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Purpose: The research intended to present prospective data on the long-term prognosis of individuals with hepatitis C virus (HCV) 
infection who received direct-acting antiviral agent (DAA) treatment.
Patients and Methods: Patients who received DAA treatment at Tianjin Third Central Hospital and Tianjin Second People’s 
Hospital were prospectively enrolled and subsequently underwent a longitudinal follow-up. This research monitored occurrences of 
virological relapse, hepatocellular carcinoma (HCC), mortality, and liver disease progression. The annualized incidence rates (AIRs), 
cumulative incidence rates of adverse events and risk factors were investigated. Changes in liver stiffness measurement (LSM), 
aspartate aminotransferase-to-platelet ratio index (APRI) score, fibrosis-4 (FIB-4) index, as well as the albumin-bilirubin (ALBI) 
scores were also documented.
Results: A total of 862 individuals were followed up for 4.86 (P25, P75; 4.48, 5.48) years. The proportion of all participants with 
undetectable HCV-RNA exceeded 98% at all follow-up time points. Patients experienced virological relapse, HCC, death and disease 
progression with a cumulative AIRs of 1.03% (95% confidence interval [CI] 0.6–1.5), 1.76% (95% CI 1.2–2.3), 1.51% (95% CI 
1.0–2.0), and 5.81% (95% CI 4.8–6.8), respectively. Cirrhotic patients were at a heightened risk of virological relapse (adjusted hazard 
ratio [aHR] 3.20, 95% CI 1.59–9.75; p = 0.016), HCC (aHR 6.57, 95% CI 2.66–16.28; p < 0.0001), and unfavorable prognosis (aHR 
6.93, 95% CI 2.56–18.74; p < 0.0001). Additionally, patients with diabetes faced an elevated risk of HCC (aHR 2.33, 95% CI 
1.05–5.15; p = 0.038) and poor prognosis (aHR 2.72, 95% CI 1.13–6.55; p = 0.026). Furthermore, liver stiffness measurement (LSM) 
exhibited a significant decrease compared to baseline. Additionally, patients in the cirrhosis group showed reductions in APRI score, 
FIB-4 index and ALBI score to different degrees.
Conclusion: Cirrhotic patients exhibited increased susceptibility to virological relapse, HCC, unfavorable prognosis, and liver disease 
progression following DAA treatment. Consequently, it is imperative to implement a rigorous monitoring protocol for all cirrhotic 
patients after DAA treatment.
Keywords: chronic hepatitis C, cirrhosis, direct-acting antiviral agents, sustained virologic response, follow-up

Introduction
Chronic hepatitis C virus (HCV) infection has historically been a prominent contributor to developing hepatocellular 
carcinoma (HCC) and liver-related mortality, a trend that shifted to introduce direct-acting antivirals (DAAs) to China.1 

And DAAs’ advent has significantly transformed the management of HCV infection, yielding a notable sustained 
virologic response (SVR) in individuals suffering from advanced liver disease, irrespective of genotype or previous 
treatment experience.
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During the era of DAAs, real-world SVR rates within Asian populations varied from 85% to nearly 100%, influenced 
by factors such as HCV genotype, cirrhosis status, and history of prior HCC.2 The elimination of HCV has been 
documented to halt the advancement of cirrhosis or even reverse early-stage cirrhosis, which is a notable contributing 
cause to HCC. As a result, this helps delay advancement of liver disease to its terminal stage, prevents liver-related 
fatalities, and diminishes the likelihood of developing HCC.3,4 Nonetheless, the cessation of viral clearance post liver 
disease progression may prove challenging, particularly in individuals with advanced cirrhosis. While successfully 
treated patients experience sustained virologic responses and enhanced liver function, they continue to face a risk to 
develop HCC with extended follow-up after DAA treatment. Existing studies have indicated that achieving SVR 
diminishes the likelihood of hepatic decompensation and HCC, leading to improved survival outcomes.5–7Even with 
the increasing successful treatment of HCV cases using DAAs in recent years, the occurrence of HCC remains high in 
cirrhotic patients.8 Regrettably, the adoption of DAA treatment in China still lags. The absence of real-world, prospec-
tive, long-term follow-up data, particularly towards cirrhotic patients, has restricted our comprehension of HCV 
treatment and its effectiveness.

This study was designed to provide prospective data on the long-term prognosis of HCV-infected patients treated with 
DAAs who achieve SVR. The incidence of virological relapse, de novo hepatocellular carcinoma (HCC), death and 
progression of liver disease were all monitored. The annualized incidence rates (AIRs) and accumulative incidence rates 
of adverse events were analyzed, and risk factors were studied. Changes in liver stiffness measurement (LSM), aspartate 
aminotransferase-to-platelet ratio index (APRI) score, fibrosis-4 (FIB-4) index, and albumin-bilirubin (ALBI) scores 
were also recorded during the follow-up period. Our study has strong implications for the long-term prognosis of 
cirrhotic patients with HCV infection treated with DAAs.

Material and Methods
Study Design and Population
This multi-centred and observational cohort study included consecutive adult individuals (aged over 18 years) diagnosed 
with chronic HCV infection as well as undergoing treatment with DAAs from March 2018 to December 2019 within 
Tianjin Third Central Hospital and Tianjin Second People’s Hospital. Chronic HCV infection was defined as serum HCV 
RNA detected by the COBAS TaqMan HCV kit for more than 6 months.

