strategies,
incidence-based and prevalence-based, we selected the
incidence-based approach owing to our IPD cohort
(DALY _basic).”” To compute the Years Lost due to
Disability (YLD) and Years of Life Lost (YLL), the
disability weights of disease, disease-onset time, dis-
ease duration, time of mortality, and expected time of
mortality were determined according to the disability
weights provided in the South Korea 2020 updated
report'”” and the life expectancy data released by Sta-
tistics Korea in 2012." Disability weights of CHC and
CHC-related cirrhosis, and fibrotic burden assessed
using the APRI, the FIB-4 index, and LS by TE were
used for the «calculations. Discounting and age
weighting were also used to compute a second DALY
calculation (DALY_weighted)." The detailed methods
were described in Supplementary Materials and
Supplementary Tables S1 and S2.

Additionally, we defined the survival outcomes of
patients with HCC as decompensation (ascites, variceal
hemorrhage, hepatic encephalopathy, spontaneous bac-
terial peritonitis, and hepatorenal syndrome), liver
transplantation, and mortality. The composite endpoint
was defined as the development of any of these out-
comes. We also analysed differences in the composite

outcome according to fibrosis stage based on the APRI,
FIB-4 index, and LS in TE.

Statistical analysis

The median value with interquartile range (IQR) was
calculated for continuous variables except YLL, and fre-
quencies with percentages were calculated for categorical
variables. Details on YLL data presentation are provided in
the Supplementary Materials. In this study, the variables
included in the statistical analysis were defined as follows.
The primary outcome was the disease burden in terms of
DALYs. The secondary outcomes were clinical events
such as decompensation (ascites, variceal hemorrhage,
hepatic encephalopathy, spontaneous bacterial peritonitis,
and hepatorenal syndrome), liver transplantation, and
mortality. The exposure (predictor) was antiviral treatment
(use of DAAs). Potential confounders included age, sex,
diabetes, hypertension, and alcohol intake. The effect
modifier was the liver fibrosis stage. The Cox proportional
hazards model was used to determine how DAA treat-
ment affected time-to-event outcomes after adjusting for
significant risk factors. In the multivariable analysis, the
multiple imputation method was used to address missing
values (Supplementary Table S3). In addition, we con-
ducted a multivariable complete case analysis as a sensi-
tivity analysis. To manage missing data, we used multiple
imputation in the R package Amelia," recognized for its
effective handling of such scenarios. The detailed method
using the R package Amelia was described in Supple-
mentary Materials. The combination of estimated
regression coefficients and standard errors was achieved
using Rubin’s rule,” employing the R package mitools. We
present outcomes of gamma and Cox regressions based
on the 10 imputation sets. We performed a competing
risk analysis specifically for liver-related death outcomes,
in which outcomes unrelated to the liver were regarded as
the competing risk. Liver-related death was defined as
death after one of HCC, liver transplantation, hepatic
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resection, or decompensation (ascites, variceal hemor-
rhage, hepatic encephalopathy, spontaneous bacterial
peritonitis, and hepatorenal syndrome). We estimated
cumulative incidence functions for the control and DAA
groups and evaluated their equality across groups using
Fine and Gray’s proportional hazards model for the sub-
distributions.'® The R package cmprsk was used to conduct
the competing risk analysis. In addition, a propensity
score matching method was also conducted to adjust for
potential confounding factors with a greedy algorithm.
The DALYs (DALY_basic and DALY_weighted) based on
the APRI, the FIB-4 index, or LS are presented as median
with IQR and compared between untreated and DAA
groups using the Wilcoxon rank-sum test. We also
compared the DALYs among three age groups (age <40,
>40 and <60, and >60 years). Additionally, we fitted a
gamma generalized linear model (GLM) with the log link
function to the DALYs because they were continuous and
non-negative. The detailed methods of statistical analyses
were described in Supplementary Materials. All reported
p-values were two-sided; a p-value <0.05 was considered
significant. R software version 3.6.1 (R Foundation for
Statistical Computing, Vienna, Austria, http://cran.r-
project.org/) was used for statistical analyses. The R
packages Matchlt” and geese were used for matching
analyses and generalized estimating equation model,
respectively.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. All authors had full access to all the data in
the study and accept responsibility for the decision to
submit for publication.

Results

Baseline characteristics

In total, 11,725 patients with CHC were recruited for
this study. The baseline characteristics of the study
population are presented in Table 1. The median age
was 59.8 years (IQR, 51.1-69.2); 44.2% of patients
(n = 5182) were male. The median APRI, FIB-4 index,
and LS were 0.67 (IQR, 0.36-1.39), 2.49 (IQR,
1.49-4.57), and 7.5 (IQR, 5.3-12.5) kPa, respectively.
The proportion of patients with ultrasonographic find-
ings of cirrhosis and significant alcohol consumption
was 22.5% (n = 2635) and 14.8% (n = 1482), respectively.
The median HCV RNA level was 966,000 Ip/mL (IQR,
134,338-3,280,000) and most patients had either HCV
genotype 1 (53.0%, n = 5348) or 2 (45.0%, n = 4529).

