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Abstract
Aim: To assess the cost-effectiveness of two population-based hepatocellular carcinoma (HCC) screening programs, two-stage biomarker-ultrasound method and mass screening using abdominal ultrasonography (AUS).
Methods: In this study, we applied a Markov decision model with a societal perspective and a lifetime horizon for the general population-based cohorts in an area with high HCC incidence, such as Taiwan. The accuracy of biomarkers and ultrasonography was estimated from published meta-analyses. The costs of surveillance, diagnosis and treatment were based on a combination of published literatures, Medicare payments and medical expenditure at National Taiwan University Hospital. The main outcome measure was cost per life-year gained with a 3% annual discount rate. 
Results: The results show that the mass screening using AUS was associated with an incremental cost-effectiveness ratio of USD39825 per life-year gained, whereas two-stage screening was associated with an incremental cost-effectiveness ratio of USD49733 per life-year gained compared with no screening. Screening programs with an initial screening age of 50 years old and biennial screening interval are most cost-effective. These findings were sensitive to the costs of screening tools and the specificity of biomarker screening.
Conclusion: Mass screening using AUS is more cost effective than two-stage biomarker-ultrasound screening. The most optimal strategies are an initial screening age at 50 years old and a two-year inter-screening interval.
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Core tip: Hepatocellular carcinoma (HCC) mortality could be reduced by early detection. Previous studies have investigated the cost-effectiveness of different surveillance intervals and screening modalities but were restricted in high risk populations. We conducted a cost-effectiveness analysis of mass screening for HCC with abdominal ultrasonography for general population compared with the existing two-stage biomarker-ultrasound screening in an area with high HCC incidence. The findings suggest early detection of HCC with abdominal ultrasonogrphy may be suggested for general population in the area with high incidence of HCC that had not been covered by hepatitis B vaccination.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide[1]. In Taiwan, HCC is the leading cause of cancer death, accounting for more than 7000 deaths annually[2]. Our previous study has demonstrated that increasing incidence rather than poor survival accounts for the rapid rise in mortality rate from HCC in Taiwan[3]. Because the major cause of HCC is related to hepatitis B infection in Taiwan[4], a nationwide vaccination program has been launched since 1984 resulting in a significant reduction in childhood HCC incidence[5]. Nonetheless, adults older than 30 years old are not covered by nationwide vaccination program and HCC incidence has been increasing in this population. Since the seroprevalence of hepatitis B virus and hepatitis C virus is nearly 20% in our country[6], a large number of individuals are at increased risk of developing HCC. Hence, a population-based screening program is needed for the early detection of HCC to facilitate favorable survival rate. In many countries, abdominal ultrasonography (AUS)-based imaging technique (with or without α-fetoprotein, AFP) was used to detect early stage HCC[7,8]. Several studies on mass screening for high risk individuals have also demonstrated that screening for HCC using AUS-based tools results in improved survival, compared with unscreened control[9,10].
The conventional method for HCC screening is to first identify high-risk individuals by using a constellation of biomarkers. These high-risk individuals are further referred to undergo AUS. In previous studies, population-based two-stage liver cancer screening program for high risk individuals has proven efficacious with a reduction of mortality up to 41% after adjustment for independent risk factors[10]. On the other hand, AUS, with or without α-fetoprotein, has been proposed to screen HCC in high HCC endemic countries[11-14]. There are pros and cons for both two-stage biomarker-ultrasound and one-stage AUS. Two-stage method is efficient but the AUS referral is a barrier for high-risk subjects identified at first stage. One-stage AUS may dispense with the referral issue but with increased cost and false positive rate. In addition, its relative costs and effectiveness, particularly the long-term outcome, have yet to be estimated.
The choice of either two-stage method or one-stage AUS screening is of great interest to health policy-makers in high endemic HCC area. The primary aim of this study is to compare the cost-effectiveness between the above mentioned two strategies. The optimal initial age and inter-screening interval are also investigated.

