Non-invasive prenatal testing for detection of Down syndrome in Government-funded projects: a cost-effectiveness analysis based on real-world data from China

Abstract:

Objective: This study aimed to assess the cost-effectiveness of implementing NIPT screening for DS based on government-funded projects in China. 

Design: Decision analytical model.

Setting: Fuyang City People's Hospital (FCPH) in China.

Population: 1,400 maternal women in FCPH for the period March to June 2019.

Methods: An incremental cost-effectiveness ratio (ICER) was calculated from a societal perspective. Univariate sensitivity analysis measured the impact of the uptake rate of NIPT and the cost of NIPT, and probabilistic sensitivity analysis (PSA) also was conducted.

Main outcome measures：The number of DS case detected. 

Results: NIPT age-related screening strategy (Strategy D) has the lowest ICER, with an ICER of USD 25,641.22 per additional DS case detected compared with second-trimester serum screening Strategy (Strategy A). Universal NIPT screening (Strategy E) was the most effective and showed more DS case detected compared with alternative strategies. However, it was also the most expensive strategy. Strategy E would not be cost-effective unless the unit cost of NIPT could be decreased to USD 57.00. PSA results indicated that, at a willingness-to-pay threshold under USD 120,000.00, Strategy D is cost-effective compared with combined serum and NIPT screening (Strategy C, also the referred strategy in China).

Conclusion: Compared with current referred screening strategy in China, age-related NIPT contingent screening performances better in cost-effectiveness analysis and safety, which should be recommended to pregnant women. While under the government-funded projects in China, universal NIPT screening is still not optimal. Lowering the price of NIPT is an effective measure to promote universal NIPT Strategy.
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Tweetable abstract: Age-related NIPT contingent screening Strategy is likely to be the optimal choice in China.
Introduction
Down syndrome (DS) is the most frequently found autosomal aneuploidy at birth, which is caused by trisomy 21 (three copies of the chromosome 21). DS is associated with the physical growth delay and neurocognitive retardation and other medical issues.1
 The prenatal screening for Down syndrome is a routine practice before a definitive diagnosis in many countries. Currently, the second-trimester serum test is the most widely performed screening method for DS in mainland China.  ADDIN EN.CITE 
2-4
 However, the test has some significant limitations. It can only identify 70% to 90% of T21 cases and result in unnecessary invasive diagnoses which can lead to procedural related losses (PRL). 5, 6

The newly available non-invasive prenatal testing (NIPT) is a promising technology, which utilizes cell-free fetal DNA originating from the placenta and presenting in maternal blood between weeks 11 and 22 of pregnancy. NIPT provides several advantages relative to STS, such as greater prenatal detection of aneuploidies (sensitivity and specificity of approximately 99%), lower false-positive rate (0.0%-0.2%) which contributes to avoiding the risk associated with further invasive diagnostic testing. ADDIN EN.CITE 
4, 7, 8
 Guidelines have been issued in more and more countries to support the use of NIPT as prenatal screening in all pregnant women.9, 10
 In China, National Health Commission (former China’s National Health and Family Planning Committee) proposed a practice guideline of the high-throughput, non-invasive prenatal testing for autosomal aneuploidy in 2016.4, 11
 In clinical practice, the price of NIPT is around USD 332.46, but the cost is only partially covered by health insurance in majority of provinces, which means that the pregnant women have to pay for this service mainly by themselves. While the price of STS is less than USD 45.33 and covered by health insurance or local government revenues in most provinces. Thus, the pregnant women may prefer STS to NIPT though the latter is more effective for DS screening. The clinical application for NIPT has been largely restricted in this context. To take advantage of NIPT and improve its clinical application, a free NIPT service program is approached by government in Fuyang City located in eastern China from April 2017. In this program, the local government purchases NIPT service, and provides free fetal chromosome aneuploidy (T21, T18, T13) screening to every pregnant woman. Fuyang City People's Hospital (FCPH), as the only qualified medical institution in Fuyang City, has taken charge of prenatal screening and diagnosis, explaining the final reports to pregnant women as well as providing genetic counseling if necessary. And nine community healthcare centers are supporting as blood sampling extension points of FCPH to deliver convenient and timely services. Meanwhile, genomic sequencing of all blood samples was tested by a Chinese genomics company.
The cost-effectiveness among the available techniques are not clear given the high cost of NIPT, despite the introduction of NIPT entails significant changes in the screening and diagnosis strategies for T21 applied within health service. Walker BS et al indicated that the use of NIPT for first-line testing is beneficial in terms of the number of cases of DS detected and the number of miscarriages, although with a greatly higher cost than first and second-trimester screening.12
 Meanwhile, a recent systematic review of the cost-effectiveness of NIPT has also found that universal NIPT is more effective but costlier than the usual screening, and the cost-effectiveness of contingent NIPT is uncertain that results range from NIPT being dominant to a dominated strategy in different health services systems and different analytical perspective.13
 It also should be noted that the cost-effectiveness results are significantly affected by age of the women, analytical perspectives, the unit cost of NIPT or uptake rate of the test in those studies of sensitivity analysis .13, 14
  