The presence of liver cirrhosis was confirmed through the following criteria: (1) liver biopsy; (2) LSM (>12.5 kPa) or 
transient elastography [>1.8 m/s for ultrasound (US) and >7 kPa for Magnetic Resonance Imaging (MRI)]; (3) liver 
imaging examinations indicating cirrhosis-related features; (4) platelet count <120; (5) clinical manifestations (ascites, 
varices, encephalopathy). The exclusion criteria comprised: (1) co-infection with Hepatitis B virus (HBV) or Human 
Immunodeficiency Virus (HIV); (2) voluntary withdrawal from treatment for reasons unrelated to medication; (3) 
treatment duration of fewer than 12 weeks; (4) missing data; (5) dropout from follow-up; as well as (6) prior use of 
DAA treatment.9

These APRI score, FIB-4 index, as well as the ALBI score are derived from the standard laboratory parameters 
available. Elevated APRI, FIB-4 index, and/or ALBI scores within a patient before the clinical diagnosis of cirrhosis may 
suggest advanced liver fibrosis, but this may not be recognized until the patient experiences complications associated 
with cirrhosis, such as hepatic decompensation or HCC. The calculation methods were consistent to previously described 
protocols.10–12

In the study, patients received DAA treatment for either 12 or 24 weeks. Clinical, laboratory, and virological 
parameters were evaluated at baseline, EOT, and at 1-year to 5-year follow-up intervals after treatment completion. 
Hepatitis C virus RNA levels were determined, and the detection ranged from 15 up to 6.9*107 IU/mL. This observa-
tional study was approved by the Ethics Committee of Tianjin Third Central Hospital and Tianjin Second People’s 
Hospital. Tianjin Third Central Hospital is the leading review board (Ethics Batch No. IRB2018-03-01). Informed 
consent was obtained from all patients prior to study initiation. This study was conducted in full compliance with the 
Declaration of Helsinki.
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Study Endpoints
The main objective in the research was to evaluate the long-term prognosis, which encompassed cumulative occurrence 
of HCC, progression of liver disease, HCV relapse, and mortality. Liver stiffness was monitored annually through the 
transient elastography or APRI score. An increase in LSM from less than 12.4 kPa to greater than 12.4 kPa or an increase 
in APRI score from less than 2.0 to greater than 2.0 was considered indicative of “elevated liver stiffness”.13 The 
progression of liver disease refers primarily to increase in liver stiffness or development of decompensated complications 
such as ascites, variceal bleeding, hepatic encephalopathy, or jaundice in our study. This secondary endpoint focused on 
comparing the long-term outcomes among patients with cirrhosis and those without cirrhosis. Regular monitoring of 
HCC was conducted in all patients pre-DAA and post-DAA treatment, with a diagnosis from HCC adhering to 
international guidelines.14 During the follow-up duration, occurrences of de novo HCC or mortality from any cause 
were documented for all patients until the conclusion of this study. Detection of HCC was conducted through annual 
follow-up assessments and review of primary medical records. The follow-up period concluded upon the diagnosis of 
HCC, patient death, or detection of positive HCV RNA. Data collection continued until March 31, 2024.

Statistical Analysis
Baseline characteristic comparisons among cirrhotic with non-cirrhotic patients were conducted through SPSS 25.0. The 
data were presented in percentages and analyzed through either the chi-square test or Fisher’s exact test. Furthermore, 
comparisons between normally and non-normally distributed data were conducted through Mann–Whitney U-test. 
Calculate the annual incidence rate of adverse events (per 1000 person years [PY]) under the assumption of Poisson 
distribution. In order to compare the annual incidence rate of events during follow-up among different subgroups and 
across years post-SVR during the follow-up period, two-factor analysis of variance and Tukey post analysis were used. 
Survival analysis was conducted using R software, using survival packages for hypothesis testing of proportional hazards 
and survival regression modeling. Kaplan Meier method was used to assess the cumulative incidence rate of HCC, and 
log rank test was used to analyze the subgroup differences. We apply univariate and multivariate Cox proportional 
hazards regression models to evaluate the impact of various factors on the risk of virological recurrence, HCC, and 
mortality. When the p-value was less than 0.05, it had statistical significance.

Results
Baseline Characteristics of Patients
Out of the initial 1274 subjects, 369 individuals had incomplete data or did not achieve SVR12, 9 patients had concurrent 
HBV infection, 4 had co-infection with HIV, and 30 had less than a 1-year follow-up period. Ultimately, 862 individuals 
successfully completed the long-term follow-up (Figure 1). Within the study, 862 patients satisfied the inclusion criteria. 
In the baseline cohort, cirrhosis was identified in 302 patients (35.0%). The demographic as well as the baseline clinical 
characteristics of cirrhotic and non-cirrhotic patients were presented in Table 1.

All patients were categorized into either cirrhotic or non-cirrhotic, with 302 patients (35.0%) identified as having 
cirrhosis (Table 1). There was no statistically significant difference in the distribution of the two groups of males (41.7% 
vs 43.8%, P = 0.566). The cirrhotic individuals were notably older than non-cirrhotic patients (60.5 vs 56.0, P < 0.0001). 
The proportion of patients with liver cirrhosis who have a history of HCC is significantly higher than that of non-cirrhotic 
patients (10.6% vs 0.9%, P < 0.0001). Additionally, the proportion of treatment-naïve patients was substantially lower 
among cirrhotic patients than those non-cirrhotic patients (89.7% vs 94.3%, P < 0.0001). In addition, serological indices, 
comorbidity, APRI scores, FIB-4 index, ALBI scores, genotypes, treatment regimens for DAAs, and treatment duration 
of the patients in both groups are also presented in Table 1.

The LSM levels were markedly higher in cirrhotic patients compared to non-cirrhotic patients (median: 18.6 vs 8.1). 
Additionally, significant differences were observed among cirrhotic with non-cirrhotic patients, as presented in Table 1. 
The levels and normalization rate of indicators related to liver and kidney function for all participants after DAA 
treatment improved to a large degree at EOT and at 1 up to 5 years following treatment compared with baseline, which 
were displayed in Table S1.
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Results of Follow-Up of Patients After DAA Treatment
The median follow-up time for the entire study cohort was 4.86 years, with a follow-up time of 4.48 years for the 25th 
percentile and 5.48 years for the 75th percentile. The maximum post-End of Treatment (EOT) follow-up period extended 
to 6.23 years. Furthermore, the follow-up status of the patients up to the end of March 2024 was illustrated in Table 2, 
with 851 patients completing 1-year follow-up, 410 patients completing 2-year follow-up, 336 patients completing 3-year 
follow-up, 257 patients completing 4-year follow-up, and 193 patients completing 5-year follow-up. During long-term 

Figure 1 The flowchart of patients’ recruitment.

