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Abstract 

Introduction The treatment of hepatitis C has entered the pan-genotypic era, but the effectiveness is not good 
for the genotype 3b patients who have a large proportion in China. The guidelines for hepatitis C recommend the use 
of gene-specific regimens when the regional 3b prevalence rate greater than 5%. This study is to explore rationality 
of this proportion and the cost-effectiveness to implement pan-genotypic regimens in China.

Methods A decision Markov model was developed from the health system perspective to evaluate the effectiveness 
and cost-effectiveness between pan-genotypic and gene-specific treatment regimens for hepatitis C patients. Addi-
tionally, we set a regional genotype 3b patient proportion of 0–100% to explore at which proportion it is necessary 
to perform genotype identification and typing therapy on patients. Model parameters were derived from pub-
lished literature and public databases. Effectiveness was measured by cured patient numbers, newly diagnosed 
cases of decompensated cirrhosis, hepatocellular carcinoma, need for liver transplantation, and quality-adjusted life 
years (QALYs). Cost-effectiveness outcomes included costs and the incremental cost-effectiveness ratio (ICER). The 
1–3 times 2022 Chinese per capita gross domestic product was used as the willingness-to-pay threshold. One-way 
and probabilistic sensitivity analyses were performed to assess the uncertainty of the model parameters.

Results Compared with gene-specific regimens, pan-genotypic regimens resulted in an additional 0.13 QALYs 
and an incremental cost of $165, the ICER was $1,268/QALY. From the view of efficacy, the pan-genotypic regimens 
cured 5,868 more people per 100,000 patients than gene-specific regimens, avoiding 86.5% of DC cases, 64.6% of HCC 
cases, and 78.2% of liver transplant needs. Identifying 3b patients before treatment was definitely cost-effectiveness 
when their prevalence was 12% or higher. The results remained robust in sensitivity analyses.

Conclusions In China, the prioritized recommendation of pan-genotypic therapeutics proves to be both cost-effec-
tive and efficacious. But, in regions where the prevalence of genotype 3b exceeds 12%, it is necessary to identify them 
to provision of more suitable therapies.
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Introduction
China has the largest number of people with hepatitis 
C infection in the world [1]. In China, the number of 
hepatitis C virus infections reached nearly 10 million by 
2020 [2]. According to the China Health Statistics Year-
book, the reported incidence rate of hepatitis C in China 
increased from 9.93/10,000 in 2009 to 16.02/10,000 in 
2019 [3]. Patients with untreated chronic hepatitis C 
infection may develop serious liver-related complica-
tions, such as decompensated cirrhosis (DC) and hepato-
cellular carcinoma (HCC), resulting in significant clinical 
and economic burden.

The introduction of direct-acting antiviral agents 
(DAAs) in 2010 marked a transformative moment, ren-
dering hepatitis C a curable condition. Two principal 
categories of DAAs have surfaced: gene-specific agents 
and pan-genotypic agents. Gene-specific agents necessi-
tate genotyping tests, a procedure demanding specialized 
expertise and expensive equipment, making it challeng-
ing to implement in low- and middle-income countries 
[4]. The advent of pan-genotypic agents streamlined the 
treatment process by obviating the necessity for geno-
typic tests while retaining the benefits of traditional 
DAAs [5]. Nevertheless, pan-genotypic regimens are rel-
atively expensive and exhibit reduced efficacy in patients 
with hepatitis C genotype 3b [6, 7]. In practice, select-
ing pan-genotypic regimens, despite the disadvantages, 
enhances overall treatment accessibility and can extend 
benefits to a broader patient population because of inter-
ruption of transmission. Conversely, opting for gene-spe-
cific treatment is cheaper, but may inadvertently restrict 
treatment access for patients in resource-constrained 
regions [8, 9].

The World Health Organization has endorsed pan-gen-
otypic regimens as the preferred treatment for adult hep-
atitis C patients, and several nations, including the United 
States and France, have adhered to this recommendation. 
In contrast, countries such as Japan, Canada, and China, 
persist in their prioritization of gene-specific regimens 
due to price and efficacy concerns. Currently, the price of 
pan-genotypic regimens significantly decreased follow-
ing their inclusion in China’s health insurance reimburse-
ment system in 2020. Effective second-line therapies such 
as sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX), 
have been developed for patients who did not respond 
to initial DAAs, achieving a cure rate of approximately 
90% [10]. The primary focus is to explore whether China 
should consider changing its preferred treatment regi-
men, given the current pricing of pan-genotypic DAAs 
and the prevalence of Hepatitis C.

