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Abstract
Background Hepatitis B cirrhosis brings a heavy burden to the health care system all over the world, and
traditional Chinese medicine had a good effect in the treatment of hepatitis B cirrhosis. To correctly
understand the clinical effect of Chinese medicine combined with antiviral drugs in the treatment of
hepatitis B cirrhosis, the long-term therapeutic effect of traditional Chinese medicine combined with
antiviral drugs in the treatment of hepatitis B cirrhosis was simulated using Markov model analysis.
Methods We used four-state Markov modelling with a probabilistic cohort analysis to calculate the cost
per quality-adjusted life year (QALY) gained. A one-year cycle length was applied. The best available
evidence provided the model with data on the state of hepatitis B cirrhosis, risk of mortality, utility weight,
and probability of transition between disease costs. A 3% discount rate was used for costs and QALYs.
Cost-effectiveness acceptability curves were presented to assist decision makers.
Results The model indicated that the combination of traditional Chinese medicine and antiviral therapy
was cost-effective, and the result showed that there was some uncertainty. In the treatment of hepatitis B
cirrhosis simulated by Markov model for 20 years, the combination of traditional Chinese medicine and
anti-virus drugs increased 1.48 QALYs per patient compared with the use of antiviral drugs alone, and the
total cost saved was 45,551.61 yuan. The total cost saving was mainly due to the reduction of number of
hospitalizations caused by serious complications.
Conclusion The combination of traditional Chinese medicine and antiviral in the treatment of hepatitis B
cirrhosis could save the cost of hospitalization and improve the health output, which was a better
outcome evaluated by pharmacoeconomics.

Background
According to statistics published by the World Health Organization (WHO), there were about 257 million
patients infected with chronic hepatitis B virus (HBV) in the world, and 68% of them were in Africa and the
Western Paci c, were China contributed a signi cant proportion in the total number [1]. In 2018, the
incidence rate of viral hepatitis in China was 92.15/100,000, with a mortality rate of 0.04/100,000.
Among patients with cirrhosis and hepatocellular carcinoma in China, 77% and 84% were caused by HBV
respectively [4]. In the diagnosis of liver cirrhosis, cirrhosis was often divided into compensatory period
and decompensated period according to the occurrence of severe complications such as ascites,
esophagogastric varices bleeding, and hepatic encephalopathy. Hepatitis B cirrhosis and related diseases
could impose a heavy economic burden on individuals and families.
The main treatment of hepatitis B cirrhosis was antiviral drugs, combined with the actual situation of
patients and liver protection drugs. As nucleoside analog, Entecavir could effectively inhibit the
replication of hepatitis B virus and delay the deterioration of the disease. It was one of the rst choice of
hepatitis B antiviral drugs recommended by the Guidelines for the Prevention and Treatment of Chronic
Hepatitis B (2019 edition) [4]. With the continuous exploration of the value of traditional Chinese
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medicine in clinical medicine, more traditional Chinese medicine such as Ganshuang Granules and
Compound Biejia Ruangan Tablets were used in the clinical treatment of hepatitis B cirrhosis and had
good therapeutic effects. In this study, a Markov model was established to simulate the long-term
treatment impact of traditional Chinese medicine combined with antiviral drugs versus antiviral drugs
alone in the treatment of hepatitis B cirrhosis, and evaluate the cost-effectiveness of such treatments.

Materials And Methods

Analysis Method
Studies showed that the median survival time of hepatitis B cirrhosis was 10 ~ 12 years [16], and some
patients died about 25 months after treatment [26]. Therefore, this study assumed that the average
survival time of patients with hepatitis B cirrhosis was 11 years, and the minimum survival time was
2 years. According to the formula: maximum value ≈ average value * 2 - minimum value, the maximum
survival period of patients with hepatitis B cirrhosis was estimated to be 20 years, Therefore, the
simulation period of Markov model in this paper was set as 20 years. In this study, a Markov model with
1-year simulation cycle was constructed to simulate the health status of patients with hepatitis B
cirrhosis treated with traditional Chinese medicine combined with antiviral drugs and antiviral drugs
alone for 20 years, and a cost-utility analysis was conducted. The cost and health output were discounted
at a discount rate of 3% based on the price level in 2018. The stability of the model was evaluated by
univariate sensitivity analysis and probabilistic sensitivity analysis.