Table 1 Baseline Characteristics of Patients Available for Evaluation After 5 Year 
Following EOT

Characteristics Patients With  
Cirrhosis (n=302)

Patients Without  
Cirrhosis (n=560)

P Value

Age 60.5(54.0,65.3) 56.0(44.3,64.0) <0.0001

Sex, male, n (%) 126(41.7%) 245(43.8%) 0.566

Treatment-naïve, n (%) 271(89.7%) 528(94.3%) 0.014

BMI (kg/m2), mean±SD 24.6±3.7 24.3±3.6 0.42

HCV RNA, logIU/mL 6.11(5.38,6.61) 6.35(5.61,6.82) <0.0001

WBC,×103/mm3 4.35(3.48,5.75) 5.55(4.68,6.74) <0.0001

Hemoglobin, g/dL 136.0(125.0, 146.0) 142.0(131.0, 155.0) <0.0001

PLT,×103/mm3 96.0(68.0, 140.0) 184.0(148.0, 228.0) <0.0001

ALT, IU/L 43.0(23.0,74.3) 38.0(20.0,72.3) 0.197

AST, IU/L 51.5(33.0,80.0) 35.0(22.3,57.0) <0.0001

ALP, IU/L 87.0(68.0, 111.9) 74.0(61.0,91.0) <0.0001

GGT, IU/L 56.0(34.0,87.3) 35.5(20.0,60.8) <0.0001

ALB, g/dL 43.1(39.3,45.9) 46.2(43.3,48.2) <0.0001

GLOB, g/dL 34.0(29.8,38.0) 30.6(27.5,34.2) <0.0001

(Continued)
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Table 1 (Continued). 

Characteristics Patients With  
Cirrhosis (n=302)

Patients Without  
Cirrhosis (n=560)

P Value

Tbil, umol/L 17.1(13.0,23.4) 13.0(10.3,16.6) <0.0001

Cr, mg/dL 61.0(53.0,72.0) 63.0(54.0,75.0) 0.204

UA, mg/dL 305.5(255.8, 374.0) 305.0(246.0, 365.0) 0.430

AFP, ng/mL 9.11(4.51,17.53) 4.1(2.75,7.24) <0.0001

Prior HCC 32(10.6%) 5(0.9%) <0.0001

Comorbidity

Diabetes 42(13.9%) 45(8.0%) 0.006
Hypertension 59(19.5%) 76(13.6%) 0.022

Coronary disease 26(8.6%) 24(4.3%) 0.010
Fatty liver 116(38.4%) 218(38.9%) 0.882

Nephropathy 8(2.6%) 12(2.1%) 0.638

LSM, kPa 18.6(12.8,25.2) 8.1(6.3,11.7) <0.0001

APRI score 1.57(0.82,2.70) 0.53(0.30,1.00) <0.0001

<2.0 175(58.0%) 480(85.7%)
≥2.0 116(38.4%) 27(4.8%)

FIB-4 index 4.95(2.78,7.82) 1.64(1.04,2.50) <0.0001

≤1.45 21(7.0%) 194(34.6%)
1.45–3.25 71(23.5%) 216(38.6%)
≥3.25 190(62.9%) 68(12.1%)

ALBI score −2.84(−3.14,-2.45) −3.18(−3.37,-2.92) <0.0001

≤-2.60(Grade 1) 206(28.7%) 511(71.3%)
>-2.60(Grade 2 or 3) 96(66.2%) 49(33.8%)

Genotype 0.392

1b 221(73.2%) 400(71.4%)
2a 57(18.9%) 122(21.8%)
3a 21(7%) 30(5.4%)

6a 3(1%) 6(1.1%)

1b+2a 0 2(0.4%)

DAA regimens 0.202

SOF/RBV 72(23.8%) 156(27.9%)

SOF/VEL 20(6.6%) 27(4.8%)

OBV/PTV/r/DSV 117(38.7%) 242(43.2%)
ASV+DCV 6(2%) 3(0.5%)

SOF+DCV 28(9.3%) 13(2.3%)

EBR/GZR 59(19.5%) 113(20.2%)
Others 0 4(0.7%)

Treatment duration <0.0001

12 weeks 248(82.1%) 530(94.6%)
24 weeks 54(17.9%) 30(5.4%)
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Table 2 The Annualized Incidence Rates (AIRs) of Adverse Events in Patients Under Long-Term Surveillance After SVR

Variables 1yFU 2yFU 3yFU 4yFU 5yFU Accumulative

At-risk patients 851 410 336 257 193 851

Patient-years follow-up 851 410 336 257 193 2047

HCC[No., AIR (%), AIR95% CI (%)] 11(1.29,0.5–2.1) 13(3.17,1.5–4.9) 8(2.38,1.1–5.7) 3(1.17,-0.2–2.5) 1(0.52,-0.5–1.5) 36(1.76,1.2–2.3)

HCV relapse[No., AIR (%), AIR95% CI (%)] 11(1.29,0.5–2.1) 5(1.22,0.2–2.3) 2(0.60,-0.2–1.4) 2(0.78,-0.3–1.9) 1(0.52,-0.5–1.5) 21(1.03,0.6–1.5)

Deaths[No., AIR (%), AIR95% CI (%)] 5(0.59,0.1–1.1) 10 (2.44,0.9–3.9) 6(1.79,0.4–3.2) 6(2.33,0.5–4.2) 4(2.07,0.0–4.1) 31(1.51,1.0–2.0)

