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Abstract
Background
Non-invasive prenatal testing (NIPT) using cell-free fetal DNA in maternal plasma is a high accurate test for prenatal screening for Down syndrome. Although it has been reported to be cost effective as a contingent test, evidence about its budget impact is lacking.

Objective
To evaluate, using computer simulations, the budget impact of implementing NIPT as a contingent test in the Quebec Program of screening for Trisomy 21.

Methods
A semi-Markov analytic model built to simulate the budget impact of implementing NIPT into the current Quebec Trisomy 21 public Prenatal Screening, Serum Integrated prenatal screening (SIPS). Comparisons were made for a virtual population similar to that of expected Quebec pregnant women in 2015 in terms of size and age. Data input parameters were retrieved from a thorough literature search and in government databases, especially data from Quebec Program of screening for Trisomy 21. The 2015–2016 fiscal year budget impact was estimated from the Quebec healthcare system perspective and was expressed as the difference in the overall costs between the two alternatives (SIPS minus SPS + NIPT).

Results
Our study found that, at a baseline cost for NIPT of CAD$ 795, NIPT as a second-tier test offered to high-risk women identified by current screening program (SIPS + NIPT) may be affordable for Quebec health care system. Compared to the current screening program, it would be implemented at a neutral cost, considering a modest annual savings of $ 80,432 (95% CI $ 79, $ 874–$ 81,462). Results were sensitive to the NIPT costs and the uptake-rate of invasive diagnostic tests.

Conclusion
Introducing NIPT as a contingent test in the Quebec Trisomy 21 screening program is an affordable strategy compared to the current practice. Further research is needed to confirm if our results can be reproduced in other healthcare jurisdictions.
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Introduction
Noninvasive prenatal testing (NIPT) using cell-free fetal DNA (cffDNA) circulating in maternal blood is a highly accurate screening test for Down syndrome (DS) and two other common aneuploidies, namely Trisomy 18 (T18) and Trisomy 13 (T13), both in high risk and in general populations of pregnant women [1, 2]. Its detection rates (DR) are around 99% for DS, 97% for T18 and T13 whereas the false positive rate (FPR) is about 0.1% for these aneuploidies [1, 2]. Therefore, NIPT provides an opportunity to improve aneuploidy detection and to reduce the use of invasive diagnostic procedures as well as their related miscarriages. Several studies have effectively suggested that the introduction of NIPT has led to a significant reduction of invasive diagnostic procedures compared to current screening practice [3–6].
In Quebec, the Quebec Ministry of Health and Social Services published the framework of a fully reimbursed Prenatal Screening Program for Trisomy 21 in 2011. The objective of this program is to provide to all pregnant women, regardless of age, a prenatal screening for Trisomy 21 within the public health insurance scheme [7]. Quebec’s Health Insurance Plan is a public plan that gives all Quebecers access to free health care by covering a wide range of medical care, including almost all medically necessary care provided by a family doctor, a general practitioner or a specialist. The plan is managed by the Régie de l’assurance maladie du Québec (health insurance board), also known as the “RAMQ”.
The screening program offers the serum integrated screening approach (SIPS) which consists of the integration of biological measurements performed at two periods of a pregnancy: first trimester pregnancy-associated plasma protein A (PAPP-A) and second trimester quad markers in two separate blood tests. Quad markers include alpha-fetoprotein (AFP), unconjugated estriol (uE3), human chorionic gonadotropin (hCG) and inhibin-A. The first blood test is collected between 9 and 13 + 6 weeks (best at 10–11 + 6 weeks) and the second between 14 and 20 + 6 weeks (best at 15–16 weeks). Then, with combination of maternal age, a single result is computed with a trisomy 21 risk cut-off of 1 in 3007 and amniocentesis as confirmatory invasive test is scheduled at 16 weeks for those with a positive screen (risk ≥ 1/300). The program recommends also, when available, the integration of nuchal translucency measurements results in the risk calculation. The Quebec screening program for trisomy 21 is only indicated for woman with singleton pregnancy. The prenatal screening and follow-up for woman with multiple pregnancy is left to the judgement of doctors. In addition, according to the recommendations of the Society of Obstetricians and Gynecologists of Canada (SOGC) [8], the Quebec program does not recommend an invasive prenatal diagnosis (e.g. amniocentesis) based solely on age in the absence of screening results.
A recent evaluation of this program found that about 4.5% of pregnant women who participated in the screening program have positive results, the majority being false positives. This high rate of false positive results leads to a high number of unnecessary amniocenteses [9]. Having highly accurate non-invasive prenatal screening test such as NIPT is therefore of interest for the program. Nevertheless, in the context of limited resources, decision-makers need information on health economic aspects (cost-effectiveness and budget impact analysis) of NIPT before considering its implementation into a universal prenatal screening program.
Among the heterogeneity of cost-effectiveness results on NIPT compared to current screening practice, there are several studies that suggest that the NIPT as a contingent test is likely to be cost effective [10–20]. Besides, the society of obstetricians and gynaecologists of Canada recommends the use of NIPT for women at high risk of Down’s syndrome before proceeding to an invasive confirmation tests [21]. Yet, a budget impact analysis is still needed. This necessary information in support of the decisions to make regarding the relevance and sustainability of introduction NIPT as a contingent test in the Quebec prenatal screening for trisomy 21 and its reimbursement by the public health system is still lacking.
Methodology
Model overview
A semi-Markov agent-based analytic model using the Clumeq supercomputer network-running SCHNAPS platform simulator [22–24] was built to simulate the budget impact of implementing NIPT into the current Quebec Prenatal Screening program for trisomy 21. A virtual cohort of pregnant women similar to that of Quebec in 2015 in terms of age and pregnancy rate by age was constructed. Each fetus was assigned a Down syndrome status (yes or no) based on maternal-age-specific risk in the first trimester of pregnancy [25, 26] at the beginning of prenatal screening (12 weeks of pregnancy). Our microsimulation allows each woman to be followed in the model on a weekly cycle’s basis during pregnancy up to birth in order to well take into account the risks of spontaneous losses and voluntary induced abortion. Indeed, clinical evidence have shown that the risk of spontaneous pregnancy loss is higher in the first trimester than in the second and in third trimester [27–31]. In addition, in Quebec, the proportion of voluntary induced abortion are high ranging between 20 and 25% of all pregnancies.
The 2015–2016 fiscal year budget impact was estimated from the Quebec healthcare system perspective. As suggested by the budget impact analysis principles of good practice [24], only undiscounted directs costs were considered. The budget impact was expressed as the difference between the two alternatives (SIPS minus SIPS + NIPT). Although costs could be disaggregated into various components (screening, invasive diagnostic tests and other costs) it is the overall cost that was considered as the principal outcome.
Model decision structure
The simplified decision model is depicted in Fig. 1. To simplify the model, we made some assumptions:[image: ../images/12962_2020_245_Fig1_HTML.png]
Fig. 1Simplified decision model of current screening practice and Contingent NIPT (NIPT following a risk positive current screening practice)