Materials and Methods
Model design and structure
We developed a Markov decision model as the framework to evaluate the economics of two screening strategies for HCC prevention – two-stage biomarker-ultrasound method and mass screening using AUS – compared to no screening for a hypothetical cohort of 40-year-old residents in a high HCC incidence area, such as Taiwan. 
Figure S1 shows a schematic representation of our four-state Markov model to represent the natural course of a hypothetical cohort with no screening. Parameters related to disease progress were based on Chen’s model[10]. The population was divided into non-cirrhotic and cirrhotic groups. We utilized a Markov cohort simulation method to follow this hypothetical cohort from 40 to 79 years old or until death, whichever comes first. The time cycle for our Markov model was one year. The health states were defined to capture the characteristics of HCC with considerations of screening and treatments. We used TreeAge Software for model construction and Winbugs software for parameters synthesis. Parameters such as sensitivity and specificity of AUS screening, and mortality rate from cirrhosis, were estimated based on literatures. The decision tree of different screening strategies for HCC is also shown (Figure S2).
Intervention strategies

The following three different strategies for HCC screening were compared: (1) No intervention. The cohort received no organized screening program for HCC. The patients seek medical intervention only when they have HCC symptoms or signs. This group is not our comparator but provides a reference group opposed to the two interventions. (2) Two-stage biomarker-ultrasound screening. In the first stage, high risk individuals were identified using fasting blood samples to test for HBsAg, anti-HCV antibody, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alpha fetoprotein (AFP). In the second stage, AUS was used to screen those with at least one of the following findings: positive HBsAg or anti-HCV antibody, AST ( 40 U/L, ALT ( 40 U/L, or AFP ( 20 ng/ml. and (3) mass screening using abdominal ultrasonography. All residents in this high endemic area received AUS for HCC screening.
For strategies 2 and 3, the inter-screening interval was every year.
Clinical surveillance
The high risk group who had been diagnosed as either HBsAg or anti-HCV positive in the prevalent screen would only be tested for the three other markers, AST, ALT and AFP, in the subsequent screening. People who had received abdominal ultrasonography and were diagnosed as cirrhosis would receive three monthly abdominal sonogram surveillance. Under abdominal ultrasonography, subjects suspected of malignant nodular lesions were referred to receive further confirmatory diagnosis with liver biopsy and subsequent pathological assessment. The confirmed HCC patients would be referred for oncological treatment. Otherwise, those false positive patients returned to a regular screening program. 

Input of parameters
Disease progression and mortality rate: Table 1 reported the incidence rates, transitional rates and mortality rates of HCC used in the model for our cohort. The age-specific incidence rates of HCC were extracted from the annual report of Cancer Registry of Taiwan[2]. The data sources for parameters used in the natural history estimation are our previous population-based studies and large studies on untreated HCC[10,13,15]. Population-based mortality rates for cirrhosis and non-cirrhosis adjusted for age were obtained from published Taiwan Vital Statistics and meta-analyses[2,16-19].
Test characteristics and prognosis of clinical practice: Parameters for test characteristics such as sensitivity and specificity of biochemical examinations in the first stage were derived from previous Taiwanese studies[13,20]. The sensitivity and specificity of AUS for both cirrhosis and HCC were extracted from two previous native studies and meta-analyses[9,12,21,22]. The prevalence of cirrhosis was derived from a two-stage screening program, the KCIS program[23]. The treatment outcomes of screening-detected HCC were estimated according to one large hospital-based cohort study in Taiwan[15]. The base-case estimate of one year survival was 75% for screening-detected HCC. 
Attendance and compliance: A 60% attendance rate was assumed based on our previous experiences from KCIS screening programs[24]. In addition, compliance rate and referral rate may vary with screening tools. Because AUS was a non-invasive screening tool, 80% of referral rate was assumed based on our previous community-based studies[10,13] for individuals screened positive in the first-stage. The compliance rate of AUS was assumed 80% that is comparable to the estimate of previous randomized trials[9,12,24].
Costs: The lifetime costs for HCC encompassed the initial costs (surgery, trans-catheter arterial chemoembolization and chemotherapy), continuing costs (following-up and treatment for recurrence), and the eventual cost of terminal care[25]. Costs for screening and confirmation were based on Medicare Payments by the Bureau of National Health Insurance in Taiwan. To acquire the data on costs of treatment we reviewed the records of HCC patients under treatment in National Taiwan University Hospital (NTUH). Indirect costs were calculated according to data from our index hospital and previous studies[26,27]. All future costs and life-years were discounted to the present value at an annual rate of 3%. Base-case values and ranges used in sensitivity analyses are summarized in the Table 1.
Model assumptions