Comparison between the untreated and DAA
groups

Patients in the untreated group were older than those in
the DAA group (median 60.6 [IQR, 50.0-70.0] vs. 59.5
[IQR, 51.4-68.6] years, p = 0.027) and more likely to be
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male (47.1% [n = 1536] vs. 43.1% [n = 3646], p < 0.0001).
Diabetes and hypertension were more prevalent in the
untreated group compared with the DAA group (21.0%
[n = 684] vs. 17.29% [n = 1455], and 28.5% [n = 931] vs.
25.1% [n = 2128], respectively; both p < 0.0001). How-
ever, significant alcohol consumption was more preva-
lent in the DAA group compared with the untreated
group (15.4% [n = 333] vs. 13.1% [n = 1149], p = 0.004).
The median APRI (0.76 [IQR, 0.39-1.60] vs. 0.64 [IQR,
0.35-1.31], p < 0.0001), FIB-4 index (2.66 [IQR,
1.51-5.07] vs. 2.42 [IQR, 1.48-4.40], p < 0.0001), and LS
(7.9 [IQR, 5.4-14.5] vs 7.4 [IQR, 5.3-12.3] kPa, p = 0.012)
were higher in the untreated group than in the DAA
group. The median follow-up periods in the untreated
and DAA groups were 31.8 (IQR, 7.4-81.7) and 26.7
(IQR, 11.3-48.0) months, respectively. DAA regimens
included daclatasvir/asunaprevir in 1564 (18.5%) pa-
tients, elbasvir/grazoprevir in 753 (8.9%) patients, gle-
caprevir/pibrentasvir in 2356 (27.8%) patients,
ledipasvir/sofosbuvir in 1166 (13.8%) patients, ombi-
tasvir/paritaprevir/ritonavir/dasabuvir in 278 (3.3%)
patients, sofosbuvir in 2252 (26.6%) patients, and
sofosbuvir/daclatasvir in 95 (1.1%) patients.

Liver fibrosis stage before and after DAA treatment
Liver fibrosis stage estimates before and after DAA
treatment in the DAA group are summarized in Table 2.
The use of DAAs in CHC improved liver fibrosis, as
measured by the APRI, the FIB-4 index, and LS by TE.
The proportion of patients with CHC in the DAA group
who achieved SVR12 was 95.8% (n = 8105).

Comparison of disease burden between the
untreated and DAA groups

Disease burden according to the fibrosis surrogate
measures is summarized in Table 3. When disease
burden was calculated according to the APRI, YLD was
statistically similar between the two groups, whereas
YLL basic and YLL weighted were significantly lower in
the DAA group than in the untreated group (mean
0.24 + standard deviation [SD] 2.41 vs. 1.73 + 5.78 years,
and 0.12 + 1.24 vs. 0.85 + 2.96 years, respectively; both
p < 0.0001). When YLD and YLL were combined,
DALY_basic and DALY_weighted were lower in the
DAA group than in the untreated group (median 9.19
[IQR, 6.41-12.56] vs. 10.29 [IQR, 6.87—14.64] years and
4.55 [IQR, 3.00-6.44] vs. 5.14 [IQR, 3.18-7.71] years,
respectively; both p < 0.0001). Similar findings were
observed, when FIB-4 index was used. However, LS-
based disease burden was statistically similar between
the untreated and DAA groups (p > 0.050).

Independent risk factors for DALY

The use of DAAs was selected as an independent risk
factor for the reduction in the APRI-, the FIB-4 index-,
and LS-based DALY_basic (estimated coefficients: —0.15,
95% for ARPI, —0.10 for FIB-4 index, and —0.07 for LS;
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Variables Overall (n = 11,725) Untreated (n = 3,261, 28%) DAA (n = 8,464, 72%) p-value
HCV genotype

1 5348 (53.0) 1169 (51.7) 4179 (53.5)

2 4529 (45.0) 1029 (45.6) 3500 (44.8)

Others 197 (2.0) 1(27) 136 (1.7)

HCV RNA, Ip/mL 966,000 (134,338-3,280,000) 615,000 (66,100-2,455,908) 1,117,044 (174,000-3,540,000) <0.0001
Log (HCV RNA) 13.8 (11.8-15.0) 133 (11.1-147) 13.9 (12.1-15.1) <0.0001
Age, years 59.8 (51.1-69.2) 60.6 (50.0-71.0) 59.5 (51.4-68.6) 0.027
Sex

Male 5182 (44.2) 1536 (47.1) 3646 (43.1)

Female 6543 (55.8) 1725 (52.9) 4818 (56.9) <0.0001
BMI, kg/m? 23.7 (21.5-26.0) 23.4 (21.2-257) 23.8 (21.6-26.0) <0.0001
Diabetes mellitus 2139 (18.2) 684 (21.0) 1455 (17.2) <0.0001
Hypertension 3059 (26.1) 931 (28.5) 2128 (25.1) <0.0001
Significant alcohol consumption 1482 (14.8) 333 (13.1) 1149 (15.4) 0.004
Cirrhosis 2635 (22.5) 755 (23.2) 1880 (22.2) 0.28
LS in TE, kPa 5 (5.3-12.5) 9 (5.4-14.5) 4 (53-123) 0.012
CAP in TE, dB/m 222 (196 251) 218 (192-243) 223 (197-252) 0.011
APRI score 0.67 (0.36-1.39) 0.76 (0.39-1.60) .64 (0.35-1.31) <0.0001
FIB-4 index 49 (1.49-4.57) 2.66 (1.51-5.07) 2.42 (1.48-4.40) <0.0001
WBC count, 10%/L 4 (4.3-6.6) 5 (4.3-7.0) 3 (43-6.5) <0.0001
Hemoglobin, g/dL 13. 6 (12.5-14.7) 13.3 (12.1-14.5) 137 (12.7-14.7) <0.0001
Platelet count, 10°/L 6 (129-223) 173 (122-223) 78 (132-223) 0.0060
AFP, ng/mL 4 (2.8-8.7) 6 (2.8-10.5) 4 (2.8-8.4) 0.0060
AST, IU/L 45 (28-76) 8 (30-83) 43 (28-73) <0.0001
ALT, IU/L 8 (23-74) 42 (24-83) 37 (22-71) <0.0001
Total bilirubin, mg/dL 7 (0.5-1.0) 7 (0.5-1.0) 7 (0.5-1.0) <0.0001
Serum albumin, g/dL 2 (3.9-4.4) 1(3.7-4.3) 2 (4.0-4.5) <0.0001
Serum creatinine, g/dL 8 (0.7-0.9) 8 (0.7-1.0) 8 (0.6-0.9) <0.0001
Prothrombin time, INR 1.03 (0.98-1.10) 1.05 (0.99-1.13) 1.02 (0.97-1.09) <0.0001
Total cholesterol, mg/dL 160 (138-185) 155 (132-181) 162 (140-187) <0.0001
Fibrosis stage by APRI score <0.0001