Death related to HCV[No., AIR (%), AIR95% CI (%)] 3(0.35,0.0–0.8) 5(1.22,0.2–2.3) 4(1.19,0.0–2.4) 5(1.95,0.2–3.6) 1(0.52,-0.5–1.5) 18(0.88,0.5–1.3)

Progression of liver disease[No., AIR (%), AIR95% CI (%)] 82(9.64,7.6–11.6) 18(4.39,2.4–6.4) 10(2.98,1.1–4.8) 6(2.33,0.5–4.2) 3(1.55,-0.2–3.3) 119(5.81,4.8–6.8)

Ascites[No., AIR (%), AIR95% CI (%)] 22(2.59,1.5–3.7) 6(1.46,0.3–2.6) 10(2.98,1.1–4.8) 2(0.78,-0.3–1.9) 0(0,0.0–0.0) 40(1.95,1.4–2.6)

Encephalopathy[No., AIR (%), AIR95% CI (%)] 6(0.71,1.5–3.7) 4(0.98,0.0–1.9) 7(2.08,0.5–3.6) 1(0.39,-0.4–1.2) 2(1.04,-0.4–2.5) 20(0.98,0.6–1.4)

Upper gastrointestinal bleading [No., AIR (%), AIR95% CI (%)] 7(0.82,0.2–1.4) 2(0.49,-0.2–1.2) 1(0.30,-0.3–0.9) 1(0.39,-0.4–1.2) 3(1.55,-0.2–3.3) 14(0.68,0.3–1.0)

Anemia[No., AIR (%), AIR95% CI (%)] 12(1.41,0.6–2.2) 7(1.71,0.4–3.0) 3(0.89,-0.1–1.9) 2(0.78,-0.3–1.9) 3(1.55,-0.2–3.3) 27(1.32,0,8–1.8)

Thrombocytopenia[No., AIR (%), AIR95% CI (%)] 14(1.65,0.8–2.5) 5(1.22,0.2–2.3) 3(0.89,-0.1–1.9) 5(1.95,0.2–3.6) 1(0.52,-0.5–1.5) 28(1.37,0,9–1.9)

Agranulocytosis[No., AIR (%), AIR95% CI (%)] 8(0.94,1.0–5.4) 3(0.73,-0.1–1.6) 1(0.30,-0.3–0.9) 1(0.39,-0.4–1.2) 0(0,0.0–0.0) 13(0.64,0.3–1.0)

Hypersplenism[No., AIR (%), AIR95% CI (%)] 10(1.18,0.4–1.9) 7(1.71,0.4–3.0) 1(0.30,-0.3–0.9) 1(0.39,-0.4–1.2) 2(1.04,-0.4–2.5) 21(1.03,0.6–1.5)

Hypoproteinemia[No., AIR (%), AIR95% CI (%)] 25(2.94,1.8–4.1) 6(1.46,0.3–2.6) 4(1.19,0.0–2.4) 4(1.56,0.0–3.1) 2(1.04,-0.4–2.5) 41(2.00,1.4–2.6)

Portal vein tumor thrombosis [No., AIR (%), 95% CI (%)] 3(0.35, 0.0–0.8) 5(1.22, 0.2–2.3) 1(0.30,-0.3–0.9) 4(1.56, 0.0–3.1) 1(0.52,-0.5–1.5) 14(0.68, 0.3–1.0)
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surveillance, 21 patients experienced virological relapse, resulting in an accumulated incidence rate of 1.03% (95% CI 
0.6–1.5). Additionally, 36 participants developed HCC with an accumulated incidence rate of 1.76% (95% CI 1.2–2.3), 
while 31 patients did not survive, leading to an accumulated incidence rate of 1.51% (95% CI 1.0–2.0). Furthermore, 119 
patients exhibited progression of liver disease, reflecting an accumulated incidence rate of 5.81% (95% CI 4.8–6.8). The 
accumulated incidence rates of other complications, including ascites, encephalopathy, upper gastrointestinal bleeding, 
anemia, thrombocytopenia, agranulocytosis, hypersplenism, hypoproteinemia, and portal vein tumor thrombosis, were 
1.95% (95% CI 1.4–2.6), 0.98% (95% CI 0.6–1.4), 0.68% (95% CI 0.3–1.0), 1.32% (95% CI 0.8–1.8), 1.37% (95% CI 
0.9–1.9), 0.64% (95% CI 0.3–1.0), 1.03% (95% CI 0.6–1.5), 2.00% (95% CI 1.4–2.6), and 0.68% (95% CI 0.3–1.0), 
respectively (Table 2). The overall and HCV-related mortality were 3.64% (15.1/1000 person-years) and 2.11% (8.8/ 
1000 person-years), respectively (Table 2). On average, deaths occurred approximately 2.60 years after the EOT. Among 
the deceased, 18 patients (5.96%) passed away due to liver-related causes, with 3 (0.99%) from liver decompensation and 
15 (4.97%) from HCC. Additionally, 13 patients (2.32%) succumbed to non-liver related causes, including congestive 
heart failure, cerebral infarction, renal carcinoma, lung carcinoma, silicosis, and aplastic anemia. The incidence rates of 
HCC, disease progression, and HCV relapse were notably higher in cirrhotic patients (P < 0.01). Furthermore, both 
overall and HCV-related mortality rates were markedly elevated within cirrhotic patients (P < 0.0001) (Table S2).