In Fuyang’s free NIPT service program, the budget impact of implementing NIPT as a first-line screening test is concerned by healthcare authority, which needs to be evaluated in the public health system. To determine the most appropriate strategy for implementing NIPT screening for DS from a societal perspective, we compared the cost-effectiveness of prenatal screening with adopting NIPT strategy and conventional screening strategy within a singleton pregnancy population based on real-world research using Fuyang as a case study.

Methods

Decision analytic model

The decision-analytical model was constructed using decision analysis software (TreeAge Pro 2019) to assess the costs and health outcomes of various prenatal screening strategies based on real-world data. 
The model consisted of five strategies. Strategy A was second-trimester screening (STS) with the triple serum marker test offered to all pregnant women between 14-22th gestational weeks, which is a test analyzing serological markers (Unconjugated estriol (uE3), free β-human chorionic gonadotrophin (β-HCG), and alpha-fetoprotein (α-FP) in the second trimester). Women who were detected as high-risk group by STS (a cut-off≥1:380) would undergo the invasive diagnostic tests (amniocentesis (AC) or percutaneous umbilical cord puncture for the prenatal diagnosis) (Fig.1); Strategy B was age-contingent serum screening (age as a criterion), 1)all women ≥“35 years-of-age” were directly offered the invasive diagnostic tests, 2)for women <”35 years-of-age”, second-trimester serological triple screening was offered, and women who were detected as high-risk group by STS would undergo the invasive diagnostic tests (Fig.2); Strategy C was combination of serum screening and NIPT screening (age as a criterion), 1)all women ≥“35 years-of-age” were directly offered the invasive diagnostic tests, 2) women <”35 years-of-age” were offered STS and high-risk pregnancies were considered for further NIPT screening, and only women identified as NIPT-positive would have invasive diagnostic tests (Fig.3); Strategy D was NIPT contingent screening (age as a criterion), 1)all women ≥”35 years-of-age” were directly offered NIPT, women who were detected as high-risk would undergo the invasive diagnostic tests, 2)for women <”35 years-of-age”, all were offered STS, high-risk pregnancies were considered for further screening by NIPT, and only women identified as NIPT-positive would have invasive diagnostic tests (Fig.4); Strategy E was that all women were offered NIPT, and NIPT-positive pregnancies would undergo the invasive diagnostic tests (Fig.5). Strategy E was the current strategy carried out in Fuyang City with total financial support from local government. And Strategy C was referred by China National Health Committee.

The following five outcomes were calculated for all analyzed strategies: the DS cases detected which were terminated pregnancy with the informed consent of pregnant women, the live birth DS cases, the live birth healthy fetus, procedural related losses (PRL) caused by invasive diagnosis, spontaneous abortion.