Stage 0 5817 (51.4) 1470 (47.0) 4347 (53.1)

Stage 2-3 3734 (33.0) 1070 (34.2) 2664 (32.6)

Stage 4 1758 (15.5) 585 (18.7) 1173 (14.3)

Fibrosis stage by FIB-4 index

Stage 0 2707 (24.0) 738 (23.7) 1969 (24.1)

Stage 1-2 4323 (38.3) 1069 (34.3) 3254 (39.8)

Stage 3-4 4253 (37.7) 1307 (42.0) 2946 (36.1) <0.0001
Fibrosis stage by LS

Stage 0-1 2378 (42.6) 266 (40.5) 2112 (42.8)

Stage 2 816 (14.6) 7 (13.3) 729 (14.8)

Stage 3 1229 (22.0) 136 (20.7) 1093 (22.2)

Stage 4 1163 (20.8) 167 (25.5) 996 (20.2) 0.024
Variables are expressed as n (%) or median (interquartile range). Abbreviations: DAA, direct acting antiviral; HCV, hepatitis C virus; BMI, body mass index; LS, liver stiffness;
TE, transient elastography; kPa, kilopascal; CAP, controlled attenuation parameter; ARPI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4; WBC, white
blood cell; AFP, alpha-fetoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; INR, international normalized ratio.

Table 1: Baseline characteristics.

p < 0.0001, p < 0.0001, and p = 0.0026, respectively) and
DALY_weighted (estimated coefficients: -0.16 for
ARPI, -0.10 for FIB-4 index, and —-0.08 for LS; p < 0.0001,
p < 0.0001, and p = 0.0014, respectively) scores in mul-
tiple imputation method (Table 4). The same tendency
was shown in complete case analysis (Supplementary
Table S4).

A subgroup analysis was performed based on the
presence of FIB-4 index- and LS-determined advanced
liver fibrosis & cirrhosis (Supplementary Tables S5
and S6). In patients with advanced fibrosis as deter-
mined by the FIB-4 index, DALY_basic and
DALY_weighted scores were significantly lower in the
DAA group than in the untreated group (median 12.19
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Fibrosis stage Before DAA treatment After DAA treatment p-value
APRI score 0.64 (0.35-1.31) 0.33 (0.23-0.52) <0.0001
Fibrosis stage by APRI score

Stage 0-1 3576 (52.7) 5751 (84.8) <0.0001

Stage 2-3 2206 (32.5) 909 (13.4)

Stage 4 1002 (14.8) 124 (1.8)

FIB-4 index 2.42 (1.48-4.40) 1.93 (1.31-2.97) <0.0001
Fibrosis stage by FIB-4 index

Stage 0 1581 (23.4) 2050 (30.4) <0.0001

Stage 1-2 2692 (39.9) 3254 (48.2)

Stage 3-4 2474 (36.7) 1443 (21.4)

LS (kPa) 4 (53-12.3) 2 (4.6-10.2) <0.0001
Fibrosis stage by LS

Stage 0-1 509 (37.0) 774 (56.3) <0.0001

Stage 2 206 (15.0) 162 (11.8)

Stage 3 318 (23.1) 251 (18.3)

Stage 4 341 (24.8) 187 (13.6)

Variables are expressed as median (interquartile range) or n (%). The fibrosis stage was determined as follows: APRI <0.7 indicated stage 0-1, 0.7-2.0 indicated stage 2-3,
and >2.0 indicated stage 4; FIB-4 index <1.45 indicated stage 0, 1.45-3.25 indicated stage 1-2, and >3.25 indicated stage 3-4; and LS < 6.7 kPa indicated stage 0-1,
6.8-8.5 kPa indicated stage 2, 8.6-14.4 kPa indicated stage 3, and >14.5 kPa indicated stage 4. Abbreviations: DAA, direct acting antiviral; LS, liver stiffness; ARPI, aspartate
aminotransferase to platelet ratio index; FIB-4, fibrosis-4.

Table 2: Liver fibrosis stage before and after DAA treatment.

[IQR, 8.23-15.95] vs. 12.61 [IQR, 8.45-17.65] years,
p = 0.001 and 5.74 [IQR, 3.57-7.95] vs. 5.87 [IQR,

significant difference in DALYs based on LS between
the untreated and DAA groups was observed (both

3.72-8.89] years, p = 0.003, respectively). However, no p = 0.16).