Several model assumptions were stated as follows: (1) HCC incidence varied by age. The age-specific incidence rate of HCC was based on Cancer Registry of Taiwan. The probability of HCC progression and survival was constant over time. (2) We assumed that the clinically-detected HCCs often had large tumors and would be treated with palliative measures only, where the prognosis was poor. The survival rate of clinically-detected HCC was not dependent on the presence of liver cirrhosis. (3) We assumed false positive cases after referral confirmatory examination would undergo the ultrasonography surveillance at 3-month intervals for 6 months and would be resumed to the original screening strategy if negative screening results were found during surveillance. (4) The effect of antiviral therapy on cirrhosis progression and incidence of HCC was not modeled due to the uncertainty of its long-term effects. (5) Liver transplantation for treating HCC was not considered in the model due to the shortage of organ donations and the long waiting time in Taiwan. (6) On the basis of the concept of the prevalence pool, we also assumed the equilibrium state between cirrhosis and non-cirrhosis was stable. Hence we did not model the transition between non-cirrhotic state and cirrhotic state. Such assumption was believed to have just a little influence on the outcome of HCC estimation.

Cost-effectiveness analysis
We conducted analysis from a societal perspective. The effectiveness of any given screening program was evaluated by the life-year gained after converting mortality reduction as a result of each intervention. Costs are expressed in United States dollars. The direct costs were associated with the screening itself, confirmatory tests and treatment. The indirect costs were mainly derived from the loss of productivity. A 3% discount rate was used to convert future cost to present value. The results of comparisons between different screening strategies were presented by the incremental cost-effectiveness ratio (ICER). The ceiling ratio of ICER, the maximum amount of willingness to pay (WTP) per life-year saved, was set at the level of USD33000, approximately equivalent to two times per capita GNP in Taiwan[28]. 

Sensitivity analyses
We performed one-way and probabilistic sensitivity analyses by varying key model parameters within specified range for the comparison between the main strategy and reference strategy. Different initial ages and screening intervals were also compared by a series of acceptability curves and ICE scatter plots based on repeated Monte Carlo simulations. The statistical review of this study was performed by a biomedical statistician.

Results
Cost analyses
A total 158 HCC cases were sampled from the HCC cohort in our index hospital for cost estimation of initial and continuing care. According to the AJCC staging system of HCC, the numbers of patients with stage I to IV tumors were 62 (39%), 48 (30%), 33 (21%), and 15 (10%), respectively. After excluding subjects (n = 42) receiving either palliative treatments or no treatment, the primary modalities for HCC management in our sample were trans-arterial chemoembolization and hepatic resection that accounted up to 83% (96/116). The average costs of initial and continuing care were USD4892 (95%CI: USD3359-5936) and USD4266 (95%CI: USD3072-4685) for each individual patient. The average cost of terminal care, based on 93 patients died within the enrolled year in our index hospital with a mean follow-up period of 4.2 months, was USD5691 (95%CI: USD4327-7055). The detailed costs and their ranges used for model estimation are listed in the Table 1.
Base-case analyses
The ICERs for screening strategies, as compared to “No intervention” are listed in the Table 2. Both screening strategies yield more life-year gain and increased total costs compared with no intervention. The ICERs for two-stage screening and AUS screening were USD49733 and USD39825 per life-year gained, respectively. AUS screening was better than the two-stage method.
Sensitivity analyses
Results from the one-way sensitivity analyses were summarized for the comparison between the two-stage method and AUS screening (Table S1). The results demonstrated that the AUS screening was far more superior. The superiority of AUS screening was sensitive to the following variables: the specificity of biochemical screening, and the costs of biochemical screening and AUS. If the cost of biochemical screening was cheaper than USD9.9 or the cost of AUS was more expensive than USD44.1, the two-stage method became better. Moreover, two-stage screening became more cost-effective if the specificity of biochemical screening was larger than 90%. By varying parameters within a reasonable range (such as sensitivity of AUS, cirrhosis prevalence, attendance rate of screening programs, and compliance rate for ultrasonography), there were only trivial influence on the superiority of AUS screening.
In the probabilistic sensitivity test, with a maximum WTP of USD33000, AUS screening had an approximate 15% likelihood of being cost-effective. If the amount of WTP was raised to USD41000 or higher, the probability of AUS screening being cost-effective was over 50% (Figure 1). 
Optimal initial screening age

Figure 2A demonstrated the results from cost-effectiveness analyses at different initial ages of both screening programs at a given annual screening interval. The slope of the efficacy frontier showed the optimal ICER among different screening strategies. Other strategies internal to the efficacy frontier were less cost-effective based on the rules of extended dominance. AUS screening was more cost-effective than two-stage method at any initial ages. The most cost-effective strategy by using probabilistic sensitivity analysis was AUS screening with an initiated screening age of 50 years old (Figure S3A).

