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Background: Hepatitis C virus (HCV) genotype 1 is the most prevalent HCV infection in

China. Sofosbuvir-based direct antiviral agent (DAA) regimens are the current mainstays

of treatment. Sofosbuvir/velpatasvir (SOF/VEL) and sofosbuvir/ledipasvir (SOF/LDV)

regimens became reimbursable in China in 2020. Thus, this study aimed to identify

the optimal SOF-based regimen and to inform efficient use of healthcare resources by

optimizing DAA use in treating HCV genotype 1.

Methods and Models: A modeling-based cost-utility analysis was conducted from

the payer’s perspective targeting adult Chinese patients with chronic HCV genotype 1

infection. Direct medical costs and health utilities were inputted into a Markov model

to simulate lifetime experiences of chronically infected HCV patients after receiving

SOF/LDV, SOF/VEL or the traditional strategy of pegylated interferon (pegIFN) + ribavirin

(RBV). Discounted lifetime cost and quality adjusted life years (QALYs) were computed

and compared to generate the incremental cost utility ratio (ICUR). An ICUR below the

threshold of 31,500 $/QALY suggests cost-effectiveness. Deterministic and probabilistic

sensitivity analyses were performed to examine the robustness of model findings.

Results: Both SOF/LDV and SOF/VEL regimens were dominant to the pegIFN +

RBV regimen by creating more QALYs and incurring less cost. SOF/LDV produced

0.542 more QALYs but cost $10,390 less than pegIFN + RBV. Relative to SOF/LDV,

SOF/VEL had an ICUR of 168,239 $/QALY which did not meet the cost-effectiveness

standard. Therefore SOF/LDV was the optimal strategy. These findings were robust

to linear and random variations of model parameters. However, reducing the

SOF/VEL price by 40% would make this regimen the most cost-effective option.
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Conclusions: SOF/LDV was found to be the most cost-effective treatment, and

SOF/VEL was also economically dominant to pegIFN + RBV. These findings indicated

that replacing pegIFN + RBV with DAA regimens could be a promising strategy.

Keywords: hepatitis C-chronic, cost-utility analysis, sofosbuvir/velpatasvir, sofosbuvir/ledipasvir, economic

modeling, incremental cost-effectiveness ratio, net monetary benefit

INTRODUCTION

Hepatitis C virus (HCV) infection is an escalating global health
concern. China alone has contributed 10 million cases of chronic
HCV (CHC) infection accounting for 7% of global infections (1).
HCV genotype 1 is the most prevalent HCV infection in China
(2–4). Within the current healthcare system, HCV epidemic
and resulting complications such as cirrhosis, decompensated
cirrhosis (DCC), hepatocellular carcinoma (HCC) and liver
transplantation (LT) are expected to increase in the next 10 years
(5). This presents a significant public health challenge to the
Chinese government and subsequently to theWHOgoal of global
HCV elimination by 2030 (6).

Similar to other developed countries, China has also entered
the era of direct acting antiviral agents (DAAs) for HCV
treatment. DAAs are highly effective in treatingHCV as sustained
virologic response (SVR) rates of these drugs are generally higher
than 95% (7). Currently most DAAs have been approved and
are marketed in China (8). DAAs are now becoming the first-
line treatment option for HCV infection. Sofosbuvir (SOF)-
based regimens appear to be the most widely used treatment
strategy largely because sofosbuvir/velpatasvir (SOF/VEL) was
the first and only DAA included in the National Essential
Drug List (October 2018) in China (9). In 2020, SOF/VEL and
sofosbuvir/ledipasvir (SOF/LDV) inclusion were negotiated by
the government and their prices were cut dramatically (10).
Concurrently SOF/VEL and SOF/LDV were enrolled in the
National Reimbursement Drug List (NRDL) where a range of 70–
90% of the cost was entitled for government reimbursement (11).

This action marked the commitment of the Chinese
government to fight the HCV epidemic. It is likely that the
SOF/LDV and SOF/VEL regimens will become the mainstays
of CHC treatment in the coming years. Clinical guidelines to
date do not mention which SOF-based regimen is the preferred
strategy, but instead recommend them equally as the pan-
genotypic DAA for treatment of CHC (12). However, SVR rates
are comparable between SOF/LDV and SOF/VEL treatment
strategies (13, 14). Therefore, clinicians would face difficulties
in choosing the best regimen if their decision were based solely
on the efficacy or effectiveness. It is valuable for clinicians to
understand the economic value of different treatments as another
facet toward improving clinical decision-making. In addition,
clinical decisions based on the economic evidence would enhance
efficiency in allocating healthcare budgets.

Economic evaluations of SOF/LDV and SOF/VEL have been
performed previously in patients with HCV genotype 1 infection.
Compared to IFN-based regimens, a 12-week course of SOF/LDV
was cost-saving for patients with cirrhosis (15), but was not
cost-effective in treatment naïve patients (16). In a cost-utility

analysis comparing SOF/VEL with other DAA regimens (17),
SOF/VEL was not the most cost-effective option for patients
with HCV genotype 1b and was less advantageous compared
to elbasvir/grazoprevir and paritaprevir/ritonavir + dasabuvir
regimens. However, these studies were conducted before the price
negotiation, and therefore the drug prices used were not the
most up-to-date. In a recent modeling-based economic analysis
after the new price policy was implemented, SOF/LDV, SOF/VEL
and other two DAA regimens were compared (57). Although
the lifetime cost was the lowest for the SOF/LDV regimen,
the SOF/VEL regimen was the most cost-effective strategy for
treating HCV genotype 1 infection. However, this study did not
include an IFN-based regimen as the reference case despite the
regimen still in use in many medical institutes. More studies are
necessary to build a strong foundation of economic evidence to
assist with clinical decision making on optimum CHC treatment.

With the two drugs included in the NRDL, it is necessary to re-
evaluate the comparative advantages of SOF/VEL and SOF/LDV
regimens in relation to the traditional standard of care (SoC). We
designed this cost-utility analysis based on a Markov model to
evaluate and compare SOF/LDV, SOF/VEL and SoC regimens in
terms of costs and quality-adjusted life years (QALYs). We aimed
to (1) identify the optimal SOF-based regimen to aid clinicians in
making informed clinical decisions; (2) To inform the efficient
use of limited healthcare resources by optimizing DAA use in
clinical practice.

MATERIALS AND METHODS

Candidate Strategies and Primary Clinical
Outcome
Similar to the previous studies (18–20), the SoC in China
consisting of pegIFN+ RBV for 48 weeks was set as the reference
case. Although the decade-long pegIFN-based regimens are
now less popular, they are still in use in many areas of
China. Candidate strategies were SOP/LDV (400 mg/90mg)
once daily for 12 weeks, as per the Chinese Clinical Guideline
for Treatment and Prevention of Hepatitis C Infection (12).
The SOF/VEL regimen prescribes SOF/VEL (400/100mg) for
12 weeks as a once-daily oral administration. Another DAA,
elbasvir/grazoprevir, which was also enrolled in NRDL in
2020 was not selected for comparison mainly because it is
not pan-genotypic.

The primary clinical endpoint was the SVR rate at 24 weeks
(SVR-24) after a course of drug treatment. If SVR-24 was not
reported, SVR-12 was taken as a substitute because of the high
consistency between SVR-12 and SVR-24 (15, 21, 22). SVR refers
to undetectable HCV RNA in blood indicating that patients have
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TABLE 1 | Clinical profile of candidate strategies.