Data Sources
The model parameters mainly included the probability of clinical disease outcomes, direct medical costs,
direct non-medical costs and health utility values, etc. The data were retrieved from relevant research
literatures of hepatitis B, and drug price was retrieved from the website China 315 drug prices.

Model Analysis
Basic Assumptions of Markov Model
(1) The clinical treatment of cirrhosis mainly depended on the symptomatic treatment and the
improvement of liver function, and there were few curative treatment to reverse the course [21]. Therefore,
the state of compensatory cirrhosis was set as the initial disease state of the Markov model in this study.
(2) The probability of cirrhosis re-compensation was small, and there was no accurate de nition and
uni ed diagnostic criteria for re-compensation cirrhosis [4]. The development of diseases from recompensated of cirrhosis to compensated was not considered. and once liver cancer occured, it was
irreversible. Therefore, this study assumed that the probability of liver cancer to compensate cirrhosis and
re-compensated cirrhosis were 0.
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(3) The incidence rate of chronic diseases after liver transplantation such as metabolic diseases, chronic
kidney disease and cardiovascular diseases was high, and the incidence of chronic diseases after liver
was increasing year by year [22], the burden of disease after liver transplantation was higher. At present,
there were not many cases of liver transplantation in China. Therefore, the disease status of liver
transplantation was not considered.
(4) As shown in Table 1, since there was no large-scale cohort study data on the combination of
traditional Chinese medicine and antiviral drugs in the treatment of hepatitis B cirrhosis, the relative risk
(RR) and mean difference (MD) in the meta-analysis result of the systematic evaluation of Chinese
medicine for the treatment of chronic hepatitis B virus carriers, liver brosis and cirrhosis by Feng Shuo
[11] were used to determine the treatment parameters of Chinese medicine combined with antiviral drugs.
The research suggested that: Taking all-cause mortality as the evaluation index, Chinese medicine
combined with antiviral drugs was better than antiviral drugs alone, and its RR = 0.53; Based on the
incidence rate of liver cancer, there was no signi cant difference between the combination of traditional
Chinese medicine and antiviral drugs and the use of antiviral drugs alone; Taking the quality of life as
an evaluation index, Chinese medicine combined with antiviral drugs was better than antiviral drugs
alone, which could improve the score of quality of life and has signi cant difference, its MD = 10.11;
According to the evaluation index of complication rate, the combination of traditional Chinese medicine
and antiviral drugs was superior to the comprehensive treatment of Western medicine, and its RR = 0.56.
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Table 1
Parameters and data sources of the in uence of traditional Chinese medicine combined with antiviral
drugs in the Markov model
In uencing
parameters
of Chinese
medicine
combined
with antiviral
drugs

Model
parameters

Sample size

Value

Range

Distributed

Complication
rate [11]

rr_dc

169

0.56

(0.35,0.91)

Log-normal

All-cause
mortality [11]

rr_die

238

0.53

(0.16,0.99)

Log-normal

Quality of life

rr_u

234

0.1011

(0.0681,0.134
1)

Normal

Hospitalizatio
n [11]

rr_t

169

0.56

(0.5,1)

Triangular

[11]

Note: rr_dc: Compared with using antiviral drugs alone, in uence coe cient of probability of Chinese
medicine combined with antiviral drugs on the transition from compensated cirrhosis to
decompensated cirrhosis; rr_die: Compared with using antiviral drugs alone, the probabilistic in uence
coe cient of combined antiviral drugs with traditional Chinese medicine on the outcome of
compensated cirrhosis and decompensated cirrhosis to death; rr_u: The proportion of life quality
improvement of patients with compensated cirrhosis and decompensated cirrhosis treated with
Chinese medicine combined with antiviral drugs compared with those treated with antiviral drugs
alone; rr_t: Compared with using antiviral drugs alone, the in uence coe cient of combination of
traditional Chinese medicine and antiviral drugs on hospitalization times of patients, when rr_t = 1, it
meant that the number of hospitalizations for Chinese medicine combined with antiviral drugs and
antiviral drugs alone was the same.