Furthermore, hepatitis C is transmitted through vari-
ous routes. While nosocomial transmission is now effec-
tively controlled, the challenges persist in controlling 

transmission among individuals engaged in drug use and 
those involved in high-risk sexual behaviors [11, 12]. The 
majority of this population is infected with subtypes 3 
and 6 [13–15], signifying that patients with genotype 3b 
will account for an increased proportion of patients with 
hepatitis C in the future [16]. Using pan-genotypic regi-
mens may not be the best choice for 3b patients, but the 
process of identifying these patients imposes time and 
testing costs on non-3b patients. The Chinese Guideline 
for the prevention and treatment of hepatitis C (2022 
version) recommend the testing for genotype is required 
even  use pan-genotypic  regimens when the regional 
prevalence of genotype 3b more than 5% [2]. Based on 
this, the second question in this study is whether it is 
necessary to identify 3b patients and change them to 
more effective regimens in regions that promote pan-
genotypic regimens.

In the present study, our objective was to compare 
the cost-effectiveness and effectiveness of using pan-
genotypic regimens with gene-specific regimens from 
the Chinese health system perspective.  Additionally, we 
aimed to explore the necessity of identifying genotype 3b 
patients and switching regimens in regions prioritizing 
pan-genotypic regimens.

Methods
Study overview
From the perspective of the Chinese  health system, we 
developed a decision-analytic Markov model based on 
established models that have been widely utilized in hep-
atitis C research [17–19]. The model was used to simu-
late the progression of hepatitis C disease under various 
treatment pathways. The model was built by Microsoft 
Excel 2016 and updated with recent Chinese-specific 
data. This study was performed in 2023 and followed 
the Consolidated Health Economic Evaluation Report-
ing Standards (CHEERS) reporting guideline [20]. All 
data were publicly available from published studies and 
reports that exempted this study from requiring approval 
from an institutional review board.

This study aimed to answer two questions: (1) "Should 
pan-genotypic regimens be prioritized in China?". To 
answer this question, we compared the differences in 
efficacy and cost-effectiveness between the use of pan-
genotypic regimens and gene-specific regimens for adult 
Chinese patients with hepatitis C. We also considered 
the impact of simulation years and the price of pan-gen-
otypic regimens on the results when answering this ques-
tion. (2) "Is it necessary to identify genotype 3b patient in 
the regions where promoting pan-genotypic regimens". 
We compared the effectiveness and cost-effectiveness of 
two approaches: in areas where the use of pan-genotypic 
regimens are promoted, genotyping the entire patient 
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population to identify subtype 3b patients and changing 
their regimen to a more effective one, versus not con-
ducting genotyping tests. We established 100 districts 
with 3b patient proportion varying from 0 to 100% and 
varied the proportion incrementally by one percent each 
time. For the sake of simplicity in our comparison, we 
categorized the population into two groups: 3b patients 
and non-3b patients. Except for the 3b patients in the 

group requiring genotyping tests, who received sofosbu-
vir/velpatasvir (SOF/VEL) plus ribavirin (RBV), all other 
patients were treated with SOF/VEL.

Model description
This model consisted of a decision tree model and a 
16-state Markov model and model structure is shown in 
Fig. 1.

Fig. 1 Decision analysis model structure. A decision tree model structure; B markov model structure. SVR sustained virologic response, F0–F4 
METAVIR fibrosis score, DC decompensated cirrhosis, HCC hepatocellular carcinoma, LT liver transplantation(first year), PLT post-liver transplantation 
(> 1 year), SOF Sofosbuvir, VEL Velpatasvir, LDV Ledipasivr, VOX Voxilaprevir, RBV ribavirin
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Decision tree model structure
A decision tree model was built to simulate the outcomes 
of patients with hepatitis C receiving different treatment 
options.

From January 2020, sofosbuvir/ledipasvir (SOF/
LDV), SOF/VEL, and grazoprevir/elbasvir(GZR/EBR) 
accounted for almost the entire DAAs market in China 
[21]. Therefore, we chose SOF/VEL to represent the pan-
genotype regimens. Because GZR/EBR can only treat 
type 1 patients and shares similar treatment duration, 
efficacy, and cost attributes with SOF/LDV, we chose 
SOF/LDV to represent gene-specific DAAs. Determine 
treatment regimens for different patient cohorts based 
on the advice in guidelines [2]. For the gene-specific 
regimen, treatment selection would be guided by geno-
typing test results. Patients with genotypes 1, 2, and 6 
received SOF/LDV, genotype 3a patients were treated 
with SOF/VEL, and genotype 3b patients were treated 
with SOF/VEL plus RBV. For the pan-genotypic regimen, 
in regions where the prevalence of 3b is less than 5%, 
genotyping was unnecessary, and all patients received 
SOF/VEL. In areas where the 3b prevalence exceeded 
5%, genotyping was needed to identify 3b patients. These 
3b patients were treated with SOF/VEL plus RBV, while 
other patients were treated with SOF/VEL. Therefore, we 
would follow these rules to differentiate between patients 
choosing pan-genotypic treatment in question 1 to make 
it more realistic. All medication courses were 12 weeks. 
Sustained virologic response (SVR) rates for each treat-
ment and the incidence of serious adverse reactions were 
estimated from real-world research [22–24] and clinical 
trials (Additional file 1: Table S1) [6, 7, 25].