Baseline Risk Factors and Cumulative Incidence for Virological Relapse
The percentages of patients who cannot detect HCV RNA were 100% (862/862), 98.7% (840/851), 98.7% (405/410), 
99.4% (334/336), 99.2% (255/257), and 99.5% (192/193) at the EOT, 1-, 2-, 3-, 4-, and 5-year post-treatment, 
respectively. Among the patients, 21 cases of virological relapse occurred during the surveillance period. The incidence 
rate of virological relapse was 12.9 per 1000 person-years during the first year after treatment, showing a gradual 
decrease over time. The cumulative incidence of virological relapse in the 5 years after achieving SVR was 1.03% (95% 
CI 0.6–1.5). It was worth noting that the incidence of virological recurrence within a cirrhosis group was higher than that 
in a non-cirrhosis group (1.61%,95% CI 0.8–2.4 vs 0.60%, 95% CI 0.2–1.0, P = 0.001) (Table S2). In a univariable 
analysis, factors related to treatment failure included being treatment-naïve for DAA treatment (HR 3.31, 95% CI 
1.11–9.83), having prior HCC (HR 4.26, 95% CI 1.25–14.48), and presenting with liver cirrhosis at baseline (HR 3.94, 
95% CI 1.59–9.75). Conversely, gender, age, BMI, elevated AFP levels, HCV viral load, alcohol abuse, hypertension, 
coronary heart disease, fatty liver, diabetes, APRI score, FIB-4 index, as well as ALBI score showed no significant 
associations with virological relapse. In the multivariable analysis, liver cirrhosis at baseline remained significantly 
associated with treatment failure (adjusted HR 3.20, 95% CI 1.24–8.25). However, being treatment-naïve for DAAs or 
having a previous history of HCC were not identified to be risk factors for treatment failure within this cohort (adjusted 
HR 2.51, 95% CI 0.83–7.56 and adjusted HR 2.38, 95% CI 0.67–8.50) (Table 3). The cumulative hazards of virological 
relapse were analyzed based on various baseline factors. Patients with cirrhosis, prior treatment experience, and a history 
of HCC exhibited significantly higher cumulative hazards of virological relapse (Figure 2).

Baseline Risk Factors and Cumulative Incidence for HCC
Thirty-six cases of de novo HCC were identified after achieving SVR at either 12 or 24 weeks post-treatment. The 
incidence rate of HCC was 12.9 per 1000 person years in the first year, increased to 31.7 per 1000 person years in 
the second year, and decreased to 23.8 per 1000 person years in the third year. The occurrence of HCC stayed consistent 
in patients without cirrhosis from 0.1 to 3.5 per 1000 person-years. In contrast, patients with underlying cirrhosis 
exhibited a notably elevated annual incidence rate, peaking at 69.5 per 1000 person-years two years after achieving SVR. 
The difference was statistically significant (P < 0.0001) (Table S2).

In the analysis using univariate and multivariate Cox regression models for assessing baseline factors related to 
the development of HCC post-DAA treatment, several significant findings emerged. In univariate analysis, increased 
risks of HCC were linked to age ≥60 years, prior treatment experience, presence of cirrhosis, alcohol abuse, 
hypertension, coronary heart disease, diabetes, and an ALBI score > −2.60. Notably, the presence of cirrhosis 
emerged as the most potential predictor of HCC after DAA treatment, with a hazard ratio of 8.43 (95% CI 
3.26–21.83, P < 0.0001). Subsequent multivariate analysis further explored the independent impact of these baseline 
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factors on developing HCC. In multivariate analysis incorporating significant variables within univariate analysis (P 
< 0.05), baseline liver cirrhosis, alcohol abuse, and diabetes were recognized to be autonomous factors contributing 
to the risk of HCC. Specifically, liver cirrhosis at baseline (adjusted HR 6.57, 95% CI 2.66–16.28), alcohol abuse 
(adjusted HR 4.71, 95% CI 2.07–10.70), and diabetes (adjusted HR 2.33, 95% CI 1.05–5.15) were related to an 
increased risk of HCC. Conversely, age, treatment-naïve status, hypertension, coronary heart disease, and ALBI 

Figure 2 Cumulative risk analysis of (A) cirrhosis; (B) Treatment-naïve; (C) prior HCC with virologic relapse (Log rank test).

Table 3 Univariate and Multivariate COX Regression Analysis of Different Predictors Variables of 
Virological Relapse After DAA Treatment

Variables Univariate Analysis Multivariate Analysis

HR (95% CI) P-Value aHR (95% CI) P-Value

Gender,(male vs female) 2.15(0.91–5.12) 0.08

Age,(≥60 vs <60) 0.88(0.37–2.08) 0.77

BMI index,(≥30 vs <30) 1.18(0.48–2.93) 0.72

Treatment-Naïve (Yes vs No) 3.31(1.11–9.83) 0.03 2.51(0.83–7.56) 0.103

Prior HCC (Yes vs No) 4.26(1.25–14.48) 0.02 2.38(0.67–8.50) 0.18

Cirrhosis (Yes vs No) 3.94(1.59–9.75) 0.003 3.20(1.24–8.25) 0.016

Elevated AFP (Yes vs No) 1.15(0.37–3.57) 0.81

HCV RNA Viral load≥6 million IU/ML (Yes vs No) 1.29(0.50–3.34) 0.59

Alcohol abuse (Yes vs No) 3.37(0.99–11.45) 0.051

Hypertension (Yes vs No) 1.31(0.44–3.90) 0.63

Coronary heart disease (Yes vs No) 0.84(0.11–6.22) 0.86

Fatty liver (Yes vs No) 0.05(0–164.43) 0.46

Diabetes (Yes vs No) 2.24(0.75–6.65) 0.15

APRI score (<2 vs ≥2) 0.81(0.24–2.74) 0.73

FIB-4 index (<3.25 vs ≥3.25) 1.13(0.42–3.06) 0.81

ALBI score (≤-2.60 vs >-2.60) 2.46(0.92–6.56) 0.07
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score were not found to be autonomous factors for HCC in this cohort (Table 4). Furthermore, the HCC’s 
cumulative hazard analysis based on different baseline factors revealed that patients with cirrhosis, decompensated 
cirrhosis, age ≥60, treatment experience, hypertension, coronary heart disease, diabetes, alcohol abuse, and ALBI 
score ≥-2.60 had significantly higher cumulative hazards of HCC (Figure 3).