Data sources

Table 1 shows the relative parameters which was involved in the model. Population data, uptake rate of prenatal screening and diagnosis of DS were calculated based on the official records from April 2017 to October 2018, provided by FCPH, Fuyang Health Commission and Fuyang Maternal and Child Healthcare Hospital. In 2018, the total number of pregnant women reached approximately100,000, of which 6.85% were advanced pregnant women (≥ “35 years-of-age”). Based on the population calculations, 80% of women with a singleton pregnancy (including women ≥”35 years-of-age”) underwent NIPT. According to relative references, the sensitivity and false-positive rate of NIPT for T21 were 99.60% (95% CI 94.70% to 100%) and 0.06% (95% CI 0 to 0.37%), respectively. For STS, the prenatal screening uptake rate was assumed as 75%. The sensitivity and false-positive rate of STS would be 79% (95% CI 72% to 85%) and 4% (95% CI 3% to 6%). 60% of pregnant women at a high probability of aneuploidy after STS were assumed to go directly to invasive diagnostic tests. Meanwhile, it is assumed that no women at a high probability of aneuploidy after NIPT declined invasive diagnostic testing. Overall, 95% of women underwent elective abortion due to a diagnosis of T21 confirmed by invasive diagnostic tests. Regarding the adverse effects associated with invasive diagnostic test, the proportion of procedural related losses was 0.81%.15
 

In the model, direct medical costs and direct non-medical costs were taken into account from a societal perspective. The direct medical costs of health service items were replaced by the local prices of these items in FCPH. Among them, NIPT service was purchased by the local government at USD 112 per case. And the direct non-medical costs were obtained from a questionnaire survey of 1,400 maternal women in FCPH for the period March to June 2019, which included the lost earning of these pregnant woman due to missing work, transportation cost, accommodation cost, and cost of inpatient care during the process of prenatal screening and diagnosis. Database EpiData was employed for managing data of the questionnaire survey. And the mean cost was calculated using Excel. The cost items were listed in Table 2. Since the horizon of model was short-term (only one year), long-term effects related to the infant with DS were not taken into account and the costs were not discounted. All costs were calculated in the Chinese Yuan but converted and presented in the US dollar (using the 2018 yearly average currency exchange rate: 6.6174 CNY =1 USD).

Economic analysis

A cohort of 100 000 pregnant women was simulated in the model, corresponding to the current estimated annual number of pregnant women in Fuyang City. The effectiveness and total costs of each screening strategy were calculated. Meanwhile, to determine which strategy was the most optimistic, the incremental cost-effectiveness ratios (ICERs) were calculated between each strategy and the cheapest strategy. ICER refers to the difference in costs between two strategies divided by the difference in the number of DS cases detected by the two strategies (ICER = ΔC/ΔE). This ratio indicates the incremental cost of the use of one screening strategy compared to another per additional case of DS averted.
Sensitivity analyses

Univariate sensitivity analyses and probabilistic sensitivity analysis (PSA) were conducted. One-way sensitivity analyses were conducted to determine the impact of relevant parameter values on cost-effectiveness ratios. The parameters were determined according to the available literature evidence and the expert opinion bearing in mind the adoption of NIPT for prenatal DS screening. The impact on outcomes of the following changes was assessed: First, NIPT as a part of the prenatal screening, the uptake rate could increase as a result of exempting out-of-pocket; second, the cost per NIPT could range from USD 45.33 to USD 241.79. PSA was conducted to determine the overall uncertainty in the cost-effectiveness due to the uncertainty in the underlying model parameters. PSA was performed by repeating the Monte-Carlo simulation 1000 times. For each repetition, new parameter values were drawn from the parameter distributions shown in Table 3. Gamma distributions, uniform, and triangular distributions were fitted to costs, whereas model probabilities were drawn from beta distributions. Meanwhile, cost-effectiveness acceptability curves (CEACs) were also presented graphically. 
Results

Economic analysis
The results for each of the DS screening strategies analyzed are outlined in Table 4 and Table 5. The number of DS cases detected for Strategy A was 25.33, and resulted in a much greater number of live birth DS cases (49.67). The total cost was USD 5,824,980.26. Strategy B resulted in the greatest number of PRL (58.09). Strategy C and Strategy D resulted in 44.46 and 44.40 DS cases detected, respectively. But Strategy C resulted in more PRL cases than Strategy D (44.63 vs 0.42). Strategy E resulted in the greatest number of DS cases detected (56.77) and the fewest number of live birth DS cases (18.23). And the total cost of Strategy E was USD 11,930,795.60. Table 5 shows the incremental costs and outcomes using Strategy A as the comparator. It can be observed that the Strategy D has the lowest ICER, with an incremental cost of USD 25,641.22 per additional DS case detected.