Key assumptions in the decision tree model structure 
were that, first, for patients who must choose treatment 
based on the genotyping test results, we hypothesized 
that 5.8% of patients would be lost due to the absence of 
genotyping facility or other reasons [8, 26, 27]. Second, 
75% of patients who failed initial treatment were assumed 
to continue treatment with the SOF/VEL/VOX regimen, 
while those who failed second-line treatment were no 
longer receiving antiviral therapy [28–30]. Third, due to 
the short treatment time and efficacy of direct antiviral 
therapy, which needed only oral medication, we assumed 
100% compliance with treatment and patients would not 
reinfect and relapse after obtaining SVR.

Markov model structure
Patients would transition to the Markov model based on 
their liver fibrosis stage and the treatment outcomes from 
the decision tree model. Patients who did not achieve 
SVR entered the natural history model, while those who 
were successfully cured entered the SVR model. The nat-
ural Markov model was constructed based on the natural 

history of hepatitis C [31, 32], including five liver fibrosis 
states distinguished by the METAVIR fibrosis scores(F0, 
no fibrosis; F1, portal fibrosis without septa; F2,  portal 
fibrosis with few septa; F3, numerous septa without fibro-
sis; and F4, cirrhosis), the decompensated cirrhosis state, 
the hepatocellular carcinoma state, the liver transplant 
state(first year), the post liver transplant state (> 1 year), 
the liver-related disease death state and the natural death 
state. The difference between the SVR model and the nat-
ural history model was that in the SVR model, patients 
in stages F0-F2 would not continue to progress in their 
disease state after obtaining SVR, whereas patients in 
stages F3 and F4 would continue progressing at a lower 
probability than those who do not achieve SVR [33]. Pro-
gression rates between different disease states were esti-
mated from published meta-analyses [34], observational 
studies [35, 36], and other cost-effectiveness studies [19, 
37] (Additional file 1: Table S2). The model was run with 
a 1-year cycle and run for 30 years.

Cohort characteristics
The population cohort in the decision-analytic Markov 
model represented hepatitis C patients in China. Over 
the past five years, the average number of newly con-
firmed cases of hepatitis C in China has been approxi-
mately 210,000 per year [38]. According to retrosepctive 
study, 28,102 patients were treated with DAAs in 2020, 
and 49,592 in 2021 [21](23% of newly diagnosed cases). 
We assumed that 50% of patients would be treated with 
DAAs in 2022. The simulated cohort size was set at 
100,000. The hepatitis C virus genotype distribution, 
liver disease status distribution, and age distribution 
were obtained from published studies (Additional file 1: 
Table  S3) [39–41]. Considering the average age of the 
hepatitis C patients receiving treatment [41], the appro-
priate age for liver transplantation [42], and the average 
life expectancy in China [43], the model was designed 
to run for a maximum of 30 cycles. Age-specific annual 
mortality rates for the general population were from the 
National Bureau of Statistics.

Cost and utility
Costs were estimated from the health system per-
spective, considering only direct medical costs, which 
included diagnosis costs, treatment costs, costs attrib-
uted to the patient’s health state, and costs for the 
management of serious adverse events (Additional 
file 1: Table S4). The costs of hepatitis C virus testing 
were estimated based on public disclosure of medical 
service price items in 30 Chinese provinces and cities 
(22 provinces, 4 direct-administered municipalities, 
and 4 autonomous regions excluding Tibet), treatment 
costs were from Menet, and other costs were estimated 
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from published literature [33, 44, 45]. The costs were 
reported in 2022 US dollars and were inflated to 2022 
values using the Consumer Price Index.

Utilities were obtained from the published literature 
[33, 46, 47] and were made up of three components, 
including utility for each disease state in its natural 
state, utility after SVR, and utility during treatment 
(Additional file  1: Table  S4). The utility during treat-
ment was reduced due to the presence of adverse 
effects during treatment [46].

The costs and QALYs were discounted at an annual 
rate of 5% [48].

Outcome measures
We report the results in terms of both effectiveness 
and cost-effectiveness. Effectiveness was measured 
by cured patient numbers, newly diagnosed cases of 
decompensated cirrhosis, newly diagnosed cases of 
hepatocellular carcinoma, need for liver transplanta-
tion, and quality-adjusted life years (QALYs). Cost-
effectiveness outcomes included direct medical costs, 
the incremental cost-effectiveness ratio (ICER), and 
net health benefits. According to the recommen-
dations of the World Health Organization and the 
Guidelines for the Evaluation of Chinese Pharmaco-
economics, this study used 1–3 times the per capita 
GDP of China reported in 2022 ($12,714–$38,142) as 
the willingness-to pay threshold.