Point estimate Lower limit Higher limit Distribution Distribution parameter References

SVR rate (%)

PegIFN + RBV 57.88 49.48 67.29 beta 169 123 (23)

SOF/LDV 99.61 99.02 100 beta 996 4 (15, 21, 22, 24)

SOF/VEL 100 99.46 100 beta 998 2 (21, 25)

SAE rate (%)

PegIFN + RBV 8.7 2.37 22.26 beta 4 42 (25)

SOF/LDV 2.08 0.90 4.06 beta 8 376

SOF/VEL 0.80 0.17 2.32 beta 3 372

PegIFN, pegylated interferon; RBV, ribavirin; SAE, serious adverse event; SOF/LDV, sofosbuvir/ledipasvir; SOF/VEL, sofosbuvir/velpatasvir; SVR, sustained virologic response.

cleared the virus. Data of SVR were all extracted from clinical
trial or real-world studies on Chinese populations (Table 1). A
serious adverse event (SAE) refers to any unexpected clinical
event occurring during drug treatment that was reported as
a SAE in the original study. Failing to explicitly model SAEs
would underestimate the value of the DAA regimens as they are
associated with a lower SAE rate. SAE rates were inputted in the
model and extracted from the same studies of SVR to maintain
consistency between model parameters.

Given that higher SVR is the main advantage distinguishing
DAA regimens from IFN-based regimens, our model made
efforts to fully capture multiple effects associated with SVR,
including clinical and cost aspects. The clinical effect of SVR
was represented with fibrosis regression (F4–F3, F3–F2), and
reduced risk of HCC, DCC and liver-related death (LD) (26–
28) (Table 2). In addition, the cost of managing each stage of
fibrosis was reduced compared to patients without SVR (33).
However, once patients developed DCC, HCC or required a
LT, we assumed that the past SVR would not have an effect on
subsequent disease progression.

Study Population and Its Epidemic
Features
As HCV genotype 1 is the most prevalent infection in China (3),
the target population was identified as adult CHC patients with
HCV genotype 1 infection who were naïve to drug treatment.
The mean age was 45 years old as informed by the study
investigating current CHC patients under drug treatment (4, 44).
Pan-genotypic DAAs are normally recommended to a wide range
of patients.

Model Construction
Conceptualized on the life journey of a CHC patient (Figure 1),
a decision-analytic model was constructed to compare three
treatment strategies in terms of cost and effectiveness. As
data about productivity loss or out-of-pocket spending were
rarely reported in a Chinese setting, we adopted a payers’
perspective instead of a wider societal perspective focusing on
health outcomes experienced by the target population only and
the cost for medical services provided to them (45). Markov
models were specifically developed for each regimen. After a
complete course of drug treatment, a patient may or may not

achieve SVR, but the disease would continue to advance. The
initial pathological change is the fibrosis caused by chronic
HCV-induced inflammation. After years or decades of fibrosis,
cirrhosis occurs and further develops into end-stage liver diseases
like DCC, HCC or LT. Patients with end-stage liver disease are at
higher risk for all-cause mortality than the general population, in
addition to excessive mortality due to liver-related complications.
Markov models simulated the lifetime experience of the target
population since the drugs were administrated. Eleven Markov
states (health states) were defined, i.e., METAVIR fibrosis scores
F0 (CHC patients without fibrosis), F1 (portal fibrosis without
septa), F2 (portal fibrosis with few septa), F3 (numerous septa
without cirrhosis) and F4 (cirrhosis), DCC, HCC, LT, LD and all-
cause death. Patients who achieved SVR and those without SVR
shared the same clinical journey but experienced different risks
of downstream clinical outcomes. The Markov cycle length was
set as 1 year with half-cycle correction applied to adjust for the
overestimation of life expectancy. The model adopted a lifetime
horizon where 99% of the target population died of either LD or
other causes. The models were built using Treeage Pro Suite 2021
(TreeAge Pro 2021, R1. TreeAge Software, Williamstown, MA;
software available at http://www.treeage.com).

The Markov models made the following assumptions:

(1) Fibrosis progressed in a linear path from no fibrosis
to cirrhosis. The jumping among fibrosis stages was not
considered (46).

(2) The risk of HCC was considered negligible in pre-cirrhosis
stages of liver disease.

(3) Fibrosis would progress irrespective of past SVR status.
Patients who achieved SVR would experience slower progress
than those not achieving SVR (40).

(4) SVR represented the overall clinical efficacy of therapeutic
regimens. Virologic breakthrough, relapse or drug
discontinuation during treatment were not explicitly modeled.

(5) Long-term health outcomes were associated with SVR status
alone regardless of the drugs received during past treatment.

(6) Reinfection or retreatment was considered of minor
importance and was not modeled explicitly (47).

Data Collection and Synthesis
Data were retrieved mainly from literature. Meta-analytic
techniques, such as inverse variance weighting, were used to
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TABLE 2 | Inputted model parameters for costs, transition probability, utility, and comprehensive effect of sustained virologic response.

Input parameters Point estimate Lower limit Higher limit Distribution Distribution parametera References

Price of drugs ($)

SOF/LDV (400/90mg) 10.86 5.5 16.5 – – – (8, 29)

SOF/VEL (400/100mg) 22.04 11 33 – – –

PegIFN (50 ug) 0.24 0.04 1.95 – – –

RBV (100mg) 35.95 16.56 97.33 – – –

Direct medical cost of HCV treatment ($)

F0-3 1,971 593 7,565 Gamma 3,344 1,162 (16, 18, 19, 30, 31)

Cirrhosis 4,760 884 26,766 Gamma 6,182 4,314

HCC 28,936 4,618 97,943 Gamma 28,936 15,554

LT during 1st year 147,854 36,765 76,923 Gamma 147,854 64,591 (18, 31, 32)

LT 2nd year onwards 24,374 7,352 9,457 Gamma 24,374 10,560 (18, 33)

DCC 14,477 2,589 50,441 Gamma 14,477 7,975 (18, 19, 30)

Transition probability (%)

F0–F1 10.70 9.70 11.80 Beta 1,070 8,930 (34)

F1–F2 8.20 7.40 9.10 Beta 82 918

F2–F3 11.70 10.70 12.90 Beta 117 883

F3–Cirrhosis 11.60 10.40 13.10 Beta 116 884

Cirrhosis to DCC 4.28 3.80 5.30 Beta 43 957 (19, 30, 35)

Cirrhosis to HCC 1.90 1.70 2.10 Beta 19 981 (30, 36)

DCC to LT 3.76 0.03 10.40 Beta 3.76 96.24 (36)

DCC to death during 1st year

diagnosis

6.90 2.60 12.90 Beta 14.7 85.3

DCC to HCC 3.75 2.10 6.80 Beta 37.5 962.5

HCC to LT 2.12 0.05 4.00 Beta 21.2 978.8 (18, 37)

HCC to death 44.80 34.90 57.60 Beta 49.6 110.4

Death rate of year 1 post-LT 23.51 20.90 26.25 Beta 235.1 764.9 (37)

Death rate of year 2 post-LT 8.22 6.58 10.08 Beta 82.2 917.8

Death rate of year 3 post-LT 8.22 6.58 10.08 Beta 82.2 917.8

All-cause death Age-gender specific mortality of China life table of 2019 (38)

Utility

F0/F1 without SVR 0.878 0.751 0.985 Normal 0.878 0.039 (16, 18, 39)

F2/F3 without SVR 0.863 0.701 0.985 Normal 0.863 0.0473

Cirrhosis 0.792 0.67 0.907 Normal 0.792 0.0395

DCC 0.576 0.41 0.66 Normal 0.576 0.0417

HCC 0.685 0.532 0.821 Normal 0.685 0.0482

LT during 1st year 0.663 0.563 0.8 Normal 0.663 0.0395

LT from 2nd year onwards 0.773 0.636 0.85 Normal 0.773 0.0357

F0/F1 with SVR 0.928 0.806 1 Normal 0.928 0.0323

F2 with SVR 0.911 0.791 1 Normal 0.911 0.0348

F3 with SVR 0.893 0.766 1 Normal 0.893 0.0390

Cirrhosis with SVR 0.85 0.722 0.955 Normal 0.85 0.0388

Comprehensive effect of SVR

Cost reduction (RR) 0.709 0.592 0.855 log Normal −0.344 0.094 (33)