Figure 6 shows that Strategy B and C were absolute dominated and extended dominated strategy, respectively, which might be rejected as an alternative strategy. Strategy A, D, and E were possible to be ideal in different contexts. 

Univariate sensitivity analyses
Univariate sensitivity analysis was performed on key variables using the ranges shown in Table 1 and Table 2. In one-way sensitivity analysis, when screening uptake rate with NIPT in advanced pregnant women exceeded 80%, the number of DS detected of Strategy D would overtake Strategy C (Fig.7). When NIPT uptake rate in STS positive pregnant women exceeded 34%，the number of DS detected of Strategy C and D would overtake Strategy A. And when this value exceeded 60%, the effectiveness of strategy D and C would overtake Strategy B (Fig. 8). When NIPT was adopted as a first-line screening strategy for all pregnant women, the effectiveness of Strategy E would overtake Strategy C and D if the uptake rate of NIPT exceeded 63% (Fig. 9).
If the price of NIPT was less than USD 65.00, the cost-effectiveness of strategy E and D would be better than Strategy C, while Strategy D had the lowest CE ratio. Moreover, if the cost of NIPT was decreased to USD 57.00 or less, Strategy E would show the lowest CE ratio and overtake Strategy D (Fig.10). That means, on that occasion, Strategy E could be the best choice for pregnant women to screen the DS fetus.

Probabilistic sensitivity analyses

The cost-effectiveness planes for the 1000 Monte Carlo simulation (Fig. 11, 12) show the results from PSA for the optimal strategy in model analysis (Strategy D) and the strategy implemented in Fuyang City (Strategy E) versus the current referred strategy (Strategy C). Figure 11 shows a few spots (23.8%) fell in the first quadrant, where strategy D was more effective and costly than Strategy C, and a few spots (22.9%) fell in the fourth quadrant, where Strategy D was more effective and less costly than Strategy C. Figure 12 shows that a number of spots (61.6%) fell in the first quadrant, where strategy E was more effective and costly than Strategy C, few spots (0.01%) fell in the fourth quadrant, where Strategy E was more effective and less costly than Strategy C.

The cost-effectiveness acceptability curves compare the probabilities of being cost-effectiveness for each strategy under different threshold. Figure 13 shows that the most likely cost-effective strategy initially started with Strategy A and switched to Strategy D at a willingness to pay (WTP) threshold starting at USD 38,400.00. At a WTP threshold USD above 120,000.00, there was a greater probability that Strategy C was cost-effective. At the WTP threshold of USD 468,000.00, Strategy E had the highest probability of being cost-effectiveness.
Discussion

This cost-effectiveness analysis from a societal perspective compares five different screening strategies which cover all screening strategies for DS in different regions of China. Meanwhile, using context-specific real-world information—a series of real-world Fuyang’s data on test characteristics, probabilities and relative costs (direct medical costs and direct non-medical costs) evaluated Fuyang’s screening situation as accurately as possible. Our results demonstrate that at the current NIPT screening uptake rate and the price of NIPT paid through the Government-funded program, Strategy D is the most optimistic choice. And universal NIPT (Strategy E) for the general population is the most effective and shows several clinical benefits, including more DS cases detected, very few unnecessary procedural related losses caused by invasive diagnosis tests, and fewer live birth DS cases. However, it is also the most expensive strategy compared with other alternative strategies. This result is consistent with some previous CEA studies in different countries — the United States, Australia, and some European countries.33
 Our results also show that Strategy E would have the highest probability to be cost-effective if the unit cost of NIPT could be decreased to USD 57.00 or lower. 