Sensitivity analyses
A one-way sensitivity analysis was performed to evalu-
ate the impact of the uncertainty of some key model 
parameters (i.e. simulation of cohort characteristics 
parameters, costs, discount rate, SVR rates, etc.) on 
the results. The estimated range of each parameter was 
based on either the reported or determined by assum-
ing a 5–20% change from the base-case value. We also 
performed a probabilistic sensitivity analysis using 
Monte Carlo simulations for 10,000 iterations to evalu-
ate the uncertainty of our input parameters and gave 
the results by a cost-effectiveness curve.

Results
The main results of question one are shown in Table  1. 
Opting for the pan-genotypic regimen resulted in an 
average increase of 0.13 QALYs compared to selecting 
the gene-specific regimen. While choosing the pan-gen-
otypic regimen incurred an additional cost of $165, the 
calculated ICER was $1,268 per QALY. This meant that 
choosing the pan-genotypic regimen was more cost-
effective, considering the ICER was less than a willing-
ness-to-pay threshold of one time the GDP per capita. 
The pan-genotypic option cured 5,868 more people per 
100,000 individuals, indicating superior treatment out-
comes, and each additional person cured would result in 
an additional cost of $2,812. Furthermore, the results also 
showed that the use of pan-genotypic regimens would 
lead to an 86.5% decrease in DC cases, a 64.6% decrease 
in HCC cases, and a 78.2% reduction in the need for liver 
transplantation compared to gene-specific regimens.

By adjusting the simulation duration, we found that 
the first year in which treatment was received choos-
ing the pan-genotypic option would incur an extra cost 
of $487, and resulted in an average increase of 0.001 
QALYs compared to selecting the gene-specific regi-
men. The cost-effectiveness of choosing the pan-gen-
otypic regimen became apparent starting from the fifth 
year(ICER = 32,034 $/QALY). By the tenth year, it would 
be less than 1 times the per capita GDP(ICER = 11,424 
$/QALY). By adjusting the price of SOF/VEL, we also 
observed that when the unit price of SOF/VEL dropped 
to $427.4, pan-genotypic regimens had an absolute 
advantage in 30-years simulations. When the unit price 
of SOF/VEL decreased from $489.1 to $306.7, choosing 
pan-genotypic regimens became advantageous in any 
simulation years.

The results for the second question showed that the 
higher the proportion of 3b patients, the greater the 
cost-effectiveness, efficacy, and reduction in hepatitis 
C-related disease by identifying 3b patients compared 
to a direct pan-genotypic regimen. From a 3b patient 
population of 10%, the simulaiton results showed that 
identifying 3b patients was cost-effective and became 
absolutely advantageous when the proportion of 3b 
patients reached 12%. Moreover, as the simulation period 
extended, the subgroup that underwent genetic testing 
to identify 3b patients, in comparison to the subgroup 

Table 1 Model simulation results

Strategy Cost ($) Effectiveness 
(QALYs)

ICER ($/QALY) Effectiveness 
(Cured)

ICER ($/Cured) Number of new cases

DC HCC LT

Gene-specific treatment 2869 13.756 93699 2003 3874 261

Pan-genotype treatment 3034 13.886 1268 99567 2812 270 1372 57
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using a pan-genotypic regimen, would incur lower costs, 
achieve higher average QALYs, and experience a reduced 
incidence of hepatitis C-related diseases. When the 
simulation year extended to 20  years or more, the sub-
groups identifying 3b patients began to exhibit advantage 
in all areas, except for those where the proportion of 3b 
patients was less than 1%. Net monetary benefits were 
greater than 0 for both subgroups in any simulated year 
and at any percentage of 3b patients. We selected ten rep-
resentative proportions of 3b patients based on the pro-
portions of 3b patients in various provinces, the change 
in the difference in net monetary benefits was shown in 
Fig. 2.

Sensitivity analyses
Univariate sensitivity analysis showed that the results 
remained essentially unchanged when the parameters 
fluctuated within reasonable ranges (Fig. 3). The change 
in parameters would only change the pan-genotypic regi-
men from a dominant regimen to an absolute dominant 
regimen.

The results of the probabilistic sensitivity analysis 
remained robust and are presented in Fig. 4. The proba-
bilistic sensitivity analysis result of question 1 showed 
that gene-specific regimen  was cost-effectiveness  as 
the willingness-to-pay threshold increases from 0 to 
$931.1. When the willingness-to-pay exceeded $931.1, 
there was an increasing trend in the probability that 
pan-genotypic regimen  was  more cost-effective, rang-
ing from 50% to 99.9%. The probabilistic sensitivity 
analyses for Question 2 were simulated over a 30-year 
period, choosing nine scenarios that represented the 
proportion of patients with 3b in each province and 
city in China. The results showed that the probability 
of performing genotyping tests being cost-effectiveness 
would be higher as the willingness-to-pay threshold 
increased in areas with 2% and 4% of patients with 3b, 
and that performing genotyping tests would always 
be the advantageous option when the percentage of 
patients with 3b was greater than 8%.