Fibrosis regression (%) 13.66 8.39 20.17 Beta 137 863 (40)

Reduced transition from cirrhosis to end stage liver disease (Hazard Ratio)

Cirrhosis to DCC 0.16 0.04 0.59 Log normal −1.833 0.687 (26–28, 41)

Cirrhosis to HCC 0.24 0.18 0.31 Log normal −1.561 0.134

Cirrhosis to death 0.23 0.1 0.52 Log normal −1.470 0.421

Other parameters

Discount rate (%) 3 0 5 (42)

WTP ($/QALY) 31,500 – (43)

aThe parameters of gamma and beta distributions are alpha and beta; The parameters of normal distributions are mean and standard error; The parameters of lognormal distributions

are logarithmic mean and standard error. DCC, decompensated cirrhosis; METAVIR fibrosis score; F0, CHC with no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with

few septa; F3, numerous septa without cirrhosis; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver transplant; pegIFN, pegylated interferon; RBV, ribavirin; SAE, serious

adverse event; SOF/LDV, sofosbuvir/ledipasvir; SOF/VEL, sofosbuvir/velpatasvir; SVR, sustained virologic response; QALY, quality adjusted life year; WTP, Willingness-to-pay.
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FIGURE 1 | Natural history of chronic hepatitis C virus infection. DCC,

decompensated cirrhosis; F0, CHC with no fibrosis; F1, portal fibrosis without

septa; F2, portal fibrosis with few septa; F3, numerous septa without cirrhosis;

F4, cirrhosis; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LD,

liver-related death; LT, liver transplant; SVR, sustained virologic response.

Dashed line represents the slow transition or regression due to SVR.

generate model parameters for which multiple estimates were
available. Data sources were judged in terms of relevance,
internal validity and transferability to the Chinese healthcare
setting. To improve the relevance of model outputs to the
Chinese healthcare setting, efforts were made to retrieve data on
Chinese populations.

Transitions Among Health States
Fibrosis progression was estimated from an up-to-date meta-
analysis of the natural history of CHC (34). For patients who
achieved SVR after pharmacologic treatment, fibrosis regression
was incorporated into their pathway as studies have reported
SVR-related regression from cirrhosis to fibrosis, and from F3
back to F2 (40). However, once patients developed DCC, HCC or
received a LT, we assumed that SVR would not be relevant to the
patient’s further prognosis. Data about disease progression after
cirrhosis were synthesized frommultiple studies (26–28, 41). The
probability of requiring a LT for patients with DCC or HCC was
extracted from the data of the China Liver Transplant Registry
(37) (Table 2).

Cost and Utility
In line with the payers’ perspective, only direct medical costs were
considered which included the cost for drug treatment, disease
monitoring, HCV testing, hospitalization, LT and consumption
of other healthcare services as part of CHC management.

Drug prices displayed on the official government procurement
website (8) were used because these prices were negotiated
between health authorities and pharmaceutical companies and
represented the acquisition costs of public medical institutions.
We took the average of province-specific prices to represent the
national level. Costs for health states were retrieved from studies
on Chinese patients. Costs reported in different years were
adjusted by the annual CPI to the 2020 constant US dollar ($).

Health utility was represented by the health-related quality of
life (QoL) scores in EQ-5D (Table 2). Data were extracted from
the literature and adjusted to reflect the utility of Chinese patients
in different health states (18, 39).

Model Analysis
Base-Case Analysis
Base-case analysis was conducted where the best estimates were
assumed for all parameters in the model. Cost was assigned for
each Markov state to reflect healthcare resource consumption in
managing the specific HCV stages. A QoL score was assigned
to reflect patients’ utility in that health state. As the Markov
models simulated the life experience of the cohort, the cost
and utility of Markov states accumulated over time. Total cost
and quality adjusted life years (QALYs) were computed for the
three strategies, SOF/LDV, SOF/VEL and pegIFN + RBV. The
comparative cost-effectiveness was gauged as the incremental
cost-utility ratio (ICUR). The cost difference between the three
regimens was divided by the inter-regimen difference in QALYs.
The ICUR represents the amount that a jurisdiction needs to
pay for one additional QALY gained. In the modeling, both
cost and utility have been discounted at an annual rate of 3%
to the constant dollar in 2020 (42). Following the WHO rule,
the willingness-to-pay (WTP) threshold was set as three per
capita GDPs, i.e., $31,500 in 2020, which is the benchmark for
cost-effectiveness informing the maximum amount a country is
willing to pay to generate one QALY. The regimen with an ICUR
<$31,500 relative to the last optimal regimen was considered
cost-effective. Net monetary benefit (NMB) was also calculated
for each strategy by deducting cost from the product of the
QALYs and WTP threshold. NMB represents the health benefit
created by each regimen at the givenWTP standard. The regimen
creating the most NMB was the most cost-effective strategy.

Sensitivity Analysis
One-way deterministic sensitivity analysis (DSA) was performed
on individual parameters to examine how their variations were
capable of changing the results from the base-case analysis. The
model used serial values within the range of each parameter
one at a time and produced a set of ICURs or NMB for
that parameter. The variation of ICURs or NMB represented
how influential a specific parameter was to the model output.
Although ranges of parameters were clinically plausible, some
values were mathematically extreme so as to produce unstable
and extreme ICURs. For instance, the utility of patients in F0/F1
and SVR of SOF/VEL and SOF/LDV regimens. These parameters
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FIGURE 2 | Impact of the 10 most influential parameters on cost-effectiveness of SOF/LDV and SOF/VEL vs. pegIFN + RBV. F2, portal fibrosis with few septa; F3,

numerous septa without cirrhosis; ICUR, incremental cost utility ratio; PegIFN, pegylated interferon; QALY, quality adjusted life years; RBV, ribavirin; SOF/LDV,

sofosbuvir/ledipasvir; SOF/VEL, sofosbuvir/velpatasvir; SVR, sustained virologic response.

FIGURE 3 | Impact of the 10 most influential parameters on cost-effectiveness of SOF/VEL vs. SOF/LDV. F2, portal fibrosis with few septa; F3, numerous septa

without cirrhosis; ICUR, incremental cost utility ratio; QALY, quality adjusted life years; SOF/LDV, sofosbuvir/ledipasvir; SOF/VEL, sofosbuvir/velpatasvir; SVR,

sustained virologic response.

were excluded from one-way DSA. DSA results were presented in
tornado diagrams (Figures 2, 3).

Sampling uncertainty of parameters would cause some
probability of incorrect model decision. This effect was evaluated
using probabilistic sensitivity analysis (PSA). PSA conducted
random sampling 10,000 times simultaneously on predefined
distributions of each parameter to capture the total random

uncertainty of model outcomes. At every sampling, cost
and QALYs were compared between the three regimens and
ICURs were calculated to identify the optimal regimen. With
10,000 comparisons, the probability of being cost-effective was
computed for each regimen not only at the chosen WTP
of $31,500/QALY, but also across a wide range of WTPs.
The results of PSA were presented in the cost-effectiveness
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TABLE 3 | Cost and effectiveness of the pegIFN+RBV, SOF/LDV, and SOF/VEL regimens in increasing order of effectiveness.