Disease burden variables Overall Untreated DAA p-value

APRI score-based disease burden
YLD_basic 9.08 (6.01-12.68) 9.09 (5.41-13.33) 9.08 (6.24-12.33) 0.16
YLD_weighted 4.48 (2.79-6.53) 4.48 (2.48-6.92) 4.48 (2.90-6.35) 0.39
YLL_basic 0 (0-0) 0.71 + 3.87 0 (0-0) 1.73 + 5.78 0 (0-0) 0.24 + 2.41 <0.0001
YLL_weighted 0 (0-0) 0.35 + 1.98 0 (0-0) 0.85 + 2.96 0 (0-0) 0.12 + 1.24 <0.0001
DALY_basic 9.49 (6.52-13.26) 10.29 (6.87-14.64) 9.19 (6.41-12.56) <0.0001
DALY_weighted 471 (3.04-6.78) 5.14 (3.18-7.71) 4.55 (3.00-6.44) <0.0001

FIB-4 index-based disease burden
YLD_basic 10.76 (7.74-14.16) 10.57 (7.01-14.30) 10.84 (8.01-14.10) <0.0001
YLD_weighted 5.33 (3.58-7.28) 5.21 (3.19-7.45) 5.36 (3.75-7.23) 0.001
YLL_basic 0 (0-0) 0.70 + 3.84 0 (0-0) 1.70 £ 5.72 0 (0-0) 0.24 £ 2.41 <0.0001
YLL_weighted 0 (0-0) 0.35 + 1.97 0 (0-0) 0.84 + 2.92 0 (0-0) 0.12 £ 1.25 <0.0001
DALY_basic 11.15 (8.25-14.57) 11.56 (8.41-15.42) 10.96 (8.19-14.22) <0.0001
DALY_weighted 5.52 (3.84-7.48) 5.79 (3.85-8.07) 5.43 (3.84-7.29) <0.0001

LS-based disease burden
YLD_basic 10.01 (7.15-13.72) 9.94 (6.71-13.62) 10.06 (7.35-13.75) 0.17
YLD_weighted 4.99 (3.33-7.05) 4.92 (3.11-7.02) 5.02 (3.41-7.05) 033
YLL_basic 0 (0-0) 536 + 2.91 0 (0-0) 1.04 + 4.62 0 (0-0) 0.22 + 227 <0.0001
YLL_weighted 0 (0-0) 0.24 = 1.63 0 (0-0) 0.51 + 2.36 0 (0-0) 0.10 + 1.11 <0.0001
DALY_basic 10.27 (7.44-14.08) 10.56 (7.41-14.39) 10.13 (7.46-13.90) 0.19
DALY _weighted 5.09 (3.46-7.27) 5.25 (3.45-7.52) 5.04 (3.46-7.12) 0.14

Variables are expressed as median (interquartile range), and YLL is also expressed as mean + SD. YLD, YLL, and DALY were calculated without or with age-weighting and
discounting (‘basic’ or ‘weighted’). Abbreviations: DAA, direct acting antiviral; LS, liver stiffness; ARPI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4;
YLD, Years Lost due to Disability; YLL, Years of Life Lost; DALY, disability-adjusted life years.

Table 3: Comparison of disease burden between untreated and DAA group.
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ghted

LS-based DALY_wei

LS-based DALY _basic

FIB-4 index-based DALY_basic FIB-4 index-based

APRI score-based

APRI score-based DALY _basic

Variables

ghted

DALY_wei

ghted

DALY_wei

Estimated coefficient p-value

(95% CI)

Estimated coefficient p-value

(95% CI)

Estimated coefficient p-value  Estimated coefficient p-value
(95% CI) (95% ClI)
<0.0001 -0.01 (-0.04, -0.01)

p-value

Estimated

p-value

Estimated

coefficient (95% Cl)

coefficient (95% Cl)

<0.0001
<0.0001

-0.10 (-0.14, -0.06)
0.14 (0.07, 0.20)

0.20

-0.13 (-0.15, -0.11)

-0.10 (-0.12, -0.07) <0.0001

0.17 (0.13, 0.20)

Male

<0.0001

0.17 (0.10, 0.24)

<0.0001

0.17 (0.13, 0.20)

<0.0001

0.14 (0.11, 0.17)

<0.0001

Significant alcohol
consumption

0.0001
0.0002
0.0014

0.10 (0.05, 0.16)
0.02 (0.01, 0.02)

0.0026 -0.08 (-0.13, -0.03)

<0.0001
0.0004

0.12 (0.07, 0.17)
0.01 (0.01, 0.02)

<0.0001 -0.07 (-0.11, -0.02)

0.0001  0.02 (-0.01, 0.04) 0.095

0.04 (0.02, 0.06)

<0.0001

0.20 (0.16, 0.24)

0.004

0.04 (0.01, 0.06)

Cirrhosis

Body mass index
Use of DAAs

<0.0001 -0.10 (-0.12, -0.08)

<0.0001 -0.10 (-0.12, -0.08)

-0.15 (-0.17, -0.13) <0.0001 -0.16 (-0.18, -0.13)

In multivariable analysis, the multiple imputation method was used to treat missing values. Adjustment variables were male, significant alcohol consumption, and cirrhosis in ‘APRI score-based DALY_basic’; significant alcohol consumption, and

ghted’; male, significant alcohol consumption, and cirrhosis in ‘FIB-4 index-based DALY _basic’; male, significant alcohol consumption, and cirrhosis in ‘FIB-4 index-based DALY_weighted’; male, significant

alcohol consumption, cirrhosis, and body mass index in ‘LS-based DALY_basic’; and significant alcohol consumption, cirrhosis, and body mass index in ‘LS-based DALY_weighted’. DALY was calculated without or with age-weighting and discounting

(‘basic’ or ‘weighted’). Abbreviations: DALY, disability-adjusted life years; HCV, hepatitis C virus; BMI, body mass index; ARPI, aspartate aminotransferase to platelet ratio index; FIB-4, fibrosis-4; LS, liver stiffness; DAA, direct acting antiviral; Cl,

confidence interval.

cirrhosis in 'APRI score-based DALY_wei

Table 4: Multivariable generalized linear model with a gamma distribution to identify the independent risk factors for DALY.