Baseline Risk Factors and Cumulative Incidence for Mortality
Over the course of the 5-year monitoring period, 31 cases of all-cause death were recorded, resulting in a cumulative 
incidence of all-cause mortality of 1.51%. In univariate analysis, factors related to patients’ survival included being male, 
age ≥60, baseline liver cirrhosis, alcohol abuse, hypertension, diabetes, presence of nephropathy, and ALBI score. In this 
study cohort, factors such as BMI index, treatment-naïve status, elevated AFP levels, HCV RNA viral load, coronary 
heart disease, fatty liver, APRI score, and the FIB-4 index were not related to patients’ mortality within univariate 
analysis. However, in multivariable analysis, baseline liver cirrhosis and diabetes were identified as factors markedly 
related to patients’ mortality. Specifically, baseline liver cirrhosis (adjusted HR 6.93, 95% CI 2.56–18.74) and diabetes 
(adjusted HR 2.72, 95% CI 1.13–6.55) were associated with a heightened risk of mortality. On the other hand, factors 
such as gender, age, alcohol abuse, hypertension, presence of nephropathy, and ALBI score were not identified to be 
independent risk causes for mortality within this cohort (Table 5). Significantly higher cumulative hazards of death were 
observed in patients suffering from cirrhosis, decompensated cirrhosis, baseline HCC, HCC, age ≥60, male gender, 
virological relapse, alcohol use, hypertension, diabetes, and nephropathy. These factors were related to an increased risk 
of mortality within the study cohort (Figure 4).

Table 4 Univariate and Multivariate COX Regression Analysis of Different Predictors Variables of Cases 
of HCC After DAA Treatment

Variable Univariate Analysis Multivariate Analysis

HR (95% CI) P-Value aHR (95% CI) P-Value

Gender,(male vs female) 1.88(0.98–3.62) 0.058

Age,(≥60 vs <60) 2.40(1.20–4.80) 0.013 1.53(0.72–3.28) 0.272

BMI index,(≥25 vs <25) 0.90(0.44, 1.87) 0.782

Treatment-Naïve (Yes vs No) 2.87(1.20–6.90) 0.018 1.62(0.63–4.17) 0.320

Cirrhosis (Yes vs No) 9.89(4.12–23.76) <0.0001 6.57(2.66–16.28) <0.0001

Elevated AFP (Yes vs No) 1.74(0.32–9.51) 0.522

HCV RNA Viral load≥6 million IU/ML (Yes vs No) 0.64(0.27–1.53) 0.315

Alcohol abuse (Yes vs No) 7.36(3.46–15.66) <0.0001 4.71(2.07–10.70) <0.0001

Hypertension (Yes vs No) 2.83(1.41–5.65) 0.003 1.18(0.51–2.75) 0.69

Coronary heart disease (Yes vs No) 3.47(1.44–8.33) 0.005 1.69(0.60–4.75) 0.321

Fatty liver (Yes vs No) 0.47(0.06–3.42) 0.46

Diabetes (Yes vs No) 4.38(2.16–8.90) <0.0001 2.33(1.05–5.15) 0.038

APRI score (<2 vs ≥2) 1.44(0.65–3.17) 0.367

FIB-4 index (<3.25 vs ≥3.25) 1.04(0.50–2.14) 0.923

ALBI score (≤-2.60 vs >-2.60) 2.15(1.03–4.53) 0.043 1.47(0.69–3.13) 0.322
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Changes of Liver Stiffness Measurement After DAA Treatment
Our study revealed a notable decrease in LSM at EOT as well as 1, 2, 3, 4, and 5 years of follow-up within cirrhosis 
patients (all P < 0.01). Additionally, LSM values demonstrated a notable decrease at EOT and throughout a follow-up 
period in non-cirrhosis patients (all P < 0.001) (Figure 5).

Figure 3 Cumulative probability of HCC according to (A) cirrhosis; (B) compensated cirrhosis (C) age; (D) treatment-naïve; (E) hypertension; (F) Coronary heart disease; 
(G) diabetes; (H) alcohol abuse and (I) AIBI score (Log rank test).
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Changes of APRI Score, FIB-4 Index and ALBI Score Over Time
Changes in the APRI score, FIB-4 index, and ALBI score were assessed over various time points. We found a notable 
decrease in APRI score levels at the EOT and at 1, 2, 3, 4, and 5 years of follow-up than baseline in both cirrhosis and 
non-cirrhosis groups (all P < 0.0001). Specifically, FIB-4 index levels decreased markedly at EOT, 1yFU, and 2yFU in 
cirrhosis patients (all P < 0.0001), while non-cirrhosis patients had no significant changes (P > 0.05). The ALBI score in 
cirrhosis patients showed a significant decrease at 1yFU, 2yFU, and 3yFU (P < 0.0001, P < 0.01, and P < 0.05, 
respectively) but showed no significant changes at 4yFU and 5yFU (P > 0.05). Furthermore, a substantial decrease within 
the ALBI score was observed during 1-year follow-up within the non-cirrhosis group (P < 0.001) (Table S3 and 
Figure 6). Furthermore, our evaluation of their long-term impact on the risks of virological relapse, HCC, and mortality 
did not identify them as independent causes contributing to developing these outcomes (Tables 3–5; Figure 3 and 4).

Discussion
Recently, the landscape of antiviral therapy for HCV infection has shifted from interferon (IFN)-based regimens to 
interferon-free DAAs. Nevertheless, prospective data on the long-term outcomes in real-world settings are sparse and 
intricate. To our understanding, our study represents the most extensive follow-up period, multi-center prospective study 
of patients in China following SVR achieved through DAA treatment. Our extensive follow-up study commenced with 
patients who achieved sustained virologic response. Following the availability of effective DAA regimens in China in 
2017, we prospectively recruited individuals who received DAA treatment.