Model Parameter Setting
(1) Probability of state transition: As shown in Table 2, the probability of transition between various
disease states of hepatitis B cirrhosis was adopted by Giovanna Fattovich et al. [6], and Xu Biao et al. [7].
The research used a retrospective cohort study to research the outcome and development of chronic
hepatitis B disease.
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Table 2
Probability parameters and data sources of disease state transition in Markov model
Transfer probability (years)
Initial state

Value

Range

Distributed

DC[6],[14]

0.07

(0.03,0.1)

Beta

HCC[6]

0.034

(0.01,0.13)

Beta

Die[7]

0.0074

HCC[6],[17],[18]

0.034

(0.01,0.1)

Beta

Die[15],[17]

0.144

(0.058,0.30)

Beta

Die[15],[17]

0.4

(0.32,0.56)

Beta

Final state

CC

Beta

DC

HCC

Note: CC: decompensated cirrhosis period; DC: decompensated cirrhosis period; HCC: liver cancer; Die:
death.
(2) Health output: As shown in Table 3, the health output index QALYs used Wong [8] to obtain the utility
value of each state of hepatitis B cirrhosis according to the standard game method and time trade-off
method. The utility value obtained by Wong et al. [8] was consistent with the utility value of each disease
state of hepatitis B cirrhosis con rmed by Chen Dong et al. [9], David L and Veenstra et al. [10] in two
rounds of expert consultation in China.
Table 3
Health utility parameters and data sources in Markov model
Health utility value

Value

Distributed

CC [8–10]

0.57

Beta

DC [8–10]

0.26

Beta

HCC [8–10]

0.31

Beta

Die [8–10]

0

(3) As shown in Table 4, the costs of the cirrhotic compensatory period and decompensated period of
cirrhosis mainly included the direct medical cost of the patient, including outpatient fees, hospitalization
fees, and medicine fees; direct non-medical costs included travel expenses, care worker fees, nutrition
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fees, etc. Liver cancer status costs mainly included direct hospitalization costs including medical
expenses, nutritional expenses, travel expenses, nursing workers, etc. Outpatient clinic direct expenses
included medical expenses, nutritional expenses, and travel expenses.
Table 4
Cost parameters and data sources in Markov model
Project
Cost / year
(yuan)

Hospitalization
expenses / time

Number of
hospitalizations
/ year

Value

SD

Distributed

Average annual
cost of
traditional
Chinese medicine

5775.1

2669.71

Gamma

Average annual
cost of antiviral
drugs

2234.4

1586.22

Gamma

Average annual
cost of liver
cancer [3]

62453.71

58642.54

Gamma

Compensated
cirrhosis [3]

20734.87

15969.03

Gamma

Decompensated
cirrhosis [3]

25328.69

20249.7

Gamma

Compensated
cirrhosis [3],[12–13]

1.53

0.267

Normal

Decompensated
cirrhosis [3],[12–13]

1.81

0.317

Normal

Note: annual direct hospitalization cost = single hospitalization cost x number of hospitalizations; The
annual direct hospitalization cost of traditional Chinese medicine combined with antiviral drugs =
single hospitalization cost x number of hospitalizations x hospitalization impact coe cient; Total
cost = annual direct hospitalization cost + drug expense. The drug expense data was derived from
website the China 315 drug price, and the cost was discounted to the 2018 price level according to the
standards of the "Chinese Pharmaceutical Economics Evaluation Guide".

Model Construction and Operation
The Markov model of the transition of various disease states of hepatitis B cirrhosis was shown in Fig. 1.
The parameters were brought into Markov model and simulated by TreeAge software to calculate the
health output and economic cost of Chinese medicine combined with antiviral drugs and antiviral drugs
alone in the treatment of hepatitis B cirrhosis 20 years. Markov model simulation operation process was
shown in Fig. 2.

Results
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Health Output Analysis
In the Markov model simulation of 20-years treatment, the probability distribution of each disease state in
each cycle of hepatitis B cirrhosis treated by traditional Chinese medicine combined with antiviral drugs
and antiviral drugs alone was shown in Fig. 3 and 4.
Fig. 3 The probability distribution of each state in each cycle of NAs group in the Markov model
Fig. 4 Probability distribution of each state in each cycle of NAs + TCM group in Markov model

Note: NAs: treatment with antiviral drugs alone; NAs + TCM: combination of traditional Chinese medicine
and antiviral drugs.