A subgroup analysis was also performed according to
age group (<40, 40-60, and >60 years). In the <40 years
of age subgroup (Supplementary Table S7), the DALY
was not different between the untreated and DAA
groups (both p > 0.05). In contrast, in the 40-60 years of
age subgroup (Supplementary Table S8), the APRI- and
FIB-4 index-based DALY _basic scores were lower in the
DAA group compared with the untreated group (median
11.14 [IQR, 9.16-14.12] vs. 12.65 [IQR, 9.93-17.08] years
and 13.21 [IQR, 10.59-16.09] vs. 14.02 [IQR,
11.05-18.13] years, respectively; both p < 0.0001).
Similar findings were obtained using DALY_weighted
scores (median 5.84 [IQR, 4.71-7.42] vs. 6.60 [IQR,
5.26-9.10] years and 6.77 [IQR, 5.57-8.26] vs. 7.22 [IQR,
5.87-9.51] years, respectively; both p < 0.0001). In the
>60 years of age subgroup (Supplementary Table S9),
the APRI- and FIB-4 index-based DALY_basic scores
were lower in the DAA group compared with the un-
treated group (median 6.46 [IQR, 4.80-8.79] vs. 7.14
[IQR, 5.13-10.39] years and 8.61 [IQR, 6.58-11.05] vs.
9.02 [IQR, 6.74-11.80] years, respectively; both
p < 0.0001). Similar findings were obtained using the
APRI- and FIB-4 index-based DALY_weighted scores
(median 3.03 [IQR, 2.14-4.08] vs. 3.27 [IQR, 2.22-4.84]
years, p < 0.0001, and 3.94 [IQR, 2.90-5.13] vs. 4.07
[IQR, 2.93-5.47] years, p = 0.004, respectively). The
differences were greater in the 40-60 years of age sub-
group than in the >60 years of age subgroup. LS-based
DALYs did not differ between the untreated and DAA
groups in either the 40-60 or >60 years of age sub-
groups (all p > 0.050).

Liver-related events

A total of 586 (5.0%), 18 (0.2%), 42 (0.4%), 580 (4.9%),
and 469 (4.0%) patients experienced HCC, liver trans-
plantation, hepatic resection, decompensation, and
mortality, respectively (Table 5). The composite outcome
was observed in 1216 patients (10.4%). The proportion
of patients who experienced liver-related events, except
for liver transplantation, during follow-up, was signifi-
cantly lower in the DAA group than in the untreated
group (2.9% [n = 243] vs. 10.5% [n = 343] for HCC,
0.3% [n = 22] vs. 0.6% [n = 20] for hepatic resection,
2.5% [n = 208] vs. 11.4% [n = 372] for decompensation,
1.4% [n = 116] vs. 10.8% [n = 353] for mortality, and
5.7% [n = 484] vs. 22.4% [n = 732] for the composite
outcome).

The differences in the cumulative incidences of liver-
related events according to DAA use in patients with
CHC are shown in Fig. 2. The cumulative incidence of
HCC was significantly lower in the DAA group
compared with that in the untreated group (2.07% vs.
6.55% at 2 years, 4.44% vs. 9.99% at 4 years, 7.14% vs.
13.09% at 6 years, and 9.57% vs. 16.59% at 8 years;
p < 0.0001 by log-rank test; Fig. 2A). Analysis of the
cumulative incidence of decompensation (2.18% vs.
7.35% at 2 years, 3.60% vs. 10.86% at 4 years, 4.98% vs.
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Outcomes Overall Untreated (n = 3261) DAA (n = 8464) p-value
HCC 586 (5.0) 343 (10.5) 243 (2.9 <0.0001
Liver transplantation 8 (0.2) 8 (0.2) 0 (0. 1) 0.12

Hepatic resection 42 (0.4) 20 (0.6) 2 (0.3) 0.0090
Decompensation 580 (4.9) 372 (11.4) 208 (2.5) <0.0001
Mortality 469 (4.0) 353 (10.8) 116 (1.4) <0.0001
Total (composite outcome) 1216 (10.4) 732 (22.4) 484 (5.7) <0.0001

Variables are expressed as n (%). “Decompensation” was defined as one of the following manifestations: ascites, variceal hemorrhage, hepatic encephalopathy, spontaneous
bacterial peritonitis, or hepatorenal syndrome. The composite outcome was determined by the development of HCC or decompensation, the receipt of liver transplantation
or hepatic resection, or all-cause mortality. Abbreviations: DAA, direct acting antiviral; HCC, hepatocellular carcinoma.

Table 5: Liver-related events.

14.89% at 6 years, and 4.98% vs. 18.64% at 8 years; 2.29% vs. 22.02% at 4 years, 3.67% vs. 27.93% at 6 years,
p < 0.0001 by log-rank test; Fig. 2B) and the cumulative ~ and 10.87% vs. 32.99% at 8 years; p < 0.0001 by log-rank
incidence of mortality (0.85% vs. 15.26% at 2 years,  test; Fig. 2C) yielded similar results. In addition, the