With the widespread utilization of DAAs, achieving SVR is nearly universal among HCV-infected individuals 
following antiviral treatment. Nevertheless, viral eradication may not always equate to a complete cure for the disease, 

Table 5 Univariate and Multivariate COX Regression Analysis of Different Predictors Variables of Death 
After DAA Treatment

Variables Univariate Analysis Multivariate Analysis

HR (95% CI) P-Value aHR (95% CI) P-Value

Gender,(male vs female) 2.39(1.16–4.92) 0.018 2.26(0.97–5.24) 0.058

Age,(≥60 vs <60) 3.34(1.49–7.47) 0.003 2.19(0.90–5.35) 0.085

BMI index,(≥30 vs <30) 1.09(0.42–2.87) 0.86

Treatment-Naïve (Yes vs No) 0.79(0.19–3.35) 0.75

Cirrhosis (Yes vs No) 8.14(3.34–19.85) <0.0001 6.93(2.56–18.74) <0.0001

Elevated AFP (Yes vs No) 1.40(0.58–3.37) 0.46

HCV RNA Viral load≥6 million IU/ML (Yes vs No) 0.37(0.11–1.23) 0.105

Alcohol abuse (Yes vs No) 5.20(2.13–12.68) <0.0001 1.64(0.52–5.17) 0.400

Hypertension (Yes vs No) 2.80(1.32–5.94) 0.008 1.33(0.54–3.26) 0.536

Coronary heart disease (Yes vs No) 2.34(0.82–6.69) 0.11

Fatty liver (Yes vs No) 0.05(0–35.34) 0.36

Diabetes (Yes vs No) 5.79(2.77–12.12) <0.0001 2.72(1.13–6.55) 0.026

Nephropathy (Yes vs No) 4.61(1.40–15.17) 0.012 3.33(0.73–15.24) 0.12

APRI score (<2 vs ≥2) 0.73(0.26–2.09) 0.56

FIB-4 index (<3.25 vs ≥3.25) 0.53(0.20–1.43) 0.21

ALBI score (≤-2.60 vs >-2.60) 2.35(1.02–5.41) 0.045 1.50(0.64–3.52) 0.35
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as patients remain susceptible to disease progression. Numerous investigations have demonstrated that achieving SVR at 
12 or 24 weeks is linked to enhanced clinical results, such as mitigating fibrosis progression and lowering the risk of 
HCC.15–18 Despite achieving SVR, there remains a residual risk of liver disease progression, underscoring the crucial 
significance of ongoing patient surveillance. As outlined by Wang S. and colleagues, diligent surveillance and prompt 
diagnosis play a pivotal role in enhancing cancer cure rates by enabling timely and appropriate follow-up interventions.19 

Given the impracticality of monitoring all patients who have achieved a virologic cure, it is imperative to pinpoint 

Figure 4 Survival analysis of different subgroups (A–P) of patients after DAA treatment. (A) cirrhosis; (B) decompensated cirrhosis; (C) baseline with HCC; (D) HCC; (E) 
age; (F) gender; (G) virologocial recurrence; (H) alcohol abuse; (I) hypertension; (J) coronary disease; (K) diabetes; (L) nephropathy; (M) AFP; (N) APRI score; (O) FIB-4 
index; (P) ALBI score.
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individuals at elevated risk for viral reactivation, HCC, and mortality. This task is further complicated by the dynamic 
nature of HCC risk, which evolves over time with changes in patients’ age and fibrosis status. While several studies have 
investigated factors predisposing virologically cured patients to short-term HCC risk, there is a scarcity of research 
focusing on the long-term risks of viral reactivation, HCC development, and overall prognosis.20–22 In this study, we 
examined the enduring risks of virological relapse, HHC, and overall prognosis by leveraging various baseline markers 
that could be monitored regularly during the follow-up period. Our goal was to pinpoint high-risk individuals necessitat-
ing vigilant surveillance. Consistent with prior research findings, it was noted that the occurrence of HCV virological 
relapse following successful SVR was infrequent.23 In our investigation, 21 individuals encountered a virological relapse, 
resulting in a cumulative incidence of 1.03% at the 5-year mark post SVR achievement. Notably, the cirrhosis cohort 
exhibited a higher incidence of virological relapse than non-cirrhosis group. Through multivariate analysis, we confirmed 
the presence of cirrhosis independently rised risk of HCV reappearance. Furthermore, subgroup analysis through Log 

Figure 5 Liver stiffness measurement value at baseline, EOT, 1yFU, 2yFU, 3yFU, 4yFU and 5yFU of (A) cirrhosis patients and (B) non-cirrhosis patients (*, P<0.05; **, 
P<0.01, ****, P<0.0001). 
Abbreviations: LSM, liver stiffness measurement; EOT, end of treatment; 1yFU,1-year follow-up; 2yFU, 2-year follow-up; 3yFU, 3-year follow-up; 4yFU, 4-year follow-up; 
5yFU, 5-year follow-up.

Figure 6 (A) APRI score, (B) FIB-4 index and the (C) ALBI score at Baseline, EOT, 1yFU, 2yFU, 3yFU, 4yFU and 5yFU (*, P<0.05; **, P<0.01; ***, P<0.001; ****, P<0.0001).

Infection and Drug Resistance 2025:18                                                                                             https://doi.org/10.2147/IDR.S487414                                                                                                                                                                                                                                                                                                                                                                                                    467

Zhang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



rank test revealed that patients with cirrhosis, those with prior treatment experience, and individuals with a history of 
HCC displayed a significantly elevated hazard of virological relapse. Patients, experienced virological relapse, were more 
inclined to have liver cirrhosis at the baseline assessment in comparison to those without cirrhosis.