Regimens Cost ($) Incremental cost ($) Utility (QALY) Incremental utility (QALY) ICUR ($/QALY) NMB ($)

PegIFN/RBV 41,084 - 18.219 - Reference case 560,273

SOF/LDV 30,694 −10,390 18.761 0.542 Dominant 559,580

SOF/VEL 31,547 852 18.766 0.005 168,239 532,808

ICUR, incremental cost utility ratio; NMB, net monetary benefit; PegIFN, pegylated interferon; QALY, quality adjusted life years; RBV, ribavirin; SOF/LDV, sofosbuvir/ledipasvir; SOF/VEL,

sofosbuvir/velpatasvir; SVR, sustained virologic response.

FIGURE 4 | Cost- effectiveness acceptability curve (CEAC) presenting the probability of cost-effectiveness for pegIFN+RBV, SOF/LDV and SOF/VEL regimens. The

scale for primary and secondary Y axis is percentage. The curves of PegIFN and SOF/VEL follow the scale of the secondary Y Axis to improve visibility. PegIFN,

pegylated interferon; QALY, quality adjusted life years; RBV, ribavirin; SOF/LDV, sofosbuvir/ledipasvir; SOF/VEL, sofosbuvir/velpatasvir.

acceptability curve (CEAC) and incremental cost-effectiveness
(ICE) scatter plots.

RESULTS

Base-Case Analysis
As projected by our model (Table 3), pegIFN + RBV was
dominated by both SOF/LDV and SOF/VEL regimens by
creating more QALYs and incurring less cost. The SOF/LDV
regimen appeared to be the most economical strategy for our
target population. Compared to the reference case of pegIFN +

RBV, SOF/LDV produced 0.542 more QALYs but spent $10,390
less on average over the lifetime of a CHC patient with HCV

genotype 1. Although SOF/VEL created 0.005 more QALYs than
SOF/LDV, it incurred an additional cost of $852, resulting in
an ICUR of 168,239 $/QALY, which was higher than the WTP
threshold of 31,500 $/QALY.

Deterministic Sensitivity Analysis
Within clinically and economically plausible ranges of each
parameter, SOF/LDV maintained an economic advantage over
pegIFN + RBV and SOF/VEL by creating the most NMB
(Supplementary Table 1). In pairwise comparisons of SOF/VEL
vs. pegIFN + RBV and SOF/LDV vs. pegIFN + RBV, the 5 most
influential parameters were the same as shown in Figures 2, 3,
i.e. age starting drug treatment, price of pegIFN, the utility of
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FIGURE 5 | Incremental cost and effectiveness of SOF/LDV and SOF/VEL relative to pegIFN + RBV in Monte Carlo simulation (n = 10,000). PegIFN, pegylated

interferon; QALY, quality adjusted life years; RBV, ribavirin; SOF/LDV, sofosbuvir/ledipasvir; SOF/VEL, sofosbuvir/velpatasvir; WTP, willingness-to-pay.

patients with fibrosis score F2 or F3, the dose of IFN, the utility
of patients in F2 stage achieving SVR (Figure 2). Furthermore,
SOF/VEL and SOF/LDV retained their dominance over pegIFN
+ RBV regardless of parameter variations as indicated by
negative ICURs where pegIFN + RBV was associated with a
higher cost and fewer QALYs.

However, for the comparison between SOF/VEL and

SOF/LDV, the 5 most influential parameters were: the age
starting drug treatment, the price of SOF/VEL, the duration
of SOF/VEL treatment, the utility of patients in F2 or F3 stage
and price of SOF/LDV (Figure 3). A threshold was discovered
with the price of SOF/VEL. If the price of SOF/VEL decreased
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by 40%, then SOF/VEL would be the cost-effective alternative
rather than SOF/LDV.

Probabilistic Sensitivity Analysis
The PSA results supported the findings from the base-
case analysis. As demonstrated in the CEAC (Figure 4), the
acceptability curve representing SOF/LDV ran high above the
curves for SOF/VEL and pegIFN + RBV highlighting that
SOF/LDV dominated both pegIFN + RBV and SOF/VEL
after accounting for random uncertainty associated with all
parameters. At the null WTP, the probability of cost-effectiveness
for SOF/LDV was 99.98%, and dropped to 99.79% at the
threshold of 31,500 $/QALY.

Pairwise comparisons displayed as ICE plots (Figure 5)
showed that SOF/VEL and SOF/LDV obtained a similar
probability composition when both were compared to pegIFN
+ RBV. The 95% CI ellipses fell to the right of the WTP line
without any intersection, proving that SOF/LDV and SOF/VEL
were statistically significantly more cost-effective than pegIFN +

RBV at the current WTP standard. Relative to pegIFN + RBV,
the probabilities of being cost-saving for SOF/VEL and SOF/LDV
were both 96.48%. The difference between the two regimens
was the probability of being cost-ineffective which were 0.37
and 0.21% for SOF/VEL and SOF/LDV respectively. The head-
to-head comparison of SOF/VEL vs. SOF/LDV illustrated that
SOF/LDV was either more cost-effective (96.35%) or cost-saving
(3.5%). The economic advantage of SOF/LDV reached statistical
significance at the current WTP as shown by the 95% ellipses
(Figure 6).

DISCUSSION

With the inclusion of the SOF/VEL and SOF/LDV regimens in
the NRDL, the use of SOF-based regimens is likely to further
expand in clinical practice. To aid clinicians in their choice of
the optimal regimen, this study compared SOF/LDV, SOF/VEL
and pegIFN + RBV regimens for Chinese patients chronically
infected with HCV genotype 1 in terms of the lifetime cost-
effectiveness. Our models showed that SOF/LDV was the most
cost-effective regimen among the three candidate regimens.
Relative to pegIFN + RBV, SOF/LDV was cost-saving while it
was cost-effective compared to SOF/VEL. Although SOF/VEL
was not as cost-effective as SOF/LDV, it dominated the pegIFN+

RBV regimen by spending less and generatingmore QALYs. Both
DSA and PSA results have strengthened our primary findings.
In NMB-based DSA, SOF/LDV continued to be the strategy
generating the most net benefit despite the wide ICUR variations
caused by parameter uncertainties (Supplementary Table 1).
PSA revealed that SOF/LDV is most likely the cost-effective
or cost-saving strategy. Its economic advantage was statistically
significant relative to SOF/VEL and pegIFN+ RBV at the current
WTP standard.

It is a common belief that DAA regimens for CHC

management are clinically equivalent. In our study we found that
the SVRs of SOF/VEL and SOF/LDV were close enough to have
overlapping 95% CI and were almost indistinguishable (Table 1).
This ha1s presented a challenge to clinicians when choosing the

optimal regimen. Now there is health economic evidence to assist
in such clinical decision-making and further to improve resource
allocation in HCV care. Our study has advanced clinical insights
suggesting that SOF/LDV is preferred to SOF/VEL for the long-
term management of Chinese CHC patients with HCV genotype
1 infection in the current price structure.

Our finding that the SOF/LDV regimen incurred the least
lifetime cost is consistent with another study that performed
head-to-head comparisons of SOF/LDV vs. SOF/VEL using
the updated drug prices (57). However, for HCV genotype 1,
SOF/VEL rather than SOF/LDV was cost effective in this study
which was different from our study. The economic difference
of SOF/VEL between the two studies was most likely caused by
the different SVR rates. SVR rates of SOF/LDV and SOF/VEL in
our study were 99.61%, (CI: 99.02%, 1) and 100% (CI: 99.46%,
1) respectively. However, SVR rates of SOF/LDV and SOF/VEL
by Chen et al. were 94.9% (CI: 93.3, 96.4%) and 98.5% (CI: 97.1,
99.9%) respectively, where SOF/VEL was statistically better than
SOF/LDV in terms of clinical effect. Another possible reason for
the different conclusions can be attributed to the definition of
the target population. Our cohort was homogenous consisting
of treatment-naïve pre-fibrosis patients which was different from
the heterogenous cohort of treatment experience and fibrosis
stages modeled by Chen et al. (57).