A — Untreated group — DAA group B — Untreated group — DAA group
50% 50%
8 40% o = 40%
b= o<
D~ cc
2 oRe]
2-30% 5 ® 30%
=Q c e
2Q 2@
£ 20% 2 £20%
S° - S8q ——
,_/-//
£ 10% / £ 8 10% —
° M 3 —
0% 0%
0 2 4 6 0 2 4 6
Time, years Time, years
Number at risk (number censored) Number at risk (number censored)
" 3261(0) 1714 (1378) 1262 (1779) 892 (2108) =" 3261(0) 1705(1368) 1263 (1756) 888 (2080)
= 8464 (0) 4505 (3831) 2016 (6251) 258 (7968) = 8464 (0) 4499 (3819) 2044 (6236) 273 (7983)
C — Untreated group — DAA group D — Untreated group — DAA group
50% 50%
8 _40% 8 5 40%
[T [T
o 2o
2 230% 23 30%
£= £8
e < g8
B g 20% 33 20%
e =
€% 10% _— E5m
o /,,,/ o
0% _/;/4_'— 0%
0 2 4 6 0 2 4 6
Time, years Time, years
Number at risk (number censored) Number at risk (number censored)
" 3261(0) 1801 (1328) 1348 (1720) 958 (2051) " 3261(0) 1630 (1232) 1188 (1561) 835 (1831)
" 8464 (0) 4596 (3816) 2113 (6258) 284 (8066) " 8464 (0) 4413 (3748) 1957 (6086) 252 (7734)

Fig. 2: Liver-related events according to the use of DAAs in patients with chronic hepatitis C: HCC development (A), decompensation devel-
opment (B), mortality (C), and the composite outcome (D). “Decompensation” was defined as one of the following manifestations: ascites,
variceal hemorrhage, hepatic encephalopathy, spontaneous bacterial peritonitis, or hepatorenal syndrome. The composite outcome was
determined by the development of HCC or decompensation, the receipt of liver transplantation or hepatic resection, or all-cause mortality.
Abbreviations: DAA, direct-acting antiviral; HCC, hepatocellular carcinoma.
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cumulative incidence of the composite outcome was
significantly lower in the DAA group than that in the
untreated group (4.70% vs. 15.26% at 2 years, 8.58% vs.
22.02% at 4 years, 12.59% vs. 27.93% at 6 years, and
21.01% vs. 32.99% at 8 years; p < 0.0001 by log-rank test;
Fig. 2D). Differences in liver-related events according to
fibrosis stage in the “untreated group” and “DAA group”
are shown in Supplementary Figs. S1 and S2. In both
groups, the risk of liver-related events increased with
increasing fibrosis stage (APRI, FIB-4, and LS).

Risk factors for liver-related events

The independent predictors of liver-related events are
summarized in Table 6. Multivariable analysis with
multiple imputation method showed that male sex
(hazard ratio [HR] = 2.14, 95% confidence interval [CI]
1.80-2.55), older age (HR = 1.04, 95% CI 1.03-1.05),
diabetes mellitus (HR = 1.33, 95% CI 1.12-1.58), sig-
nificant alcohol consumption (HR = 1.54, 95% CI
1.22-1.95), and cirrhosis (HR = 4.53, 95% CI
3.82-5.37) were independently associated with an
increased risk of HCC development, whereas DAA use
was independently associated with a decreased risk
(HR = 0.41, 95% CI 0.34-0.48) (all p < 0.0001). Simi-
larly, the use of DAAs was independently associated
with a decreased risk of decompensation (HR = 0.31,
95% CI 0.26-0.37), mortality (HR = 0.22, 95% CI
0.17-0.27), and the composite outcome (HR = 0.34,
95% CI 0.30-0.38) (all p < 0.0001). The same tendency
was shown in complete case analysis (Supplementary
Table S10).

The number of liver-related deaths in the “untreated
group” and the “DAA group” was 211 and 45, respec-
tively, and that of liver-unrelated deaths in the “un-
treated group” and the “DAA group” was 142 and 71,
respectively. The competing risk analysis showed that
DAA treatment reduced the risk of liver-related deaths

(Supplementary Fig. S3 and Supplementary Table S11).
The same tendency was shown in complete case anal-
ysis (Supplementary Table S12).

Effect of DAA treatment on DALY and clinical
outcomes in the matched set

Propensity score matching was performed to balance the
clinical and laboratory characteristics between the groups
(Supplementary Fig. S4). After matching, which yielded
896 pairs, no significant differences were observed be-
tween the groups (Supplementary Table S13,
Supplementary Figs. S5 and S6). In this matched set,
DAA treatment was independently associated with the
reduction in the APRI- and FIB-4 index-based DALYs
(Supplementary Table S14). In addition, DAA use was
independently associated with decreased risks of HCC
(HR = 0.51, 95% CI 0.34-0.75, p = 0.0008), decompen-
sation (HR = 0.35, 95% CI 0.24-0.51, p < 0.0001), mor-
tality (HR = 0.41, 95% CI 0.26-0.64, p = 0.0001), and the
composite outcome (HR = 0.40, 95% CI 0.31-0.52,
p < 0.0001) (Supplementary Table S15).

Discussion

This study showed that the fibrotic burden was
improved after DAA treatment and that DAA treatment
was independently associated with a decreased risk of
HCC, decompensation, mortality, and composite
outcome. In addition, we found that the disease burden
was lower in patients treated with DAAs than in un-
treated patients. This improvement in disease burden
was maintained regardless of fibrosis and was most
prominent in patients aged 40-60 years.