Inter-screening intervals
The efficacy frontier consisted of the combinations of AUS screening with different screening intervals and no screening at a given initial screening age of 40 years (Figure 2B). The cost-effectiveness of both screening strategies with different inter-screening intervals was also evaluated by using 10000 replications from Monte Carlo simulation considering the acceptability curve (Figure S3B). The two-stage screening strategy was less cost-effective than the AUS screening at any different inter-screening intervals. The most favorable strategy was biennial AUS screening, followed by annual AUS screening.
Cost-effectiveness plane for ultrasonography screening
Because AUS screening has been shown to be superior based on its cost-effectiveness, we further compared different combinations of optimal and suboptimal inter-screening intervals and initial ages for AUS screening. Figure 3A-D illustrated the simulated results of 5000 ICER replicates plotted on a cost-effectiveness plane given the maximum amount of WTP per life-year saved (ceiling ratio) at the level of USD33000. If the ICER lies below the ceiling ratio, the strategy should be implemented. As compared with no screening, the probability of being cost-effective among different strategies (i.e., annual screening from 40 years, annual screening from 50 years, biennial screening from 40 years and biennial screening from 50 years) were 15%, 45%, 55% and 73%, respectively.

Model validation
The predicted age-specific incidence rate of HCC per 100000 individuals from our model was compared to the empirical data from Cancer Registry in Taiwan (2007). The empirical figures were as follows: 40-44 years, 23; 45-49 years, 40; 50-54 years, 64; 55-59 years, 99; 60-64 years,146; 65-69 years, 197; 70-74 years, 232; and 75-79 years, 229. The predictive figures were as follows: 40-44 years, 30; 45-49 years, 41; 50-54 years, 81; 55-59 years, 102; 60-64 years,155; 65-69 years, 176; 70-74 years, 237; and 75-79 years, 233. There was no significant statistical difference as tested by Chi-square test (χ2 (7) = 8.97, P = 0.26), indicating fair model fitting.
Discussion

Our study is the first one to confirm the superiority of AUS screening for HCC (in terms of cost-effectiveness analysis) compared to the conventional two-stage method in a hepatitis endemic area. The results showed that AUS screening was associated with an incremental cost-effectiveness ratio of USD39825 per life-year gained whereas two-stage method was associated with an incremental cost-effectiveness ratio of USD49733 per life-year gained compared with non-screening. If taking the maximum amount of WTP per life-year saved in our country into account (USD33000), neither AUS screening nor two-stage screening is more cost-effective than using non-screening as reference strategy. However, the absolute cost-effectiveness still varies because the cost of management of HCC in different countries may be different and the decision to implement any screening program also depends on the resources of any given country.
Both the deterministic and probabilistic modeling approaches revealed that AUS screening is more cost-effective than two-stage screening. Several factors accounted for such results. First, the difference of cost between AUS (USD27.6) and first stage biochemical tests (USD22.2) is relative low in Taiwan. Two-stage screening became a better strategy if the costs of AUS were more expensive than USD44.1 or if the costs of biochemical test were lowered to USD9.9. Second, the specificity of the five biochemical makers for HCC screening is low. Two-stage screening is superior only when the specificity of biochemical screening is greater than 90%. A low platelet value has recently been reported as a surrogate for cirrhosis[29]. It is necessary to further assess the optimal utility ratio based on the comparisons between different combinations of biochemical markers. However at present, there is still no biomarker with relative good sensitivity and specificity for HCC surveillance[7,30,31].
Costs for initial, continuing and terminal phases of care reported in previous cost-effectiveness studies of cancer care are summarized[25]. The average costs of initial care, continuing care and terminal care are USD4892, USD4266 and USD5691, respectively. Initial care and terminal care costs are higher than continuing care costs in treating HCC. These results are compatible with the previous study[27]. It should also be noted that our costs are based on those at a medical center, NTUH. As the leading hospital in Taiwan with a 118-year history, this hospital serves patients and accepts referrals evenly distributed from every part of Taiwan. Therefore the patients of NTUH could represent all HCC patients in Taiwan without substantial bias but may be skewed slightly to severe cases. Costs estimated at community hospitals may be somewhat lower. Besides, it is difficult to distinguish asymptomatic and symptomatic cases by retrospective chart reviewing. We assume the same costs for initial treatment for clinically-detected and screen-detected cases. Sensitivity test with a wide range for cost of initial treatment between clinically- and screen-detected tumors does not change the superiority between screening strategies.