SOF/LDV and SOF/VEL have been assessed economically in
various decision-making settings previously (15–17). Without
exception, price was a big obstacle to realize their value in
comparison with IFN-based regimens. The study by Chen et al.
proposed an 81% price cut for the 12-week SOF/LDV course
in mainland China. Our results confirmed this proposal by
finding that, with an 85% price cut through government-industry
negotiation, SOF/LDV met the cost-effectiveness standard.
Complimentary to another study where the SOF/LDV regimen
showed cost-effectiveness in treatment-experienced patients (15),
the present study suggested that SOF/LDV was also cost-effective
in treatment-naïve patients.

Prices of the three drugs were among the 5 most influential
factors in pairwise DSA analyses (Figures 2, 3). In the DSA
comparing SOF/VEL with SOF/LDV, the economic value of both
drugs was greatly affected by their prices. If the price of SOF/VEL
was reduced by 40%, which is highly likely under the current
Chinese policy and government commitment (48), SOF/VEL
would be the optimal strategy compared to SOF/LDV. The cost-
effective choice between SOF/VEL and SOF/LDV appears to be
based on price, which was also the case for other DAAs. Given
the excellent clinical profile of the DAA regimens, price-cutting
has become the major strategy to make gains in the market.
Presently there is a trend where DAA prices are driven down due
to competition from generic products, pressure from media and
patient groups, licensing agreements between pharmaceutical
companies and governments in low-middle income countries.
The large initial medical expenditure that was criticized in the
early DAA era does not appear to be an issue at present (49, 50).

Universal coverage is the key to the success of the WHO
global HCV elimination target (6) and the DAA price has been
a major obstacle (51). Partly as a response to the WHO target,
China implemented a policy called the New Cities Centralized
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FIGURE 6 | Incremental cost and effectiveness of SOF/VEL relative to SOF/LDV in Monte Carlo simulation (n = 10,000). QALY, quality adjusted life year; SOF/LDV,

sofosbuvir/ledipasvir; SOF/VEL, sofosbuvir/velpatasvir; WTP, willingness-to-pay.

Drug Procurement in 2018 where the price of brand drugs was
dramatically cut to improve drug affordability and accessibility
(10). Both SOF/VEL and SOF/LDV to date have had their
prices cut by 85%, and hence were qualified for reimbursement
(11). As a result, two SOF-based regimens were found cost-
saving compared to the traditional regimen in our study. In the
future more DAAs are expected to enter the NRDL and further
the volume-based procurement plan. Price-cutting coupled with
reimbursement would improve the universal coverage of DAA.
China has taken a step closer to the WHO target (6), although
it is not fully on track yet (52). Our findings indicate an
optimistic future.

Treatment duration of SOF/VEL, pegIFN, RBV and SOF/LDV
were important in determining the relative cost-effectiveness in
the DSA. Shortening the DAA duration will intuitively reduce
the upfront cost and likely add to the long-term economic value
of DAA. The course of several DAA regimens has already been
shortened from 24 weeks to 12 weeks (53). Shorter treatment
duration is also associated with high compliance and drug
persistence. However, whether shortening the treatment duration
improves cost-effectiveness is still at debate (54, 55). To date
clinical evidence is mixed with regard to SVR obtained through
a reduced treatment duration (56). This is a promising area for
future research.

Although SOF/VEL was not as cost-effective as SOF/LDV,
SOF/VEL like SOF/LDV was statistically dominant to pegIFN

+ RBV despite the nearly identical SVR rates between them.
This similar pattern, where the DAAs were economically superior
to pegIFN + RBV despite their differences, also emerged when
comparing other DAAs. Since most IFN-free regimens have
been found to be either cost-saving or cost-effective compared
to pegIFN + RBV (18, 19, 57, 58), IFN-based regimens may
soon need to be replaced by IFN-free regimens. In addition, the
price of pegIFN is relatively higher in itself. A comprehensive
assessment of the value of pegIFN is warranted. Recent studies
found that, when combined with DAAs, pegIFN could shorten
treatment duration with minimal or no impact on the SVR (59).
Combination regimens also achieved high SVR rates in difficult-
to-cure patients for whom pegIFN-free regimens were not as
effective. Therefore, the future use of pegIFN is to optimize or
personalize DAA regimens.

Age of starting drug treatment appeared as the most
influential factor in determining comparative cost-
effectiveness and net benefit of each regimen (Figures 2, 3,
Supplementary Table 1). The younger a patient started DAA
treatment, the more QALYs he/she would obtain from DAA
regimens compared to pegIFN + RBV. However, studies have
shown that the average age of receiving DAA treatment in
China is about 45 years (4, 44), which is much older than
the age suitable for DAA treatment (60). To date Chinese
studies have explored the use of DAA in adolescents (61).
Curing young CHC patients can not only improve overall
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wellbeing, but also prevent future transmission. The limits
to prescribe DAAs to specific patients should be relaxed or
lifted (12).

One advantage of our study was that we used more Chinese-
specific data to inform decision making in a Chinese setting
(16, 18, 19, 62). The up-to-date SVR data of SOF/VEL,
SOF/LDV and pegIFN + RBV were extracted from recent
studies on Chinese patients. The probabilities of receiving a
LT and LT-related death are specific to the local healthcare
system which determines the availability of donated livers
and the quality of usual care. Therefore, we used data
from the China Liver Transplant Registry (37). The biggest
difference in methodology distinguishing our study from
others is that we assumed post-SVR fibrosis progression.
Previous studies neglected post-SVR fibrosis progression unless
patients had already developed cirrhosis (16, 30, 62). This
may not be scientifically sound as fibrosis continued to
progress irrespective of SVR (40). Not incorporating post-SVR
progression from the model would risk overestimating the value
of DAAs.

Some limitations were noteworthy in our study. Subgroup
analysis was not conducted due to the lack of data. Thus,
our findings may lack power to inform decision-making for
some subpopulations. However, an extensive DSA of clinical
or epidemiological parameters partially illustrated the cost-
effectiveness of the three drugs for different subgroups. SVRs
were obtained from study samples heterogenous of fibrosis
stages and treatment experience, while our target population
was a homogenous cohort of treatment-naïve patients prior
to fibrosis development. Thus, inputted SVRs underestimated
the clinical efficacy of the three strategies, especially SOF/LDV
and SOF/VEL. The cost-effectiveness of DAA regimens has
been undervalued accordingly. We did not include combination
regimens of pegIFN with SOF/LDV or SOF/VEL when such
regimens were not uncommon in current clinical practice.
However, findings from our study can be safely extended to
combination regimens.

CONCLUSION

SOF/LDV appears to be the most cost-effective treatment for
CHC patients infected with HCV genotype 1 in China. This
finding provides economic evidence to assist clinicians in
choosing the best SOF-based regimen. SOF/LDV and SOF/VEL
at a micro-level have shown their economic dominance to the
traditional SoC, indicating that replacing pegIFN + RBV with
DAAs could be a promising national strategy to achieve theWHO
global HCV elimination goal. Although the price of DAAs is
no longer an issue, further price-cutting would be beneficial to
patients and society alike.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

HZ conceptualized, constructed and analyzed the model, and
drafted the manuscript. JC collected and complied literature
and data. HS carried out project management and methodology
development. NN conceptualized the model, provided clinical
insights, and interpreted the results. SS interpreted the results and
drafted the manuscript. PW designed the study and drafted the
manuscript. YF collected and assembled the data. SZ oversighted
the research activities and revised the draft critically. All authors
revised the manuscript critically and approved the manuscript
for publication.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2021.779215/full#supplementary-material

REFERENCES

1. Polaris Observatory HCVC. Global prevalence and genotype distribution

of hepatitis C virus infection in 2015: a modelling study. Lancet

Gastroenterol Hepatol. (2017) 2:161–76. doi: 10.1016/S2468-1253(16)3

0181-9

2. Ju W, Yang S, Feng S, Wang Q, Liu S, Xing H, et al. Hepatitis C virus

genotype and subtype distribution in Chinese chronic hepatitis C patients:

nationwide spread of HCV genotypes 3 and 6. Virol J. (2015) 12:109.

doi: 10.1186/s12985-015-0341-1

3. Zhang Y, Chen LM, He M. Hepatitis C Virus in mainland China with

an emphasis on genotype and subtype distribution. Virol J. (2017) 14:41.

doi: 10.1186/s12985-017-0710-z

4. Rao H, Wei L, Lopez-Talavera JC, Shang J, Chen H, Li J, et al. Distribution

and clinical correlates of viral and host genotypes in Chinese patients with

chronic hepatitis C virus infection. J Gastroenterol Hepatol. (2014) 29:545–53.

doi: 10.1111/jgh.12398

5. Wu J, Zhou Y, Fu X, Deng M, Zheng Y, Tian G, et al. The burden of chronic

hepatitis C in China From 2004 to 2050: an individual-based modeling study.