Our study has several strengths and clinical impli-
cations. First, this was a Korean nationwide cohort study
with a large sample size (n = 11,725 in total; n = 3261 in
the untreated group and n = 8464 in the DAA group)

Variables HCC Decompensation Mortality Composite outcome
Multivariable HR p-value Multivariable HR p-value Multivariable HR p-value Multivariable HR p-value
(95% dl) (95% C1) (95% C1) (95% CI)

Male 2.14 (1.80, 2.55) <0.0001 139 (1.18, 1.63) 0.0001 1.43 (119, 1.71) 0.0001 1.61 (1.44, 1.80) <0.0001

Age 1.04 (1.03, 1.05) <0.0001 1.01 (1.01, 1.02) 0.0001

Diabetes mellitus 133 (1.12, 1.58) 0.0014 1.56 (131, 1.87) <0.0001 1.26 (1.10, 1.43) 0.0005

Hypertension 1.59 (1.33, 1.90) <0.0001 174 (1.44-2.09) <0.0001 1.61 (1.43, 1.82) <0.0001

Significant alcohol consumption 1.54 (1.22, 1.95) 0.0003

Cirrhosis 4.53 (3.82, 5.37) <0.0001 3.09 (2.61, 3.65) <0.0001 2.36 (1.96-2.84) <0.0001 3.61 (3.22, 4.05) <0.0001

Use of DAAs 0.41 (0.34, 0.48) <0.0001 0.31 (0.26, 0.37) <0.0001 0.22 (0.17-0.27) <0.0001 0.34 (030, 0.38) <0.0001

In multivariable analysis, the multiple imputation method was used to treat missing values. Adjustment variables were male, age, diabetes mellitus, significant alcohol consumption, and cirrhosis in 'HCC’;
male, age, diabetes mellitus, hypertension, and cirrhosis in ‘Decompensation’; male, hypertension, and cirrhosis in ‘Mortality’; and male, diabetes mellitus, hypertension, and cirrhosis in ‘Composite

outcome’. “Decompensation” was defined as one of the following manifestations: ascites, variceal hemorrhage, hepatic encephalopathy, spontaneous bacterial peritonitis, or hepatorenal syndrome. The
composite outcome was determined by the development of HCC or decompensation, the receipt of liver transplantation or hepatic resection, or all-cause mortality. Abbreviations: HCC, hepatocellular

carcinoma; HR, hazard ratio;

Cl, confidence interval; DAA, direct acting antiviral.

Table 6: Risk factors for liver-related outcomes.

10

www.thelancet.com Vol 73 July, 2024


http://www.thelancet.com

Articles

and a median follow-up period of 27.5 (IQR 10.6-52.4)
months. In addition, our cohort was established based
on IPD with serial laboratory and outcome data,
including liver-related events. These factors enabled us
to identify the improvement in fibrosis after DAA
treatment, to investigate whether DAA treatment im-
proves disease burden and clinical outcomes, and to
explore the age group in which DAA treatment is most
effective. Similarly, a French cohort study also demon-
strated that DAA treatment improved all-cause mortality
and reduced the development of HCC in patients with
CHC."® However, that study did not show an improve-
ment in decompensation by the use of DAA treatment
while the findings of our study revealed the beneficial
effect of DAA treatment on decompensation. We sup-
pose that this finding might be caused by the high rate
of SVR12 (95.8%) in the present study.

Second, liver fibrosis is a key factor that affects dis-
ease severity and prognosis in patients with chronic liver
disease. In this study, the risk of liver-related events
increased with increasing fibrosis stage in both groups.
It is well known that clearing HCV infection can reduce
the fibrotic burden and improve long-term outcomes in
patients with CHC." Based on this information, we
incorporated the change in fibrotic burden after DAA
treatment into the DALY analysis using noninvasive
fibrosis surrogate measures. Indeed, an improvement in
fibrotic burden was observed through noninvasive sur-
rogate measures of fibrosis, leading to an improvement
in disease burden in our current study.

Third, the disease burden improved following DAA
treatment. Previous studies evaluated the effect of DAA
treatment on disease burden at the hospital and popu-
lation levels. A program for HCV screening and DAA
treatment prevented 1.04 DALYs per diagnosed patient
in a primary care setting in Pakistan.”” DAA treatment
also reduced the DALYs in population-based studies in
Egypt, Pakistan, India, and China.”** From 2010 to
2019, global DALYs for patients with acute HCV infec-
tion, HCV-related cirrhosis, HCV-related HCC, and
liver-related mortality decreased significantly.”” Howev-
er, there were regional disparities in this data.” In East
Asia, no significant reductions in the DALYs for HCV-
related cirrhosis, HCV-related HCC, or liver-related
mortality were observed. However, in this study, the
use of DAAs reduced the DALYs of patients with CHC
in South Korea. This discrepancy in the DALY trend of
HCV infection might be caused by differences in study
population (population-based cohort vs. hospital-based
cohort). A population-based study in South Korea
showed that among HCV-infected patients, the linkage-
to-care rate was 65.5% and the treatment rate was
56.8%, which were below the targets of 90% and 80%,
respectively.”® The cohort in this study had easy access to
medical care.

Fourth, the aim of this study was to investigate
whether DAA treatment reduces disease burden,