As far as the validity of simulated model is concerned, there is evidence supporting our results. Firstly, the estimated parameters of natural history and variables were largely generated from two previous studies based on the same community cohort in Taiwan[10,13]. The heterogeneity among different studies could be overcome. Secondly, the predicted age-specific incidence rate of HCC was close to the observed one (χ2 (7) = 8.97, P = 0.26). Thirdly, by taking different time horizons into consideration, AUS screening is still more cost-effective than two-stage screening. This means the changes of different time horizons cause little change of our results.

Our study was different from several previous decision analyses studies on HCC screening[32-37] probably due to the following reasons. Firstly, our study included a four-state ‘micro-simulation’ model and community-based screening in Taiwan, a viral hepatitis endemic area. Previous studies were restricted in high risk populations, such as cirrhotic patients or patients waiting for liver transplantation. Secondly, the rates of incidence of HCC increased with age. We have used age-specific HCC incidence rates based on Cancer Registry of Taiwan. The study by Arguedas et al[36] evaluated the incremental cost-effectiveness of no screening versus AUS and AFP every one year in patients with cirrhosis. The results of base-case analyses was USD22500 per life year saved. Another study by Shih et al[37] from Taiwan, comparing no screening and two-stage screening in patients with either hepatitis B or hepatitis C, reported an ICER of USD15600 per life year saved. Their ICERs were lower than our estimate. The difference was more likely attributed to the fact that we included indirect costs and our screening subjects were the general population rather than high risk individuals.
Our results support AUS screening for general population in high HCC endemic area. However, the success of the above screening largely depends on a sufficient well-trained manpower for AUS. In some countries with insufficient manpower, it is still feasible to develop a risk-scoring system with subsequent referral for AUS[38]. On the other hand, in high-risk populations such as advanced cirrhosis where AUS shows low detection rate for HCC, combination of AUS and biomarkers is still valuable.
There are some limitations in our model. HCC incidence reduction by antiviral therapies is demonstrated recently[39]. However we cannot model antiviral treatment effects on the natural history of HCC because the data on reversibility of advanced liver disease are less well established. On the other hand, liver transplantation is the optimal treatment for HCC because it simultaneously removes the tumor and underlying cirrhosis thus reducing the risk of HCC recurrence[40]. This therapeutic option was excluded due to the shortage of organ resources in Taiwan and the decisional making was based not only on medical concerns.

In conclusion, AUS mass screening is more cost-effective than two-stage method. Their relative cost-effectiveness may vary from the cost of screening tools and the specificity of biochemical test. Screening programs with initial screening at 50 years old and biennial screening interval were the optimal strategy.
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Background

Two-stage biomarker-ultrasound method and mass screening using abdominal ultrasonography (AUS) have been proposed for the early detection of hepatocellular carcinoma (HCC). The cost-effectiveness of these two HCC screening strategies remains unclear particularly in some aspects such as the optimal initial age, and inter-screening interval
Research frontiers

This study contributes significantly to the cost-effectiveness analysis of mass screening for HCC with abdominal ultrasonography for general population compared with the existing two-stage biomarker-ultrasound screening in an area with high HCC incidence.
Innovations and breakthrough
Mass screening using ultrasonography is more cost-effective than two-stage biomarker-ultrasound screening. The costs of screening tools and the specificity of biomarker screening play an important role in the relative cost-effectiveness of screening strategies.
Applications

Early detection of HCC with abdominal ultrasonogrphy may be suggested for general population in the area with high incidence of HCC that had not been covered by hepatitis B vaccination. Optimal age to begin screening and inter-screening interval of HCC could be determined in clinical decision making for early diagnosis of HCC
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Figure 1 Results of sensitivity analysis: Cost-effectiveness acceptability curves. 
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Figure 2 Cost-effectiveness of hepatocellular carcinoma screening with selected initial ages and selected screening intervals. The reference strategies were non-screening programs at the index initial ages. A: Strategies were labeled by the type and initial ages of screening. B: Strategies were labeled by the type and frequency of screening. [image: image4.png]


: strategies on the efficiency frontier; [image: image5.png]


: strategies that are less cost-effective than the strategies on the efficiency frontier; AUS: Abdominal ultrasonography mass screening; Two: Two-stage biomarker-ultrasound screening.
[image: image6.jpg](A) Annual AUS from 40 yrs vs No

$ 1,200
$ 900-
$ 600 -
$300] -

$0- . ..