Hepatology. (2019) 69:1442–52. doi: 10.1002/hep.30476

6. Chen S, Mao W, Guo L, Zhang J, Tang S. Combating hepatitis B and C by

2030: achievements, gaps, and options for actions in China. BMJ Glob Health.

(2020) 5:e002306. doi: 10.1136/bmjgh-2020-002306

7. Gotte M, Feld JJ. Direct-acting antiviral agents for hepatitis C: structural

and mechanistic insights. Nat Rev Gastro Hepat. (2016) 13:338–51.

doi: 10.1038/nrgastro.2016.60

8. Yaozh. Price of Liste Drug 2020. (2020). Available online at: https://www.

yaozh.com/

9. China. NHCotPsRo. National essential drug list (2018). China Beijing.

(2018). Available online at: http://www.gov.cn/fuwu/2018-10/30/5335721/

files/e7473e46d9b24aadad3eb25127ffd986.pdf

10. Pengli Chen HL. Good News to Millions of Hep C Patients: A Cure is Covered

by Health Insurance with 85% Reduction in Price. Beijing: China Central

Television (2019).

11. Administration. NHS. National Reimbursement Drug List (2020): Ministry

of Human Resources and Social Security of the People’s Republic of China.

(2021). Available online at: http://www.nhsa.gov.cn/module/download/

downfile.jsp?classid=0&filename=72884652e6f24c30a2beba3bfae5a0df.pdf

12. Chinese Society of Hepatology and Chinese Society of Infectious

Diseases CMA. Guidelines for the Prevention and Treatment

Frontiers in Public Health | www.frontiersin.org 11 December 2021 | Volume 9 | Article 779215

https://www.frontiersin.org/articles/10.3389/fpubh.2021.779215/full#supplementary-material
https://doi.org/10.1016/S2468-1253(16)30181-9
https://doi.org/10.1186/s12985-015-0341-1
https://doi.org/10.1186/s12985-017-0710-z
https://doi.org/10.1111/jgh.12398
https://doi.org/10.1002/hep.30476
https://doi.org/10.1136/bmjgh-2020-002306
https://doi.org/10.1038/nrgastro.2016.60
https://www.yaozh.com/
https://www.yaozh.com/
http://www.gov.cn/fuwu/2018-10/30/5335721/files/e7473e46d9b24aadad3eb25127ffd986.pdf
http://www.gov.cn/fuwu/2018-10/30/5335721/files/e7473e46d9b24aadad3eb25127ffd986.pdf
http://www.nhsa.gov.cn/module/download/downfile.jsp?classid=0&filename=72884652e6f24c30a2beba3bfae5a0df.pdf
http://www.nhsa.gov.cn/module/download/downfile.jsp?classid=0&filename=72884652e6f24c30a2beba3bfae5a0df.pdf
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhou et al. Sofosbuvir-Based Regimens Are Cost-Effective

of Hepatitis C (2019 Version). J Clin Hepatol. (2019) 35:17.

doi: 10.3969/j.issn.1001-5256.2019.12.008

13. Han Q, Fan X, Wang X, Wang Y, Deng H, Zhang X, et al. High sustained

virologic response rates of sofosbuvir-based regimens in Chinese patients

with HCV genotype 3a infection in a real-world setting. Virol J. (2019) 16:74.

doi: 10.1186/s12985-019-1184-y

14. Tao YC, Deng R, Wang ML, Lv DD, Yuan M, Wang YH, et al.

Satisfactory virological response and fibrosis improvement of sofosbuvir-

based regimens for Chinese patients with hepatitis C virus genotype 3

infection: results of a real-world cohort study. Virol J. (2018) 15:150.

doi: 10.1186/s12985-018-1066-8

15. Ji D, Chen GF, Wang C, Wang YD, Shao Q, Li B, et al. Twelve-week

ribavirin-free direct-acting antivirals for treatment-experienced Chinese with

HCV genotype 1b infection including cirrhotic patients. Hepatol Int. (2016)

10:789–98. doi: 10.1007/s12072-016-9755-0

16. Chen GF, Wei L, Chen J, Duan ZP, Dou XG, Xie Q, et al. Will

Sofosbuvir/Ledipasvir (Harvoni) Be Cost-Effective and Affordable

for Chinese Patients Infected with Hepatitis C Virus? An Economic

Analysis Using Real-World Data. PLoS ONE. (2016) 11:e0155934.

doi: 10.1371/journal.pone.0155934

17. Yun HY, Zhao GQ, Sun XJ, Shi LZ. Cost-utility of sofosbuvir/velpatasvir vs.

other direct-acting antivirals for chronic hepatitis C genotype 1b infection

in China. BMJ Open. (2020) 10:e035224. doi: 10.1136/bmjopen-2019-0

35224

18. Liu Y, Wang Z, Tobe RG, Lin H, Wu B. Cost effectiveness of

daclatasvir plus asunaprevir therapy for chinese patients with chronic

hepatitis C virus genotype 1b. Clin Drug Investig. (2018) 38:427–37.

doi: 10.1007/s40261-018-0621-9

19. Chen H, Chen L. Estimating cost-effectiveness associated with all-oral

regimen for chronic hepatitis C in China. PLoS ONE. (2017) 12:e0175189.

doi: 10.1371/journal.pone.0175189

20. Liu Y, Zhang H, Zhang L, Zou X, Ling L. Economic evaluation of hepatitis C

treatment extension to acute infection and early-stage fibrosis among patients

who inject drugs in developing countries: a case of China. Int J Env Res Pub

He. (2020) 17:800. doi: 10.3390/ijerph17030800

21. Hu C, Yuan G, Liu J, Huang H, Ren Y, Li Y, et al. Sofosbuvir-

Based Therapies for Patients with Hepatitis C Virus Infection: Real-World

Experience in China. Can J Gastroenterol Hepatol. (2018) 2018:3908767.

doi: 10.1155/2018/3908767

22. Yang Y, Wu FP, Wang WJ, Shi JJ Li YP, Zhang X, et al. Real life efficacy

and safety of direct-acting antiviral therapy for treatment of patients infected

with hepatitis C virus genotypes 1, 2 and 3 in northwest China. World J

Gastroenterol. (2019) 25:6551–60. doi: 10.3748/wjg.v25.i44.6551

23. Li Y, Wang J, Wang J, Xiao Y, Xu B, Li H, et al. SVR Rates of HCV-infected

population under PEG-IFN-alpha/R treatment in Northwest China. Virol J.