Comparing with the current referred screening strategy (Strategy C), a better prenatal screening strategy for DS choice may be age-related NIPT contingent Strategy (Strategy D) in China.

Current referred screening strategy (Strategy C) directly provided the invasive diagnostic tests to advanced women (≥ “35 years-of-age”), while conditional NIPT strategy (Strategy D) offered NIPT first and then invasive diagnostic tests for NIPT-positive advanced pregnant women. The latter strategy can reduce unnecessary procedural related losses caused by invasive diagnostic tests. As reflected in the results of the base case analyzed, Strategy D and C detected almost the same number of DS cases (44.40 and 44.46, respectively), but Strategy D was associated with less miscarriage following invasive procedures (0.42 vs 44.63). That means the effects of these two strategies were similar, but Strategy D was safer for pregnant women. In clinical practices, the safety of screening technology and strategy was one of the most important factors that influence whether to choose this screening for all pregnant women.34
 It might also be noted that Strategy D has lower CE ratio compared with Strategy C. In general. Strategy C is mainly recommended prenatal screening strategy for DS in China. However, given safety and cost-saving concerns, Strategy D may be a better choice, especially for pregnant women over 35 years old. And the PSA cost-effectiveness acceptability curves indicate that at lower than USD 120,000.0 WTP threshold, Strategy D compared with C was always more likely to be cost-effective. This positive evidence might be provided for better allocation of resources considering extremely limited WTP threshold information in China. 
Reducing the price of NIPT, universal NIPT screening（Strategy E） could become a priority choice

Under the context that NIPT was approved and funded by the government, and freely offered to each eligible pregnant woman, Strategy E was not the optimal choice compared to the other strategies. The sensitivity analysis indicated that the results were sensitive to screening uptake rate and the cost per NIPT. As long as the screening adherence of NIPT is able to be improved to 63%, Strategy E would be the most effective. Actually, NIPT screening uptake rate in the pregnant population has been substantially increased to 80% from the context-specific real-world survey. In addition, the sensitivity analysis showed that when the cost was lower than USD 57.00, the CE ratio of Strategy E was the lowest compared to the other strategy. However, Strategy E was currently implemented in Fuyang city, and the cost of USD 112.58 per NIPT for each pregnant woman was fully funded by the local government which might result in high fiscal pressure. Therefore, Strategy E can hardly be sustainably implemented by the National Health Committee in China, unless the unit cost per NIPT is further reduced. It might be achieved by exploiting the stronger negotiating position of public healthcare institutions, or by adopting NIPT designed to be implemented within the clinical laboratories of the public hospitals, using standard laboratory equipment and most of the massively parallel sequencing systems. The former option would help to relieve government pressure through controlling and holding down the market price of NIPT. The latter would result in cost-saving, improved professional skills using hospital resources, better quality control, and shorter waiting time to obtain result reports for pregnant women. 
Some limitations of the study must be considered in the interpretation of results. A key limitation of this analysis was a short time horizon (from week 10 of pregnancy until birth), therefore, the costs over the lifetime of a child born with a DS were not considered. One reason was that the study and source of life-time cost of DS live-births were rare in China, the other was that the primary aim of screening programs was to facilitate informed reproductive choice rather than to prevent costs associated with DS live births. So, the long-term decisions and associated DS costs were not analyzed.35
 Although trisomy 13 and 18 also are common autosomal aneuploidy, the fetal survival rate of these aneuploidies is very low. Consequently, the benefits of these aneuploidies are also very limited.36
 So, our analysis focused only on fetal trisomy 21 which is the one commonly being screened and supported by clinical standards. 
Conclusion 
In summary, based on our cost-effectiveness analysis from a societal perspective looking at the China pregnancy population, universal NIPT Strategy can identify more DS cases, reduce unnecessary invasive procedures, and in turn fewer procedural related losses, but also with the high cost. But under the government-funded projects, universal NIPT screening Strategy is still not optimal. Comparing to the current referred screening strategy in China, age-related NIPT contingent Strategy performances better in cost-effectiveness analysis and safety, which should be recommended to pregnant women, especially those over 35 years old. Meanwhile, our results indicate that lowering the price of NIPT is an effective measure to promote universal NIPT Strategy. 
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Table 1.  Relative variables in the decision-analytic model (Epidemiology and Clinical practice)