As shown in Fig. 5, the probability curve of compensated cirrhosis of Chinese medicine combined with
antiviral drugs in the treatment of hepatitis B cirrhosis was higher than that of antiviral drugs alone,
indicating that Chinese medicine combined with antiviral drugs could prolong the disease progression of
patients with compensated cirrhosis. The quality of life of patients with compensated cirrhosis was
signi cantly higher than that of patients with decompensated cirrhosis and liver cancer.
Fig. 5 Probability distribution of compensated cirrhosis of the two treatment options in each cycle
As shown in Fig. 6, the probability curves of traditional Chinese medicine combined with antiviral drugs in
the treatment of hepatitis B cirrhosis decompensated cirrhosis and antiviral drugs alone increased rst
and then decreased. The rate of increase and decrease of the probability curve of antiviral drugs alone
was higher than that of traditional Chinese medicine combined with antiviral drugs. The antiviral drugs
used alone reached the highest value of 19.32% in the sixth cycle, and the combined antiviral drugs of
traditional Chinese medicine reached the highest value of 16.22% in the tenth cycle. In the rst 11 cycles,
the probability of using antiviral drugs alone in decompensated liver cirrhosis was higher than that of
traditional Chinese medicine combined with antiviral drugs. The use of antiviral drugs alone after 11
cycles had a higher probability of decompensated liver cirrhosis than antiviral drugs alone.
Fig. 6 Probability distribution of decompensated cirrhosis of the two treatment options in each cycle
As shown in Fig. 7, the probability curve of liver cancer treated with traditional Chinese medicine
combined with antiviral drugs for hepatitis B cirrhosis was slightly higher than that of antiviral drugs
alone.
Fig. 7 Probability distribution of liver cancer status of two treatment options in each cycle
As shown in Fig. 8, the mortality probability curve of traditional Chinese medicine combined with antiviral
drugs for hepatitis B cirrhosis was lower than that of antiviral drugs alone. The cumulative mortality rate
after 20 years of treatment with antiviral drugs alone was 82.28%, and the cumulative mortality rate of
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traditional Chinese medicine combined with antiviral drugs was 67.18%. It suggested that the treatment
of hepatitis B cirrhosis with Chinese medicine combined with antiviral drugs could reduce the mortality of
hepatitis B cirrhosis and prolong the life cycle of patients.
Fig. 8 Probability distribution of death status of two treatment options in each cycle

Cost Analysis
The Markov model analysis result showed that the cumulative cost of the treatment plan of Chinese
medicine combined with antiviral drugs was 337739.08 yuan, and the cumulative cost of the treatment
plan of antiviral drugs alone was 383290.69 yuan. The total cost of traditional Chinese medicine
combined with antiviral drugs for the treatment of hepatitis B cirrhosis was lower, and the total cost
savings were 45551.61 yuan. The total cost savings were mainly due to the reduction in the number of
hospitalizations caused by serious complications treated with traditional Chinese medicine combined
with antivirals.

Cost-Utility Analysis
As shown in Table 5, the result of the model analysis showed that the cost of traditional Chinese
medicine combined with antiviral treatment was 337739.08 yuan, and 6.22 QALYs has been obtained,
with a cost-utility ratio of 54331.18 yuan / QALY. The cost of using antiviral drugs alone was 383290.69
yuan, and 4.74 QALYs were obtained, with a cost- utility ratio of 80844.37 yuan / QALY. The use of
antiviral drugs alone was more costly and had a lower utility value than treated by traditional Chinese
medicine combined with antiviral drugs.
Table 5 Cost-effectiveness analysis of traditional Chinese medicine combined with antiviral drugs and
antiviral treatment alone for hepatitis B cirrhosis
Treatment

U(QALYs)

C

U/C

△C

△U

△C/△U
(ICUR)

TCM+NAs

6.22

337739.08

54331.18

——

——

——

NAs

4.27

383290.69

80844.37

45551.61

-1.48

-30878.06

Sensitivity Analysis
Univariate sensitivity analysis and probabilistic sensitivity analysis were used to test the stability of the
result. In univariate sensitivity analysis, the parameters of cost, utility value, transition probability and
other parameters in the model were adjusted by 10%. Adjusted the parameter (rr_t) of the in uence of the
traditional Chinese medicine combined with antiviral treatment on the number of hospitalizations from
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0.5 to 1. Adjusted the discount rate (rate) from 0% to 10%. Analyze the in uence of each parameter on the
result and present it in the form of a cyclone chart. Probability sensitivity analysis adopted Monte Carlo
sampling method to simulate 1000 random samples, and used cost-utility scatter plot to show the result.