(2017) 14:62. doi: 10.1186/s12985-017-0708-6

24. Efficacy and safety of ledipasvir/sofosbuvir fixed-dose combination in

participants with chronic genotype 1 HCV infection. (2019). Available online

at: https://clinicaltrials.gov/ct2/show/study/NCT02021656?cond=Hepatitis+

C&cntry=CN&draw=2

25. Wei L, Lim SG, Xie Q, Van KN, Piratvisuth T, Huang Y, 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)

4:127–34. doi: 10.1016/S2468-1253(18)30343-1

26. Morgan RL, Baack B, Smith BD, Yartel A, Pitasi M, Falck-Ytter Y. Eradication

of hepatitis C virus infection and the development of hepatocellular

carcinoma: a meta-analysis of observational studies. Ann Intern Med. (2013)

158:329–37. doi: 10.7326/0003-4819-158-5-201303050-00005

27. Backus LI, Belperio PS, Shahoumian TA, Mole LA. Impact of sustained

virologic response with direct-acting antiviral treatment on mortality

in patients with advanced liver disease. Hepatology. (2019) 69:487–97.

doi: 10.1002/hep.29408

28. El-Raziky M, Khairy M, Fouad A, Salama A, Elsharkawy A, Tantawy O.

Effect of direct-acting agents on fibrosis regression in chronic hepatitis C

virus patients’ treatment compared with interferon-containing regimens. J

Interferon Cytokine Res. (2018) 38:129–36. doi: 10.1089/jir.2017.0137

29. Jianke. Drugs for Hepatitis C Treatment China. (2020). Available online

at: https://search.jianke.com/prod?wd=%E7%B4%A2%E7%A3%B7%E5%B8

%83%E9%9F%A6%E7%BB%B4%E5%B8%95%E4%BB%96%E9%9F%A6%E7

%89%87(%E4%B8%99%E9%80%9A%E6%B2%99)(%E5%90%89%E4%B8

%89%E4%BB%A3)

30. Lu Y, Jin X, Duan CA, Chang F. Cost-effectiveness of daclatasvir plus

asunaprevir for chronic hepatitis C genotype 1b treatment-naive patients in

China. PLoS ONE. (2018) 13:e0195117. doi: 10.1371/journal.pone.0195117

31. ChenH, Chen J, Lu Z, YuH, Chen F. Establish pharmacoeconomics model for

treatment of chronic hepatitis C with Markov model. Chin J Health Statistics.

(2016) 33:5.

32. Hu M, Chen W. Assessment of total economic burden of chronic hepatitis

B (CHB)-related diseases in Beijing and Guangzhou, China. Value Health.

(2009) 12:S89–92. doi: 10.1111/j.1524-4733.2009.00636.x

33. Wu B, Li T, Chen H, Shen J. Cost-effectiveness of nucleoside analog therapy

for hepatitis B in China: a Markov analysis. Value Health. (2010) 13:592–600.

doi: 10.1111/j.1524-4733.2010.00733.x

34. Erman A, Krahn MD, Hansen T, Wong J, Bielecki JM, Feld JJ, et al.

Estimation of fibrosis progression rates for chronic hepatitis C: a

systematic review and meta-analysis update. BMJ Open. (2019) 9:e027491.

doi: 10.1136/bmjopen-2018-027491

35. Lee MH, Huang CF, Lai HC, Lin CY Dai CY, Liu CJ, et al. Clinical efficacy

and post-treatment seromarkers associated with the risk of hepatocellular

carcinoma among chronic hepatitis C patients. Sci Rep. (2017) 7:3718.

doi: 10.1038/s41598-017-02313-y

36. Najafzadeh M, Andersson K, Shrank WH, Krumme AA, Matlin OS,

Brennan T, et al. Cost-effectiveness of novel regimens for the treatment

of hepatitis C virus. Ann Intern Med. (2015) 162:407–19. doi: 10.7326/M

14-1152

37. Wang H, Jiang W, Zhou Z, Long J, Li W, Fan ST. Liver

transplantation in mainland China: the overview of CLTR 2011

annual scientific report. Hepatobiliary Surg Nutr. (2013) 2:188–97.

doi: 10.3978/j.issn.2304-3881.2013.08.09

38. Organization WH. Global Health Observatory data repository: Life tables

by country China [Website]. World Health Organization World Health

Organization. (2019). Available online at: https://apps.who.int/gho/data/?

theme=main&vid=60340

39. Buchanan-Hughes AM, Buti M, Hanman K, Langford B, Wright M,

Eddowes LA. Health state utility values measured using the EuroQol 5-

dimensions questionnaire in adults with chronic hepatitis C: a systematic

literature review and meta-analysis. Qual Life Res. (2019) 28:297–319.

doi: 10.1007/s11136-018-1992-3

40. Balmaceda JB, Aepfelbacher J, Belliveau O, Chaudhury CS, Chairez C,

McLaughlinM, et al. Long-term changes in hepatic fibrosis following hepatitis

C viral clearance in patients with and without HIV. Antivir Ther. (2019)

24:451–7. doi: 10.3851/IMP3327

41. Singal AG, Volk ML, Jensen D, Di Bisceglie AM, Schoenfeld PS. A sustained

viral response is associated with reduced liver-related morbidity and mortality

in patients with hepatitis C virus. Clin Gastroenterol Hepatol. (2010) 8:280–8.

doi: 10.1016/j.cgh.2009.11.018

42. Sanders GD, Neumann PJ, Basu A, Brock DW, Feeny D, Krahn M,

et al. Recommendations for Conduct, methodological practices, and

reporting of cost-effectiveness analyses: second panel on cost-effectiveness in

health and medicine. JAMA. (2016) 316:1093–103. doi: 10.1001/jama.2016.

12195

43. China National Bureau of Statistics. Report of Gross Demostic Product.

Beijing, China: China National Bureau of Statistics. (2020).

44. Rao HY Li H, Chen H, Shang J, Xie Q, Gao ZL, et al. Real-world treatment

patterns and clinical outcomes of HCV treatment-naive patients in China:

an interim analysis from the CCgenos study. J Gastroenterol Hepatol. (2017)

32:244–52. doi: 10.1111/jgh.13467

45. Roberts M, Russell LB, Paltiel AD, Chambers M, McEwan P, Krahn M, et al.

Pract (2012). “Conceptualizing a Model: A Report of the ISPOR-SMDM

Modeling Good Research Practices Task Force-2.” Medical Decision Making.

32: 678–89. doi: 10.1177/0272989X12454941

46. Lingala S, Ghany MG. Natural History of Hepatitis C. Gastroenterol

Clin North Am. (2015) 44:717–34. doi: 10.1016/j.gtc.2015.

07.003

47. Simmons B, Saleem J, Hill A, Riley RD, Cooke GS. Risk of late relapse

or reinfection with hepatitis c virus after achieving a sustained virological

Frontiers in Public Health | www.frontiersin.org 12 December 2021 | Volume 9 | Article 779215