Fig. 2 Plot of net monetary benefit margin over modeled years. NMB Net Monetary Benefit, ΔNMB NMB(identification of 3b patient group)—
NMB(direct use of pan-genotype regimen
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Discussion
Our study found that pan-genotypic regimens were 
cost-effective in long-term simulations but may not at 
the begining. We find that in the short term, it is more 
expensive to choose the pan-genotypic regimen, but the 
difference in treatment costs between the two regimens 
becomes decreasing as the number of years of simu-
lated treatment increases. This may be attributed to the 
higher drug prices for pan-genotypic regimens and the 
fact that choosing pan-genotypic regimens results in 
more patients to pay for Hepatitis C treatment, which 
is more expensive compared to the cost of genetic test-
ing for the entire patient when choosing a gene-specific 
regimens. However, because a successful cure prevents 
hepatitis C from worsening, it can reduces the costs 

associated with hepatitis C-related illnesses. In long-
term simulations, opting for pan-genotypic regimens 
would prove advantageous also because it enables more 
patients to enhance their quality of life through suc-
cessful treatment. In our research, we found that the 
higher the number of individuals declining genotyp-
ing tests, the greater the likelihood that the utilization 
of pan-genotypic regimens would be cost-effective in 
the short term. However, it had little to no effect on 
long-term results. This suggests the need to consider 
factors beyond efficacy when selecting recommended 
regimens. Our study also found that in areas with a 3b 
prevalence of over 12%, genetic testing was still neces-
sary before providing targeted treatment recommenda-
tions. In addition, genotype data can be obtained from 

Fig. 3 Tornado diagram of one-way sensitivity analyses. SVR sustained virologic response, F0–F4 METAVIR fibrosis score, SOF Sofosbuvir, VEL 
Velpatasvir, LDV Ledipasivr

Fig. 4 Cost-effectiveness Acceptability Curve A question 1 simulation; B question 2 simulation. SOF Sofosbuvir, VEL Velpatasvir, LDV Ledipasivr
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sources such as local epidemiological survey databases, 
making this a highly feasible proposal. The direct appli-
cation of our study in local practice might pose some 
challenges due to data availability issues, including the 
effectiveness of treatments for drug users, patient will-
ingness to undergo treatment, and the availability of 
genetic testing equipment.

In contrast to similar studies, our long-term simula-
tion results are consistent with the findings of Goel et al. 
in India [8]. They found that using velpatasvir-based 
pan-genotypic to treat hepatitis C increased QALYs by 
0.92 and incurred an additional cost of $107, indicat-
ing cost-effectiveness. However, Gholamhoseini et  al.’s 
[9] short-term simulations in Iran showed that the use 
of pan-genotypic regimens was cost-effective since they 
did not distinguish between differences in efficacy for 
genotypes 1 and 3 in the subgroups who used SOF/
VEL. In comparison to previous studies [33, 39, 49], we 
introduced the consideration of patient attrition or dis-
continuation from treatment due to genetic testing and 
second-line treatment. We also enhanced the hepatitis C 
progression pathway and fine-tuned the model param-
eters. For instance, we incorporated the most recent 
prices of DAAs and utilized epidemiological data spe-
cific to China. This enabled our study to provide insights 
into the suitability of clinical pathways for regimen selec-
tion based on genotypic test results in the contemporary 
context. It also serves as an evidence base for addressing 
future decision-making questions related to hepatitis C 
management.

Our study has certain limitations. First, we did not 
consider the impact of disease transmission. Hepatitis 
C is an infectious disease, which means that uncured 
and untreated patients are at risk of infecting others 
[15]. Since hepatitis C is a curable disease, success-
fully curing the patient is equivalent to controlling the 
source of infection. Curing hepatitis C disease helps 
patients reintegrate into society, reducing discrimi-
nation and social exclusion caused by the illness. This 
contributes to the establishment of a more inclusive 
social environment. Recovered patients are more likely 
to engage in regular work and social activities, reduc-
ing productivity losses associated with the disease the 
burden of care on their families. The absence of this 
consideration in our study may lead to an underestima-
tion of the benefits of pan-genotypic regimens. Second, 
due to constraints in data accessibility, we assumed 
consistent fibrosis severity across genotypes and did 
not consider the impact of treatment on patients with 
comorbidities, potentially differing from real clinical 
scenarios. Additionally, we did not address patients 
with compound or unknown genotypes. Actually, pan-
genotypic regimens can be used to treat this group of 

patients, whereas gene-specific regimens cannot, which 
means our reasearch potentially underestimating the 
cost-effectiveness of pan-genotypic regimens. To over-
come these limitations, further research, clinical trials, 
and better data are needed. High-quality methodol-
ogy in infectious disease cost-effectiveness evaluation 
can help address these issues. As an infectious disease 
in the process of being eliminated, the recording and 
analysis of data related to the transmission of hepatitis 
C will help in the prevention and control of other infec-
tious diseases.