	Parameter
	Parameter name
	Base value (%)
	Range (%)
	Data sources*

	Epidemiology
	
	
	
	

	Incidence of T21
	p_21_incidence
	0.075
	0.0099～0.1470
	B ADDIN EN.CITE 
[YM Chen, 2019`,27(06):688-691+740 #17]16-19



	Incidence of T21 in women ≥”35 years-of-age”
	p_21_incidence2
	0.29
	0.282～1.160
	B ADDIN EN.CITE 
12, 16, 20, 21



	Incidence of T21 in women< ”35 years-of-age”
	p_21_incidence3
	0.059
	0.031～0.088
	B ADDIN EN.CITE 
12, 16, 20, 21



	Percentage of women ≥”35 years-of-age”
	p_than35
	6.846
	2.969-6.994
	A.

	Clinical practice
	
	
	
	

	STS performance
	
	
	
	

	Sensitivity, T21
	p_detect_21
	79
	72～85
	A.B12



	False-positive rate, T21
	p_FPR_21
	4
	3～6
	A.B8



	Prenatal screening uptake
	p_screen
	75
	10～100
	A.B20



	Prenatal diagnostic uptake in high-risk pregnant women
	p_AC
	60
	18～100
	A.B21, 22



	NIPT performance
	
	
	
	

	Sensitivity, T21
	p_detect_N_21
	99.60
	94.7～100
	A.B4, 23



	False-positive rate, T21
	p_FPR_N_21
	0.06
	0～0.37
	A.B4, 13



	Prenatal screening uptake in women ≥”35 years-of-age”
	p_screen_N
	80
	47.80～100
	A.B11, 24


	Prenatal diagnostic uptake in NIPT－positive pregnant women
	p_AC_N
	100
	-
	-

	NIPT uptake in strategy E
	p_screen_N2
	80
	10～100
	A.B11



	NIPT uptake in STS－positive pregnant women
	p_screen_N3
	95
	10～100
	A.B25, 26



	Prenatal diagnostic uptake in women ≥”35 years-of-age”
	p_AC_1
	80
	3.42～100
	B ADDIN EN.CITE 
27-29



	The rate of procedural related losses from invasive testing
	p_miscarriage
	0.81
	0.30～1.08
	A.B15, 30



	Termination rate of pregnancy for T21
	RP_21
	95
	0.92～1.00
	A.B31



	the rate of spontaneous abortion
	p_natural
	4.26
	0.16～12.20
	A.B32




STS, second-trimester screening; NIPT, noninvasive prenatal screening. *Data sources：A means data from local official statistics；B means data from references.

Table 2.  Costs used in the decision-analytic model.

	Parameter
	Parameter name
	Base value (USD)
	Range (USD)
	Data sources*

	Direct medical costs
	
	
	
	

	Registration fee
	c_register
	1.74
	1.21~2.27
	A. B

	Cost of STS
	c_screen
	36.27
	30.22~45.34
	A. B

	Cost of NIPT
	c_screen_N
	112.58
	45.34~241.79
	A. B

	Cost of genetic counseling
	c_consult
	1.74
	1.21~2.27
	A. B

	Cost of invasive diagnosis
	c_AC
	140.54
	99.74~181.34
	A. B

	Cost of pregnancy termination
	c_termination
	423.13
	377.79~453.35
	A. B

	Cost of procedural related losses
	c_abortion
	528.91
	453.35~604.47
	A. B

	Cost of natural labor
	c_natural
	1133.38
	755.58~1511.17
	A. B

	Direct non-medical costs
	
	
	
	

	Lost earning for pregnant women- during screening
	c_lost1
	13.23
	5.79~26.97
	A

	Transportation cost - during screening
	c_traffic1
	3.63
	0.00~226.68
	A.