($ 300)-

($ 600)-

($ 900)-

($ 1,200) -
(0.010 PY) 0.005PY  0.020 PY

Incremental Effectiveness

Incremental Cost





[image: image7.jpg](B) Annual AUS from 50 yrs vs No

$ 1,200 ¢
$ 900 -
$ 600-
$ 300- : ’
§ 0 T B
($ 300)-"
($ 600)-
($ 900)-

($ 1,200) : , . —d
(0.010 PY) 0.005 PY 0.020 PY
Incremental Effectiveness

Incremental Cost





[image: image8.jpg](C) Biennial AUS from 40 yrs vs No

$ 1,200
$ 900 —
$ 600
$ 300 - ; :

($ 300)

($ 600)-

($ 900)-

($ 1,200) A
(0010 PY)  0.005PY  0.020 PY

Incremental Effectiveness

Incremental Cost





[image: image9.png](D) Biennial AUS from 50 yrs vs No

$ 1,200
$ 900

$ 600
$ 300

Incremental Cost
o
o

($ 1,200) ‘ 4
(0.010PY)  0.005PY  0.020 PY

Incremental Effectiveness




Figure 3 Cost-effectiveness plane for different combinations of optimal, suboptimal initial ages and inter-screening intervals of ultrasonography screening. The slope of a dashed line represents the ceiling ratio. A: Annual screening from 40 years vs no screening. B: Annual screening from 50 years vs no screening. C: Biennial screening from 40 years vs no screening. D: Biennial screening from 50 years vs no screening.
Table 1 Base-case estimates and ranges used in sensitivity analysis 
	Variables
	Base-case
	Distribution of probabilistic sensitivity analysis
	Ref.

	Natural history and prognosis, per year
	
	
	

	    Prevalence of cirrhosis 
	1.77%
	Β (1069, 59257)
	[23]

	    Annual transition rates
	
	
	

	    HCC incidence (1/yr)             
	NC       Cirrhosis
	NC                  Cirrhosis
	

	        30-39 yr
	0.00012      0.0024
	Gamma (0.06, 510)      Gamma (0.23, 96)
	[2,10,23]

	        40-49 yr
	0.00036      0.0070
	Gamma (0.33, 1190)      Gamma(1.2,220)
	

	        50-59 yr
	0.0010       0.020
	Gamma (3.07, 3614)     Gamma(10, 632)
	

	        60-69 yr
	0.0021       0.041
	Gamma (19, 8928)      Gamma(67, 1640)
	

	        70-79 yr
	0.0043      0.082
	Gamma (79, 18280)      Gamma (269, 3280)
	

	    PHCC to CHCC (Non-cirrhosis)
	0.376 (0.157- 0.595 )
	Gamma (11.3, 30.1)
	[10,15]

	    PHCC to CHCC (Cirrhosis )
	0.637 (0.21-1.06)
	Gamma (8.7, 13.6)
	

	Variables
	Base-case
	Distribution of probabilistic sensitivity analysis
	Ref.

	    CHCC to HCC death
	1.05 (0.93-1.18)
	Gamma (1.14, 1.09)
	

	    Age-specific mortality rate of cirrhosis
	
	
	

	        30-39 yr
	0.0046
	Gamma (0.2, 49.4)
	[2,16-19]

	        40-49 yr
	0.0086
	Gamma (0.8, 92.3)
	

	        50-59 yr 
	0.017
	Gamma (3.1, 182.4)
	

	        60-69 yr 
	0.038
	Gamma (15.5, 407.7)
	

	        70-79 yr
	0.098
	Gamma (103, 1051.5)
	

	Survival rate of surveillance-detected PHCC (%)
	75
	Gamma (11.2, 15.8)
	[15]

	First-stage 5 markers screening characteristics 
	
	
	

	    Attendance rate (%)
	60
	Β (23654, 18733)
	[9,13,24]

	Sensitivity to Cirrhosis (%)
	80
	Β (62, 15)
	[20]

	Variables
	Base-case
	Distribution of probabilistic sensitivity analysis
	Ref.