Conclusion
Choosing pan-genotypic regimens can be cost-effective 
by preventing disease progression. We recommend pri-
oritizing pan-genotypic regimens for overall popula-
tion health. In regions with 12% or more genotype 3b 
patients, genotyping tests should still be conducted 
even when promoting pan-genotypic regimens.

Abbreviations
DAAs  Direct antiviral agents
SOF/LDV  Sofosbuvir/ledipasvir
SOF/VEL  Sofosbuvir/velpatasvir
GZR/EBR   Grazoprevir/elbasvir
SOF/VEL/VOX  Sofosbuvir/velpatasvir/voxilaprevir
RBV  Ribavirin
SVR  Sustained virologic response
QALY  Quality-adjusted life years
ICER  Incremental cost-effectiveness ratio
GDP  Gross domestic product
CHEERS  Consolidated Health Economic Evaluation Reporting 

Standards
DC  Decompensated cirrhosis
HCC  Hepatocellular carcinoma

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12962- 024- 00519-2.

Additional file 1: Table S1. SVR rate and incidence of serious adverse 
reactions for different treatment regimens. Table S2. SVR rate and 
incidence of serious adverse reactions for different treatment regimens. 
Table S3. Annual transition probabilities used in the markov model. 
Table S4. Cost and utility parameters used in the markov model.

Acknowledgements
None.

Author contributions
YT, DZ, and WT conceptualized and designed the research; YT, LL, and HS 
contributed to data collection; YT, LY, and DZ built and worked on analytical 
aspects of the model; YT wrote the first draft of the manuscript; XT, DZ and WT 
reviewed and edited the manuscript. All authors have read and approved the 
final manuscript.

Funding
This work was supported by NHC Key Laboratory of Health Technology Assess-
ment (Fudan University) (2023) and National Innovation and Entrepreneurship 
Training Program for Undergraduate (No.202310316065Y).

https://doi.org/10.1186/s12962-024-00519-2
https://doi.org/10.1186/s12962-024-00519-2


Page 9 of 10Tu et al. Cost Effectiveness and Resource Allocation           (2024) 22:11  

Availability of data and materials
All data and material are available from the corresponding author upon 
reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Center for Pharmacoeconomics and Outcomes Research, China Pharmaceuti-
cal University, Nanjing 211198, China. 2 Department of Public Affairs Manage-
ment, School of Lnternational Pharmaceutical Business, China Pharmaceutical 
University, 639#Longmian Road, Nanjing 211198, China. 

Received: 15 November 2023   Accepted: 24 January 2024

References
 1. Sarin SK, Kumar M, Eslam M, et al. Liver diseases in the Asia-Pacific region: 

a lancet gastroenterology & hepatology commission. Lancet Gastroen-
terol Hepatol. 2020;5(2):167–228.

 2. Chinese Society Of Hepatology And Chinese Society Of Infectious 
Diseases CMA. Guideline for the prevention and treatment of hepatitis C 
(2022 version). Chin J Hepatol. 2023;01:29–46.

 3. Xia W, Li Y. An overview of the health insurance policy for treatment 
drugs of hepatitis C in China. Clin Med J. 2021;19(12):1–5.

 4. Bajis S, Applegate TL, Grebely J, Matthews GV, Dore GJ. Novel Hepatitic 
C Virus (HCV) diagnosis and treatment delivery systems: facilitating HCV 
elimination by thinking outside the clinic. J Infect Dis. 2020;222(Suppl 
9):S758–72.

 5. Stanciu C, Muzica CM, Girleanu I, et al. An update on direct antiviral 
agents for the treatment of hepatitis C. Expert Opin Pharmacother. 
2021;22(13):1729–41.

 6. Huang R, Rao H, Xie Q, et al. Comparison of the efficacy of sofosbuvir plus 
ribavirin in Chinese patients with genotype 3a or 3b HCV infection. J Med 
Virol. 2019;91(7):1313–8.

 7. Wei L, Lim SG, Xie Q, et al. Sofosbuvir-velpatasvir for treatment of chronic 
hepatitis C virus infection in Asia: a single-arm, open-label, phase 3 trial. 
Lancet Gastroenterol Hepatol. 2019;4(2):127–34.

 8. Goel A, Chen Q, Chhatwal J, Aggarwal R. Cost-effectiveness of generic 
pan-genotypic sofosbuvir/velpatasvir versus genotype-dependent 
direct-acting antivirals for hepatitis C treatment. J Gastroenterol Hepatol. 
2018;33(12):2029–36.

 9. Tasavon GM, Sharafi H, Hl BH, et al. Economic evaluation of pan-
genotypic generic direct-acting antiviral regimens for treatment 
of chronic hepatitis C in Iran: a cost-effectiveness study. BMJ Open. 
2022;12(6):e058757.

 10. Papaluca T, Roberts SK, Strasser SI, et al. Efficacy and safety of sofosbu-
vir/velpatasvir/voxilaprevir for hepatitis C virus (HCV) NS5A-inhibitor 
experienced patients with difficult to cure characteristics. Clin Infect Dis. 
2021;73(9):e3288–95.