Single Factor Sensitivity Analysis
The result of the cyclone graph showed that the model parameters that have a greater impact on the
result were factors such as the effect of Chinese medicine combined with antiviral treatment on the
number of hospitalizations (rr_t), discount rate (rate), and the number of compensatory cirrhosis
hospitalizations (t_cc). The effect of Chinese medicine combined with antiviral treatment on the number
of hospitalizations (rr_t) had the greatest impact on the result (see Fig. 9). Univariate sensitivity analysis
showed that, except for the effect parameter (rr_t) of Chinese medicine combined with antiviral therapy
on the number of hospitalizations, the changes of other factors did not change the model result.
Fig. 9 Cyclone diagram of single factor sensitivity analysis

Analysis of the impact of Chinese medicine combined with antiviral
treatment on the number of hospitalizations
Research showed that the direct cost of hospitalization accounted for 86.5% of the annual direct cost of
hepatitis B cirrhosis [3]. Complications of hepatitis B cirrhosis were the leading cause of hospitalization
for patients with cirrhosis [19]. Therefore, the parameter (rr_t) of the number of hospitalizations was
selected to conduct a univariate sensitivity analysis on the result of Chinese medicine combined with
antiviral drugs in the treatment of hepatitis B cirrhosis, and the result were shown as follows:
When the impact of the number of hospitalizations (rr_t) varied between 0.5 and 0.625, the cost of using
antiviral treatment alone was 383290.69 yuan, and 4.74 QALYs were obtained. The cost of using Chinese
medicine combined with antiviral drugs varied between 315959.34 ~ 361333.80 yuan, and 6.22 QALYs
were obtained. The use of antiviral drugs alone was more costly and had a lower utility value than using
traditional Chinese medicine combined with antiviral drugs. When the impact of the number of
hospitalizations (rr_t) changed between 0.75~1, the cost of using antiviral drugs alone was 383290.69
yuan, and 4.74 QALYs were obtained; The cost of using Chinese medicine combined with antiviral
treatment varied between 406708.25 ~ 497457.16 yuan, and 6.22 QALYs were obtained; the combination
of Chinese medicine and antiviral drugs had the advantage of healthy output. The incremental cost of
Chinese medicine combined with antiviral drugs varied from 23417.55 to 114166.46 yuan, the
incremental utility was 1.48 QALYs, and the incremental cost-effectiveness ratio varied from 15874.05 to
77389.98 yuan / QALY.
As shown in Table 6, when the impact of the number of hospitalizations was adjusted to the maximum
value (rr_t = 1), that was, the annual hospitalization times of traditional Chinese medicine combined with
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antiviral drugs were the same as those of antiviral drugs alone, the cost of using antiviral drugs alone
was 383290.69 yuan, and 4.74 QALYs were obtained; The cost of using Chinese medicine combined with
antiviral drugs was 497457.16 yuan, and 6.22 QALYs were obtained. The combination of Chinese
medicine and antiviral drugs had the advantage of healthy output. The incremental cost of Chinese
medicine combined with antiviral treatment were 114166.46 yuan, the incremental utility was 1.48 QALYs,
and the incremental cost- utility ratio was 77389.98 yuan / QALY.
According to the recommendations of the World Health Organization Macroeconomics and Health
Committee (2011) [5]: when ICUR <1 times GDP per capita meant that the treatment plan was completely
worthwhile; when ICUR <3 times GDP per capita meant that the treatment plan was acceptable; when
ICUR> 3 times GDP per capita meant that the treatment plan was not worth investing. In 2018, China ’s
per capita GDP was 64644.0 yuan [20]. Sensitivity analysis result showed that when the parameter of the
number of hospitalizations was taken the maximum value 1 (rr_t = 1), the incremental cost-utility ratio of
traditional Chinese medicine combined with antiviral treatment was 77389.98 yuan / QALY, 1 times GDP
per capita <ICUR <3 times GDP per capita. Therefore, the cost-effectiveness of traditional Chinese
medicine combined with antiviral treatment was still acceptable.
Table 6 When the annual hospitalization time of traditional Chinese medicine combined with antiviral
drugs is the same as that of antiviral drugs alone (rr_t = 1)
Treatment