	    Sensitivity to HCC
	95
	Β (50, 1)
	[13]

	    Specificity to HCC
	70
	Β (9493, 4282)
	[13]

	Second-stage ultrasonography screening characteristics
	
	
	

	    Compliance rate of ultrasonography (%)
	80
	Β (16394, 3212)
	[9,13,24]

	    Sensitivity to cirrhosis (%)
	75
	Β (11, 3)
	[21]

	    Sensitivity to HCC (%)
	83
	Β (48, 10)
	[9,12,22]

	    Specificity to HCC (%)
	97
	Β (20137, 637)
	[9,12,22]

	Direct cost (USD)
	
	
	

	    Biochemical Test
	
	
	

	        HBsAg
	4.7
	
	BNHI

	        HCVAb
	7.4
	
	BNHI

	        GOT
	1.5
	
	BNHI

	Variables
	Base-case
	Distribution of probabilistic sensitivity analysis
	Ref.

	        GPT
	1.5
	
	BNHI

	        AFP
	5.9
	
	BNHI

	    Ultrasonography 
	26
	
	BNHI

	    Confirmation (USD)
	
	
	

	        Triple–phase abdominal CT
	148
	
	BNHI

	        Ultrasonic guidance for biopsy 
	38.3
	
	BNHI

	        Liver puncture 
	36
	
	BNHI

	        Specimen examinations of pathology
	51.2
	
	BNHI

	    Treatment (USD)
	
	
	

	        Initial cost of HCC treatment 
	4892
	Lognormal (8.28, 0.53)
	NTUH

	        Continuing cost of HCC treatment
	4266
	Lognormal (8.18, 0.46)
	NTUH

	        Incurable-cancer care (average)
	5691
	Lognormal (8.36, 0.81)
	NTUH

	Variables
	Base-case
	Distribution of probabilistic sensitivity analysis
	Ref.

	Indirect cost (USD)
	
	
	

	    Screening time (h)
	0.5
	
	[10,26]

	    Person accompanied for screening 
	0
	
	[10,26]

	    Time spending for ultrasonography
	4
	
	[10,26]

	    Confirmation time (h)
	8
	
	NTUH, [26]

	    Person accompanied for confirmation
	1
	
	NTUH, [26]

	    Inpatient hospitalization (d)
	15
	
	NTUH

	    Inpatient recovered at home (d)
	15
	
	[26]

	    Person accompanied for inpatient care
	1.69
	
	[26]

	    Outpatient time per visit (h)
	4
	
	[26]

	    Outpatient visit per year 
	9.7
	
	NTUH

	    Patient accompanied for outpatient visit
	0.77
	
	[26]

	    Inpatient of terminal care (d)
	30
	
	NTUH

	Variables
	Base-case
	Distribution of probabilistic sensitivity analysis
	References

	    Person accompanied for terminal care
	1
	
	[26]

	    Average work per month (h)
	184
	
	DGBAS

	    Production value per hour (USD)
	7.6
	
	DGBAS

	    Discount rate (%)
	3
	
	


NC: non-cirrhosis; HCC: hepatocellular carcinoma; PHCC: preclinical hepatocellular carcinoma; CHCC: clinical hepatocellular carcinoma; CT: computed tomography; GNP: gross national product; BNHI: Bureau of the National Health Insurance; NTUH: National Taiwan University Hospital; DGBAS: Directorate General of Budget, Accounting and Statistics.
Table 2 Simulated results for screening strategies to prevent hepatocellular carcinoma
	Outcome


	No intervention
	Two-stage screening
	Mass screening using ultrasonography

	Cost per individual screened, USD
Life-year gain1 (yr)
	2755

20.4798
	3389

20.4926
	3359

20.4950

	Comparing with ICER

No screening as reference 

Two-stage screening as reference
	-

-
	49733

-
	39825

Dominant2


1Screening starting age was 40 years old, screening internal was one year; 2more effective and less costly than reference strategy. ICER: incremental cost-effectiveness ratio.
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