www.thelancet.com Vol 73 July, 2024

calculated based on DALYs, in patients with CHC. In
terms of DALYs, the use of DAA is less beneficial in
patients aged >70 years with multiple comorbidities and
shorter life expectancies.” The data from the 2010-2019
Global Burden of Diseases Study showed that DALYs
related to cirrhosis, HCC, and liver-related mortality
were higher in patients with CHC aged 50-69 years
compared to those aged >70 years.” These results might
help establish a nationwide strategy for screening anti-
HCV positivity in South Korea, where a national
health screening program has not yet been set up.
Despite the clinical implications of our study, several
issues remain unresolved. First, the fibrotic burden was
mainly assessed using blood biomarkers to calculate the
APRI and the FIB-4 index. There were correlations be-
tween the fibrosis stage and the median LS in TE, APRI
score, and FIB-4 index. In addition, the proportions of
fibrosis stage 4 by APRI score and LS were 15.5%, and
20.8%, respectively. However, the proportion of fibrosis
stage 3—4 by FIB-4 index was higher, at 37.7%, but this
was probably a result of the summing of two stages
(fibrosis stages 3 and 4). Because of the lack of histo-
logical information, we cannot explain the discrepancies
in the proportions of cirrhosis and advanced fibrosis
according to noninvasive surrogate markers. TE infor-
mation was available for only approximately 50% of the
study population. Because the study population was
enrolled from 2007, TE was not available at all in-
stitutions. Moreover, a small proportion of the DAA
group (18%) underwent TE at both baseline and 6
months after treatment as a result of the retrospective
study design. We investigated whether DAA treatment
for CHC reduces the disease burden (DALYs) based on
the fibrotic burden. This study tried to show that DAA
can potentially reduce disease burden based on fibrosis
assessment using varying noninvasive surrogates
because liver biopsy, the gold standard method to
measure liver fibrosis, has invasiveness and a limitation
on repeatability. Indeed, FIB-4 and APRI have been
used as screening tools to detect significant or advanced
fibrosis in primary medical settings, because TE to
measure LS is not widely available due to its high cost in
primary medical settings. Therefore, we planned to
include LS by TE as well as APRI and FIB-4, although a
number of patients did not undergo TE. To address this
issue, we conducted multivariable analyses using the
multiple imputation method and including missing
values. In addition, we performed a multivariable com-
plete case analysis as a sensitivity analysis. The multiple
imputation method and complete case analysis yielded
similar results. In addition, we compared APRI score-
based DALYs and FIB-4 index-based DALYs according
to missing values of LS in TE to check the representa-
tiveness of patients without missing values
(Supplementary Table S16). There was no significant
difference in FIB-4 index-based DALYs according to
missing values of LS by TE. Although there was a
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significant difference in APRI score-based DALYs be-
tween the two groups, the difference in the absolute
DALY values was small (median 9.65 vs. 9.30 years
[APRI score-based DALY_basic], and median 4.80 vs.
4.63 years [APRI score-based DALY_weighted]). There-
fore, we assumed that there was a negligible impact of
DAA treatment on DALYs based on the APRI score,
FIB-4 index, and LS in TE, although a significant dif-
ference in LS-based DALYs could not be determined
because of the missing values for LS. Second, the de-
cision to treat or observe might have been biased
because of the retrospective nature of the study,
although we showed that the improved disease burden
in the DAA group was maintained even after appro-
priate adjustment. Third, after the introduction of
DAAs, most patients who were diagnosed with CHC
infection received DAA treatment because of the low
risk of complications and short treatment duration;
untreated patients were recruited mostly from the pre-
DAA period, which made the follow-up durations be-
tween the untreated and DAA groups different. In the
present study, we were unable to factor in the untreated
state prior to starting DAA treatment because of the
complexity of applying the mathematical formula for YLD
in the same patients while considering the duration of no
treatment in the DAA group. Our goal was to investigate
whether DAA treatment can reduce the disease burden, as
measured by DALYs, by comparing untreated and treated
groups rather than comparing the status before and after
DAA treatment within the treated group. Therefore, we
analysed data from the time of DAA treatment initiation
in the DAA group and from the time of enrollment in the
untreated group. For a similar reason, we excluded
patients who were treated with interferon-based treat-
ments, because it can potentially cause additional bias
in calculating DALYs according to varying treatment-
related situations such as non-response to interferon-
based treatment, intolerance to interferon-based treat-
ment, or re-infection after SVR by interferon-based treat-
ment. Therefore, we decided to exclude patients with a
previous history of interferon-based treatments because
the study aimed to investigate the pure effect of DAA
treatment on the improvement of the disease burden.
Fourth, we could not use the National Death Registry,
mainly because of the Personal Information Protection
Act.”® Therefore, mortality was checked in the hospital. We
could not check clinical events, including death, if a pa-
tient was transferred to another hospital. It was therefore
difficult to obtain completely accurate all-cause mortality
data in this study. Fifth, although the fibrotic burden, as
determined by noninvasive tests, improved after DAA
treatment, evaluation of fibrosis based on the APRI score,
FIB-4 index, and LS in the post-SVR state is controversial.
Noninvasive scores and LSM by TE, among other elasto-
graphic methods, are not accurate for detecting fibrosis
regression after SVR in patients with HCV infection
because improvements in noninvasive tests typically

reflect the expected reduction of necro-inflammation but
not that of fibrosis.”” However, LS post-SVR after DAA
treatment predicts HCC development and can be used to
stratify cirrhotic patients with CHC according to the risk
of HCC.” Further studies using liver biopsies obtained
pre- and post-DAA are needed to clarify the relationship
between non-invasive fibrosis tests and liver histologic
finding. Sixth, the ultrasound-based diagnosis of liver
cirrhosis might have been inaccurate in our study. How-
ever, because the present study was retrospective in nature
and had a large sample size, more accurate tools such as
liver biopsy or magnetic resonance elastography were not
feasible. Lastly, despite statistical significance, the absolute
difference in DALYs between the two groups was small.
The first five decompensations were checked to calculate
the DALY, which might have attenuated the different risks
of decompensation between the DAA and untreated
groups. In addition, we focused only on the change in
fibrotic burden and not on other liver-related variables
such as serum albumin and platelet counts. If all liver-
related factors had been incorporated into the DALY
analysis, the difference between the two groups might
have been more apparent.

In conclusion, DAA treatment reduced the disease
burden and improved clinical outcomes in patients with
CHC in South Korea.
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