C

U(QALYs)

△C

△U

△C/
△U ICUR

NAs

383290.69

4.74

——

——

——

TCM+NAs

497457.16

6.22

114166.46

1.48

77389.98

Probability Sensitivity Analysis
As shown in Fig. 10, the Monte Carlo sampling method was used to simulate 1000 random sampling
times, and the cost-utility scatter plot of 1000 simulation times was obtained.
Fig. 10 Monte Carlo 1000-time scatter plot

As shown in Fig. 11, when the willingness-to-pay value was 8227.42 yuan, the most cost-effective
probability of Chinese medicine combined with antiviral drugs and antiviral drugs alone for hepatitis B
cirrhosis was 50%; with the increase of willingness-to-pay value, the probability of cost-effectiveness of
traditional Chinese medicine combined with antiviral therapy gradually increased, and the probability of
cost-effectiveness of antiviral therapy alone decreased gradually; When the willingness-to-pay value was
double GDP per capita (64644.0 yuan), the probability of cost-effectiveness of Chinese medicine
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combined with antiviral therapy was 88.3%, and the probability of cost-effectiveness of antiviral therapy
alone was 11.7%.
Fig. 11 Willingness-to-pay curve

As shown in Fig. 12, the Monte Carlo sampling method was used to simulate 1000 random sampling
times, and 1000 incremental cost-utility scatter points were obtained, of which 94.2% were distributed in
quadrant I and quadrant IV. It showed that 94.2% probability that the incremental effect of using Chinese
medicine combined with antiviral drugs was greater than 0; 86.7% was lower than 1 times GDP per
capita. It showed that 86.7% of the simulation result were more cost-effective for the combination of
traditional Chinese medicine and antiviral drugs.
Fig. 12 Incremental cost-utility scatter plot

Discussion
As traditional characteristic therapy in China, traditional Chinese medicine treatment could achieve the
purpose of disease treatment by improving the patients' physique and enhancing the resistance to
disease. It had a unique effect in chronic hepatitis B and other complex diseases [24]. At present, most of
the treatment schemes of the combination of traditional Chinese and Western medicine were to make up
for the shortcomings of the combination of drugs or to improve its e cacy. It was still necessary to
improve and optimize the e cacy evaluation of large samples, strengthened the cooperative research
with foreign well-known laboratories, and published high-quality academic papers.
At present, the incidence of hepatitis B in China was increasing year by year, and the age of onset was
becoming younger, so effective preventive measures were particularly important [25]. Hepatitis B vaccine
could effectively block the spread of hepatitis B virus, reduce the carrying and infection of hepatitis B
virus, so strengthen the vaccination related to hepatitis B vaccine was necessary. However, hepatitis B
vaccine did not enter the medical insurance catalogue of our country, and the cost of vaccination was
high, which might lead to the lower level of the overall vaccination of hepatitis B vaccine in our country,
and the overall effect of chronic hepatitis B disease control was not very well.
As a chronic progressive liver disease, cirrhosis was a serious symptom after hepatitis. Because of the
long treatment process, the treatment effect was di cult to see in a short time. The physical and
psychological distress brought to patients were huge, and the quality of life of patients was generally low
[23]. HBV could cause abnormal glucose metabolism, and gradually progress to diabetes, further
aggravating the disease. With the improvement of living standard and social medical level, the increase
of population aging and obesity and other problems, the patients with hepatitis B cirrhosis accompanied
by diabetes, hypertension, dyslipidemia and obesity and other complications were increasing year by
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year. The demand for clinical treatment of hepatitis B cirrhosis was increasing year by year, and the
government departments needed to pay enough attention.
Our research also had some limitations: 1. There was no large-scale cohort study on Chinese medicine
treatment of hepatitis B cirrhosis in China, the parameters in the model came from different research
result, which might cause some confounding bias in the research result. 2. There was a lack of research
on the effect of different treatment schemes on the number of hospitalizations of patients with hepatitis
B cirrhosis. This factor has a greater impact on the result of the model, which needed to study in the
future. 3. The calculation of the cost of antiviral drugs included the recommended drugs in the