 11. Song Y, Li Y, Cheng H, et al. Eliminate hepatitis C as a public health threat: 
a narrative review of strategies, gaps, and opportunities for China. Infect 
Dis Ther. 2022;11(4):1427–42.

 12. Zhao Z, Chu M, Guo Y, et al. Feasibility of hepatitis C elimination in China: 
from epidemiology, natural history, and intervention perspectives. Front 
Microbiol. 2022;13:884598.

 13. Liu CR, Li X, Chan PL, et al. Prevalence of hepatitis C virus infection 
among key populations in China: a systematic review. Int J Infect Dis. 
2019;80:16–27.

 14. Tao J, Liang J, Zhang H, et al. The molecular epidemiological study of HCV 
subtypes among intravenous drug users and non-injection drug users in 
China. PLoS ONE. 2015;10(10):e0140263.

 15. Xia X, Luo J, Bai J, Yu R. Epidemiology of hepatitis C virus infection among 
injection drug users in China: systematic review and meta-analysis. Public 
Health. 2008;122(10):990–1003.

 16. Tang Q, Chen Z, Li H, et al. Molecular epidemiology of hepatitis C virus 
genotypes in different geographical regions of Chinese mainland and a 
phylogenetic analysis. Infect Dis Poverty. 2023;12(1):66.

 17. Chhatwal J, He T, Lopez-Olivo MA. Systematic review of modelling 
approaches for the cost effectiveness of hepatitis C treatment with 
direct-acting antivirals. Pharmacoeconomics. 2016;34(6):551–67.

 18. He T, Lopez-Olivo MA, Hur C, Chhatwal J. Systematic review: cost-effec-
tiveness of direct-acting antivirals for treatment of hepatitis C genotypes 
2–6. Aliment Pharmacol Ther. 2017;46(8):711–21.

 19. Wu J, Zhou Y, Fu X, et al. The burden of chronic hepatitis C in China 
from 2004 to 2050: an individual-based modeling study. Hepatology. 
2019;69(4):1442–52.

 20. Husereau D, Drummond M, Augustovski F, et al. Consolidated health 
economic evaluation reporting standards 2022 (CHEERS 2022) statement: 
updated reporting guidance for health economic evaluations. BMJ. 
2022;376:e067975.

 21. Du X, Mi J, Cheng H, et al. Uptake of hepatitis C direct-acting antiviral 
treatment in China: a retrospective study from 2017 to 2021. Infect Dis 
Poverty. 2023;12(1):28.

 22. Liu CH, Chen PY, Chen JJ, et al. Sofosbuvir/velpatasvir for patients with 
chronic hepatitis C virus infection and compensated liver disease: real-
world data in Taiwan. Hepatol Int. 2021;15(2):338–49.

 23. Liu CH, Peng CY, Liu CJ, et al. Sofosbuvir/velpatasvir/voxilaprevir for 
patients with chronic hepatitis C virus infection previously treated with 
NS5A direct-acting antivirals: a real-world multicenter cohort in Taiwan. 
Hepatol Int. 2023. https:// doi. org/ 10. 1007/ s12072- 022- 10475-9.

 24. Lo CC, Huang CF, Cheng PN, et al. Ledipasvir/sofosbuvir for HCV geno-
type 1, 2, 4–6 infection: real-world evidence from a nationwide registry in 
Taiwan. J Formos Med Assoc. 2022;121(8):1567–78.

 25. Bourlière M, Gordon SC, Flamm SL, et al. Sofosbuvir, velpatasvir, 
and voxilaprevir for previously treated HCV infection. N Engl J Med. 
2017;376(22):2134–46.

 26. Xu Q, Zhang W, Ma YX, et al. Twelve-week of sofosbuvir/velpatasvir thera-
peutic regimen for chronic hepatitis C patients in northwest region of 
China: a real-world multicenter clinical study. Zhonghua Gan Zang Bing 
Za Zhi. 2021;29(11):1046–52.

 27. Girardin F, Hearmon N, Castro E, et al. Modelling the impact and cost-
effectiveness of extended hepatitis C virus screening and treatment 
with direct-acting antivirals in a swiss custodial setting. Clin Infect Dis. 
2019;69(11):1980–6.

 28. Chang LJ, Chang HC, Chen PY, et al. Factors associated with the refusal of 
direct-acting antiviral agents for the treatment of hepatitis C in Taiwan. 
Medicina (Kaunas). 2022;58(4):521.

 29. Elhence A, Singh A, Anand A, et al. Real-world re-treatment outcomes of 
direct-acting antiviral therapy failure in patients with chronic hepatitis C. J 
Med Virol. 2021;93(8):4982–91.