https://doi.org/10.3969/j.issn.1001-5256.2019.12.008
https://doi.org/10.1186/s12985-019-1184-y
https://doi.org/10.1186/s12985-018-1066-8
https://doi.org/10.1007/s12072-016-9755-0
https://doi.org/10.1371/journal.pone.0155934
https://doi.org/10.1136/bmjopen-2019-035224
https://doi.org/10.1007/s40261-018-0621-9
https://doi.org/10.1371/journal.pone.0175189
https://doi.org/10.3390/ijerph17030800
https://doi.org/10.1155/2018/3908767
https://doi.org/10.3748/wjg.v25.i44.6551
https://doi.org/10.1186/s12985-017-0708-6
https://clinicaltrials.gov/ct2/show/study/NCT02021656?cond=Hepatitis+C&cntry=CN&draw=2
https://clinicaltrials.gov/ct2/show/study/NCT02021656?cond=Hepatitis+C&cntry=CN&draw=2
https://doi.org/10.1016/S2468-1253(18)30343-1
https://doi.org/10.7326/0003-4819-158-5-201303050-00005
https://doi.org/10.1002/hep.29408
https://doi.org/10.1089/jir.2017.0137
https://search.jianke.com/prod?wd=%E7%B4%A2%E7%A3%B7%E5%B8%83%E9%9F%A6%E7%BB%B4%E5%B8%95%E4%BB%96%E9%9F%A6%E7%89%87(%E4%B8%99%E9%80%9A%E6%B2%99)(%E5%90%89%E4%B8%89%E4%BB%A3)
https://search.jianke.com/prod?wd=%E7%B4%A2%E7%A3%B7%E5%B8%83%E9%9F%A6%E7%BB%B4%E5%B8%95%E4%BB%96%E9%9F%A6%E7%89%87(%E4%B8%99%E9%80%9A%E6%B2%99)(%E5%90%89%E4%B8%89%E4%BB%A3)
https://search.jianke.com/prod?wd=%E7%B4%A2%E7%A3%B7%E5%B8%83%E9%9F%A6%E7%BB%B4%E5%B8%95%E4%BB%96%E9%9F%A6%E7%89%87(%E4%B8%99%E9%80%9A%E6%B2%99)(%E5%90%89%E4%B8%89%E4%BB%A3)
https://search.jianke.com/prod?wd=%E7%B4%A2%E7%A3%B7%E5%B8%83%E9%9F%A6%E7%BB%B4%E5%B8%95%E4%BB%96%E9%9F%A6%E7%89%87(%E4%B8%99%E9%80%9A%E6%B2%99)(%E5%90%89%E4%B8%89%E4%BB%A3)
https://doi.org/10.1371/journal.pone.0195117
https://doi.org/10.1111/j.1524-4733.2009.00636.x
https://doi.org/10.1111/j.1524-4733.2010.00733.x
https://doi.org/10.1136/bmjopen-2018-027491
https://doi.org/10.1038/s41598-017-02313-y
https://doi.org/10.7326/M14-1152
https://doi.org/10.3978/j.issn.2304-3881.2013.08.09
https://apps.who.int/gho/data/?theme=main&vid=60340
https://apps.who.int/gho/data/?theme=main&vid=60340
https://doi.org/10.1007/s11136-018-1992-3
https://doi.org/10.3851/IMP3327
https://doi.org/10.1016/j.cgh.2009.11.018
https://doi.org/10.1001/jama.2016.12195
https://doi.org/10.1111/jgh.13467
https://doi.org/10.1177/0272989X12454941
https://doi.org/10.1016/j.gtc.2015.07.003
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhou et al. Sofosbuvir-Based Regimens Are Cost-Effective

response: a systematic review and meta-analysis. Clin Infect Dis. (2016)

62:683–94. doi: 10.1093/cid/civ948

48. China National Health Commission. National Viral Hepatitis Action Plan

(2017-2020). Beijing: China National Health Commission. (2016) p. 15.

49. Hill A, Cooke G. Medicine. Hepatitis C can be cured globally,

but at what cost? Science. (2014) 345:141–2. doi: 10.1126/science.12

57737

50. Callaway E. Hepatitis C drugs not reaching poor. Nature. (2014) 508:295–6.

doi: 10.1038/508295a

51. Chhatwal J, Kanwal F, Roberts MS, Dunn MA. Cost-effectiveness and budget

impact of hepatitis C virus treatment with sofosbuvir and ledipasvir in the

United States. Ann Intern Med. (2015) 162:397–406. doi: 10.7326/M14-1336

52. Burki T. Eliminating hepatitis C. Lancet Infect Dis. (2019) 19:246–7.

doi: 10.1016/S1473-3099(19)30073-8

53. Moreno C, Deltenre P, Pawlotsky JM, Henrion J, Adler M, Mathurin P.

Shortened treatment duration in treatment-naive genotype 1 HCV patients

with rapid virological response: a meta-analysis. J Hepatol. (2010) 52:25–31.

doi: 10.1016/j.jhep.2009.10.003

54. Kottilil S. Shortening treatment for hepatitis C virus infection. Gastroenterol

Hepatol (N Y). (2018) 14:186–8.

55. Younossi ZM. The price of shortening anti-hepatitis C virus therapy:

Is this truly cost saving? Clin Liver Dis (Hoboken). (2015) 6:126–8.

doi: 10.1002/cld.514

56. Emmanuel B, Wilson EM, O’Brien TR, Kottilil S, Lau G. Shortening the

duration of therapy for chronic hepatitis C infection. Lancet Gastroenterol

Hepatol. (2017) 2:832–6. doi: 10.1016/S2468-1253(17)30053-5

57. 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) 19:371–387. doi: 10.1007/s40258-020-00623-3

58. Chen P, Ma A, Liu Q. Cost-Effectiveness of elbasvir/grazoprevir vs.

daclatasvir plus asunaprevir in patients with chronic hepatitis C virus

genotype 1b infection in China. Clin Drug Investig. (2018) 38:1031–9.

doi: 10.1007/s40261-018-0702-9

59. Raja R, Baral S, Dixit NM. Interferon at the cellular, individual, and population

level in hepatitis C virus infection: Its role in the interferon-free treatment era.

Immunol Rev. (2018) 285:55–71. doi: 10.1111/imr.12689

60. Mack CL, Gonzalez-Peralta RP, Gupta N, Leung D, Narkewicz MR, Roberts

EA, et al. NASPGHAN Practice Guidelines: Diagnosis and Management of

Hepatitis C Infection in Infants, Children, and Adolescents. J Pediatr Gastr

Nutr. (2012) 54:838–55. doi: 10.1097/MPG.0b013e318258328d

61. Zhou H, Lu Y, Wu B, Che D. Cost-effectiveness of Oral Regimens for

Adolescents With Chronic Hepatitis C Virus Infection. Pediatr Infect Dis J.

(2020) 39:e59–65. doi: 10.1097/INF.0000000000002717

62. Chen PY, Liu Q, Li HC, Ma AX. The cost-effectiveness analysis of

elbasvir/grazoprevir vs. peginterferon αlpha-2A in combination with ribavirin

in patients with chronic hepatitis C genotype 1b infection in China. Value in

Health. (2018) 21:1031–9. doi: 10.1016/j.jval.2018.07.486

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Zhou, Cao, Shi, Naidoo, Semba, Wang, Fan and Zhu. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Public Health | www.frontiersin.org 13 December 2021 | Volume 9 | Article 779215

https://doi.org/10.1093/cid/civ948
https://doi.org/10.1126/science.1257737
https://doi.org/10.1038/508295a
https://doi.org/10.7326/M14-1336
https://doi.org/10.1016/S1473-3099(19)30073-8
https://doi.org/10.1016/j.jhep.2009.10.003
https://doi.org/10.1002/cld.514
https://doi.org/10.1016/S2468-1253(17)30053-5
https://doi.org/10.1007/s40258-020-00623-3
https://doi.org/10.1007/s40261-018-0702-9
https://doi.org/10.1111/imr.12689
https://doi.org/10.1097/MPG.0b013e318258328d
https://doi.org/10.1097/INF.0000000000002717
https://doi.org/10.1016/j.jval.2018.07.486
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Cost-Effectiveness Analysis of Pan-Genotypic Sofosbuvir-Based Regimens for Treatment of Chronic Hepatitis C Genotype 1 Infection in China
	Introduction
	Materials and Methods
	Candidate Strategies and Primary Clinical Outcome
	Study Population and Its Epidemic Features
	Model Construction
	Data Collection and Synthesis
	Transitions Among Health States
	Cost and Utility

	Model Analysis
	Base-Case Analysis
	Sensitivity Analysis


	Results
	Base-Case Analysis
	Deterministic Sensitivity Analysis
	Probabilistic Sensitivity Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References