"Guidelines for the Prevention and Treatment of Chronic Hepatitis B" [4], such as entecavir, lamivudine
and adefovir dipivoxil, This study did not consider drugs that were not in the guidelines, and also We did
not consider factors related to changes in drug prices. Among them, entecavir was not within the patent
protection period, and had entered the scope of medical insurance reimbursement in some regions of
China, and the drug cost was relatively lower. However, the cost of drugs such as lamivudine and adefovir
dipivoxil within the scope of patent protection was relatively higher, which may cause high calculation
cost of antiviral drugs, and may have a certain impact on the result of the model. and the cost of drugs
such as lamivudine and adefovir dipivoxil was relatively higher. Besides, the cost calculation of
traditional Chinese medicines included prescriptions such as Fufang Biejia Ruangan Tablets, Ganshuang
Granules, Jianganle Granules, Fuzheng Huayu Tablets, Anluo Huaxian Pills. The cost of traditional
Chinese medicine treatment such as traditional Chinese medicine decoction was not included, therefore,
there were some errors in the cost calculation of traditional Chinese medicine. This study performed a
series of sensitivity analyses on drug prices and found that the result remain valid across a wide range of
drug price. 4. The model did not include indirect costs in the simulation of long-term treatment, such as
indirect costs related to productivity loss, which might have an impact on the model result. 5. In this
study, the discount rate of the model was determined according to "China Guidelines for
Pharmacoeconomic Evaluations", rather than the GDP growth in China. The sensitivity analysis results of
the discount rate showed that the change of the discount rate did not change the result.

Conclusions
The Markov model was used to simulate and evaluate the long-term treatment process of Chinese
medicine combined with antiviral drugs in the treatment of hepatitis B cirrhosis. As described in this
article, the result showed that compared with using antiviral drugs alone, the treatment of traditional
Chinese medicine combined with antiviral drugs increased 1.48 QALYs per patient, and the improvement
may be due to the lower cumulative incidence of related complications and the improvement of patients'
quality of life. The total cost of treatment saved 45551.61 yuan, and the total cost savings mainly
resulted from the reduction of hospitalization times caused by severe complications treated by the
combination of traditional Chinese medicine and antiviral drugs. Therefore, the traditional Chinese
medicine combined with antiviral treatment had cost-effectiveness advantages.
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Abbreviations
HBV
hepatitis B virus
WHO
World Health Organization
RR
relative risk
MD
mean difference
ICUR
incremental cost-utility ratios
QALY
quality-adjusted life year
CC
decompensated cirrhosis period
DC
decompensated cirrhosis period
HCC
liver cancer
Die
death
NAs
treatment with antiviral drugs alone
NAs + TCM
combination of traditional Chinese medicine and antiviral drugs.
SD
Standard deviation
rr_t
the effect of Chinese medicine combined with antiviral treatment on the number of hospitalizations
rate
discount rate
t_cc
the number of compensatory cirrhosis hospitalizations
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Figures

Figure 1
Markov model of various disease states of hepatitis B cirrhosis
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Figure 2
Markov model calculation process of two treatment schemes

Figure 3
The probability distribution of each state in each cycle of NAs group in the Markov model
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Figure 4
Probability distribution of each state in each cycle of NAs + TCM group in Markov model

Figure 5
Probability distribution of compensated cirrhosis of the two treatment options in each cycle
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Figure 6
Probability distribution of decompensated cirrhosis of the two treatment options in each cycle

Figure 7
Probability distribution of liver cancer status of two treatment options in each cycle
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Figure 8
Probability distribution of death status of two treatment options in each cycle
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Figure 9
Cyclone diagram of single factor sensitivity analysis
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Figure 10
Monte Carlo 1000-time scatter plot

Figure 11
Willingness-to-pay curve
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Figure 12
Incremental cost-utility scatter plot
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