 30. Schmitt A, Günther R, Mauss S, et al. Treatment-failure to direct antiviral 
HCV regimens in real world: frequency, patient characteristics and rescue 
therapy - data from the German hepatitis C registry (DHC-R). Z Gastroen-
terol. 2020;58(4):341–51.

 31. Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural history of 
HCV infection. Nat Rev Gastroenterol Hepatol. 2013;10(9):553–62.

 32. Lee MH, Yang HI, Yuan Y, L’Italien G, Chen CJ. Epidemiology and 
natural history of hepatitis C virus infection. World J Gastroenterol. 
2014;20(28):9270–80.

 33. Wei X, Zhao J, Yang L. Cost-effectiveness of new antiviral treatments for 
non-genotype 1 hepatitis C virus infection in China: a societal perspec-
tive. BMJ Glob Health. 2020;5(11):e003194.

 34. Thein HH, Yi Q, Dore GJ, Krahn MD. Estimation of stage-specific fibrosis 
progression rates in chronic hepatitis C virus infection: a meta-analysis 
and meta-regression. Hepatology. 2008;48(2):418–31.

https://doi.org/10.1007/s12072-022-10475-9


Page 10 of 10Tu et al. Cost Effectiveness and Resource Allocation           (2024) 22:11 

 35. Dienstag JL, Ghany MG, Morgan TR, et al. A prospective study of the rate 
of progression in compensated, histologically advanced chronic hepatitis 
C. Hepatology. 2011;54(2):396–405.

 36. Wang SB, Wang JH, Chen J, Giri RK, Chen MH. Natural history of liver 
cirrhosis in south China based on a large cohort study in one center: 
a follow-up study for up to 5 years in 920 patients. Chin Med J (Engl). 
2012;125(12):2157–62.

 37. Hagan LM, Sulkowski MS, Schinazi RF. Cost analysis of sofosbuvir/riba-
virin versus sofosbuvir/simeprevir for genotype 1 hepatitis C virus in 
interferon-ineligible/intolerant individuals. Hepatology. 2014;60(1):37–45.

 38. Chinese Center for Disease Control and Prevention. 2023; 
2023(2023-4-16)

 39. Chen GF, Wei L, Chen J, et al. Will Sofosbuvir/Ledipasvir (Harvoni) be 
cost-effective and affordable for chinese patients infected with hepa-
titis C virus? An economic analysis using real-world data. PLoS ONE. 
2016;11(6):e0155934.

 40. Chen Y, Yu C, Yin X, et al. Hepatitis C virus genotypes and subtypes circu-
lating in Mainland China. Emerg Microbes Infect. 2017;6(11):e95.

 41. Rao H, Wei L, Lopez-Talavera JC, et al. Distribution and clinical correlates 
of viral and host genotypes in Chinese patients with chronic hepatitis C 
virus infection. J Gastroenterol Hepatol. 2014;29(3):545–53.

 42. Chinese Society Of Organ Transplantation CMA. Technical specifica-
tions for selection and preoperative evaluation of liver transplanta-
tion recipients in China(version 2019). 临床肝胆病杂志. 2020; 
36("LCGD202001012): 40

 43. Organizatio GWH. World health statistics 2022: monitoring health for the 
SDGs, sustainable development goals. Geneva: World Health Organiza-
tion; 2022.

 44. Heffernan A, Ma Y, Nayagam S, et al. Economic and epidemiological 
evaluation of interventions to reduce the burden of hepatitis C in Yunnan 
province, China. PLoS ONE. 2021;16(1):e0245288.

 45. Qing-ping S, Xiao-dong J, Feng D, et al. Consequences, measurement, 
and evaluation of the costs associated with adverse drug reactions 
among hospitalized patients in China. BMC Health Serv Res. 2014;14:73.

 46. Younossi ZM, Singer ME, Mir HM, Henry L, Hunt S. Impact of interferon 
free regimens on clinical and cost outcomes for chronic hepatitis C 
genotype 1 patients. J Hepatol. 2014;60(3):530–7.

 47. Zhou HJ, Cao J, Shi H, et al. Cost-effectiveness analysis of pan-genotypic 
sofosbuvir-based regimens for treatment of chronic hepatitis C genotype 
1 infection in China. Front Public Health. 2021;9:779215.

 48. Association CP. China Guidelines for Pharmacoeconomic Evaluations 
(2020). Beijing: Chinese Pharmaceutical Association; 2020.

 49. Chen P, Jin M, Cao Y, Li H. Cost-effectiveness analysis of oral direct-acting 
antivirals for chinese patients with chronic hepatitis C. Appl Health Econ 
Health Policy. 2021;19(3):371–87.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Is it time for China to prioritize pan-genotypic regimens for treating patients with hepatitis C?
	Abstract 
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study overview
	Model description
	Decision tree model structure
	Markov model structure
	Cohort characteristics
	Cost and utility
	Outcome measures
	Sensitivity analyses

	Results
	Sensitivity analyses

	Discussion
	Conclusion
	Acknowledgements
	References