Successful elimination of HCV through antiviral therapy diminishes, though does not eradicate, the likelihood of 
developing HCC. Studies have indicated that the AIR of HCC in individuals possessing both HCV infection and cirrhosis 
ranges from 1.5% to 8%.24,25 The remarkable success rates of SVR attained through novel DAA combination therapy 
offer promising prospects for a substantial decrease in the occurrence of liver cancer, particularly among individuals with 
cirrhosis.22,26 However, research conducted in Europe and North America has demonstrated that DAA therapy has 
minimal impact on HCC’s incidence. In fact, certain studies have suggested a potential elevated risk associated with 
DAA treatment.27,28 In our analysis, factors such as baseline liver cirrhosis, diabetes, and daily alcohol consumption of 
≥25 grams were found to be significantly related to the onset of HCC. Notably, diabetes has become an independent risk 
factor in developing HCC, and its risk is twice that of non-diabetic individuals. As anticipated, the presence of baseline 
liver cirrhosis was firmly linked to an elevated HCC risk. Furthermore, alcohol abuse emerged as another potential risk 
factor for HCC. Subgroup analysis using Log rank tests indicated that patients with cirrhosis, particularly those with 
decompensated cirrhosis, aged 60 and above, prior treatment experience, hypertension, coronary heart disease, diabetes, 
alcohol misuse, and an ALBI score of ≥−2.60 exhibited a heightened cumulative hazard of HCC.

Studies have indicated that undergoing DAA therapy and attaining SVR are linked to enhanced overall survival rates 
among patients with HCV, and even in individuals with HCC.29–31 Achieving SVR has been demonstrated to be 
correlated to a decreased risk of liver-related mortality and overall mortality rates.32,33 In our assessment of the extended 
survival outcomes after DAA treatment, we observed that patients with cirrhosis, decompensated cirrhosis, baseline 
HCC, HCC, aged over 60, male gender, virological relapse, alcohol consumption, hypertension, diabetes, and nephro-
pathy exhibited a notably elevated cumulative hazard of all-cause mortality. Furthermore, the multivariable analysis 
underscored that baseline liver cirrhosis and diabetes stood out as independent factors influencing patients’ survival and 
overall prognosis. Our findings indicate a reduced overall and liver-related mortality rate among patients cohort following 
a successful achievement of SVR through DAA treatment. This suggests a positive prognosis for these individuals.7,32,34 

Data from epidemiological studies in the United States revealed a decline in mortality attributed to HCV infection 
following the implementation of DAA therapies.35 There have been previous reports on the association among HCV 
infection with diabetes.36,37 Our study findings revealed that diabetes was pinpointed to be an independent risk factor in 
developing HCC and was associated with an unfavorable prognosis. Therefore, individuals with HCV, particularly those 
with cirrhosis and diabetes mellitus, should undergo vigilant monitoring.

Research conducted on interferon therapies has shown that a considerable proportion of patients with HCV may 
experience regression to liver fibrosis upon achieving SVR.38 Furthermore, recent research has presented evidence of 
liver stiffness improvement following the administration of novel DAA treatment.39–41 These studies have highlighted 
a reduction in liver stiffness across all fibrosis stages. In our extended surveillance, we noted a substantial decrease in 
LSM at EOT and at 1-year to 5-year follow-up in all patients. These findings suggest that DAA therapy holds an 
important state in enhancing liver biochemical parameters and reversing liver fibrosis. This is a good guide to the 
treatment of patients with hepatitis C cirrhosis.

Research has indicated a strong relationship among non-invasive markers of fibrosis, with severity of liver fibrosis 
and the potentially advancement of HCC.42–45 The APRI and FIB-4 scores have proven to be effective tools in detecting 
fibrosis and are widely accepted in clinical practice guidelines. Additionally, the ALBI score emerges as a valuable and 
cost-efficient approach for risk assessment and personalized monitoring of HCC in cirrhotic patients with a background 
of prior HCV infection through DAA treatment.44 During the five-year follow-up period, we assessed the changes in 
APRI score, FIB-4 index, and ALBI score over time. Our findings revealed a notable reduction in APRI scores at EOT as 
well as the 1-year until up to 5-year follow-ups compared to baseline levels. In cirrhotic patients, the FIB-4 index 
exhibited a notable decrease at EOT, 1-year, and 2-year follow-up, whereas non-cirrhotic patients showed no significant 
changes within FIB-4 index levels. Additionally, the ALBI score significantly decreased in cirrhotic patients at 1 to 
3-year follow-up, with no significant changes at 4-year and 5-year follow-up. Notably, a marked reduction within ALBI 
score was also observed at the 1-year follow-up in the non-cirrhotic group. In our initial univariate analysis, individuals 

https://doi.org/10.2147/IDR.S487414                                                                                                                                                                                                                                                                                                                                                                                                                                                                Infection and Drug Resistance 2025:18 468

Zhang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



with an ALBI score greater than −2.60 exhibited an increased risk of developing HCC and mortality. However, upon 
conducting a multivariate analysis, an ALBI score exceeding −2.60 was not identified as an independent risk factor for 
HCC or survival. It is essential to further validate the prognostic significance of the APRI score, FIB-4 index, and ALBI 
score with extended follow-up within our study cohort.

Our study’s notable strengths lie in the enrollment of a substantial population from two medical centres and the 
extensive prospective long-term follow-up period after DAAs’ introduction into China in 2017. Furthermore, our study 
design was prospective over the long term, encompassing a study cohort comprising both cirrhotic and non-cirrhotic 
patients. However, there are certain limitations. First, excluding patients with a history of HBV co-infection and HCV 
patients with a history of HIV co-infection may lead to underestimating the potential benefits of DAAs. Second, there 
may still be some unobservable variables affecting our results. We attempted to mitigate this by thoughtfully selecting 
variables that we believed could be pertinent to the outcomes of our study.

Conclusion
Despite achieving SVR, there remains a persistent risk of virological relapse, HCC, HCV-related mortality and liver- 
related complications even after the successful post-treatment 5-year follow-up period. Hence, it is imperative to 
implement a rigorous surveillance protocol for all cirrhotic patients undergoing treatment with DAAs, and extended 
follow-up is essential for evaluating the long-term risk of disease progression, particularly within individuals possessing 
liver cirrhosis.
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