	Cost of inpatient care and accommodation- during screening
	c_CA1
	17.05
	0.00~117.64
	A.

	Lost earning for pregnant women- during diagnosis
	c_lost2
	13.23
	5.79~26.97
	A

	Transportation cost - during diagnosis
	c_traffic2
	9.52
	0.15~75.56
	A.

	Cost of inpatient care and accommodation - during diagnosis
	c_CA2
	23.53
	0.00~178.09
	A.

	Transportation cost - during pregnancy termination
	c_traffic3
	7.76
	0.00~302.23
	A.

	Cost of inpatient care and accommodation - during pregnancy termination
	c_CA3
	79.43
	0~135.23
	A.


STS, second-trimester screening; NIPT, noninvasive prenatal screening. *Data sources：A means data from local official statistics; B means data from expert consultation.
Table 3. Input variables and distributions for Monte Carlo simulation in Treeage Pro

	Input variables
	Param 1
	Param 2
	Param 3
	Param 4
	Distribution type

	Probabilities
	
	
	
	
	

	p_AC
	mean = 0.4
	α = 0.79
	β= 1.19
	-
	beta(α, β)

	p_detect_21
	mean = 0.79
	α = 52.42
	β=13.94
	-
	beta(α, β)

	p_detect_N_21
	mean = 0.996
	α =31.74
	β=0.61
	-
	beta(α, β)

	p_screen
	mean =0.63
	α =0.91
	β=0.75
	-
	beta(α, β)

	p_screen_N
	mean =0.75
	α =3.04
	β=1.01
	-
	beta(α, β)

	p_screen_N2
	mean =0.63
	α =0.96
	β=0.56
	-
	beta(α, β)

	RP_21
	mean =0.96
	α =40.96
	β=1.71
	-
	beta(α, β)

	Cost (USD)
	
	
	
	
	

	c_screen
	min =30.22
	mode = 36.27
	max = 45.34
	-
	Triangular distribution

	c_screen_N
	min = 45.34
	mode = 112.58
	max = 241.79
	-
	Triangular distribution

	c_termination
	low = 377.79
	high = 453.35
	-
	-
	Uniform distribution

	c_abortion
	low =453.35
	high = 604.47
	-
	-
	Uniform distribution

	c_AC
	low =99.74
	high = 181.34
	-
	-
	Uniform distribution

	c_consult
	mean = 1.74
	γ = 0.94
	α= 10.80
	-
	γ + gamma(α, β)


Table 4.  Outcomes of each strategy

	Screening and diagnosis strategy
	Strategy A
	Strategy B
	Strategy C
	Strategy D
	Strategy E

	Number of DS cases detected
	25.33
	33.71
	44.46
	44.40
	56.77

	Number of live birth DS cases
	49.67
	41.29
	30.54
	30.60
	18.23

	Number of spontaneous abortions
	4,618.09
	4,615.68
	4,615.78
	4,617.82
	4,617.20

	Number of procedural related losses (PRL)
	14.79
	58.09
	44.63
	0.42
	0.87

	Number of live birth healthy fetus
	95,292.13
	95,251. 23
	95,264.60
	95,306.76
	95,306.93

	Total
	100,000.00
	100,000.00
	100,000.00
	100,000.00
	100,000.00


Table 5.  Cost-effectiveness analysis results
	Economic analysis
	Strategy A
	Strategy B
	Strategy C
	Strategy D
	Strategy E

	Cost (USD)
	5,824,980.26
	6480590.63
	6,550,218.73
	6,313,958.33
	1,193,0795.60

	Effectiveness
	25.33
	33.71
	44.46
	44.40
	56.77

	C/E
	229,963.69
	192,245.35
	147,328.36
	142,206.27
	210,160.22

	Incremental cost (USD)
	-
	655,610.37
	725,238.47
	488,978.07
	610,5815.34

	Incremental effectiveness
	-
	8.38
	19.13
	19.07
	31.44

	ICER
	-
	78,235.13
	37,911.05
	25,641.22
	194,205.32


ICER, incremental cost-effectiveness ratio
 PAGE 