	The model considers only prenatal screening for singleton pregnancies as recommended in Quebec.

	Pregnant women who decline prenatal screening follow the natural course of pregnancy.

	As the DS risk calculation is scheduled in the second trimester of pregnancy (after QUAD test), amniocentesis was considered as the only invasive test used by the Quebec prenatal screening for DS. Its sensitivity and specificity were considered as 100%.

	Pregnant women who decline diagnostic testing (amniocentesis) after positive results from current prenatal screening or contingent NIPT follow the natural course of pregnancy.

	As we assumed that cost of pregnancy follow-up does not differ between screening strategies compared, only costs related to screening and diagnosis as well as their short-term consequences were considered.

	The pregnant women would comply with the scheduled second trimester QUAD test unless their pregnancy was terminated (voluntary induced abortion or spontaneous loss).

	Genetic counselling is offered to all pregnant women with confirmed DS after screening and diagnostic.

	All pregnant women with a failure NIPT test result are retested.




Two screening pathways, namely current practice (SIPS) and Contingent NIPT (SIPS + NIPT) are compared. In the “Current practice” pathway, a pregnant woman has a probability of accepting or declining the screening offer. For women who accept, a screening by SIPS is positive if DS risk is ≥ 1/300. Then, the model assigns to the pregnant woman a probability to undertake a diagnostic invasive test (amniocentesis) to which is associated a risk of procedure-related fetal loss or amniotic fluid leakage. If the result of the invasive test is positive, the woman can decide to terminate or not her pregnancy.
In the “Contingent NIPT” pathway, a pregnant woman has also a probability of accepting or declining the screening offer. For women who accept, the SIPS is offered. If the risk is ≥ 1/300, NIPT test is proposed. The pregnant woman has a probability to accept or to decline NIPT. For those who accept NIPT, if the test result is positive, the model assigns to the pregnant woman a probability to undertake a diagnostic invasive test (amniocentesis) to which is associated a risk of procedure-related fetal loss or amniotic fluid leakage. If the result of the invasive test is positive, the woman can decide to terminate or not her pregnancy. The model assumes that if the result of NIPT test is negative, there is no further testing. In addition The model takes into account the probability of NIPT failure [32] and thus the possibility of NIPT retest.
Input parameters
Population and events probabilities
Population and events probabilities data are presented in Table 1. A virtual population of 15–49 years old singleton pregnant women was generated and calibrated using Quebec statistics data [33, 34]. This population is followed weekly by taking into account the risks of spontaneous losses and voluntary pregnancy termination [27–31] as well as the age-specific risk of DS [25, 26]. Input data used are based on the Prenatal Screening Program of Quebec for trisomy 21 data [9] and on published sources. Following events were considered: consent to participate in aneuploidy prenatal screening program [9]; performance of screening tests [1, 2, 35–37]; consent to NIPT after a positive screening result with current approaches [38]; NIPT failure rates [32]; consent to undergo invasive testing [9] procedure-related loss (risk of miscarriage after amniocentesis) [39]; amniotic fluid leakage [40] and termination of pregnancy when DS is confirmed [41, 42].Table 1Input model parameters


	Parameter
	Baseline
	Values for sensitivity analysis
	Source

	Population

	 Number of singleton pregnant women 15–49 years
	111,752
	111,003–113,134
	Generated and calibrated using [1, 2]

	 Down syndrome risk by maternal age
	0.10 to 6.6%
	 	[3]

	 Voluntary induced abortion risk in Quebec
	23% (90% in first trimester and 10% in second trimester)
	 	[4]

	 Spontaneous fetal loss risk, unaffected pregnancies
	13.5%
	 	[5]

	 Spontaneous fetal loss risk, DS affected pregnancies
	Week 10: 36%; week 12: 30%; week 14: 25%; week 16: 21%
	 	[3, 6]

	Uptake rates

	 Current practice
	50%
	50–90%
	[7]

	 NIPT
	90%
	70–95%
	[8, 9]

	 Amniocentesis
	90%
	70–95%
	[10, 11]

	 Termination of pregnancy, DS confirmed
	90%
	50–100%
	[10, 11]

	Screening performances and outcomes

	 Current screening practice

	  Detection rate
	85%
	75–90%
	[12]

	  False positive
	3.3%
	2.5–5%
	[7]

	 NIPT

	  Detection rate
	99.9%
	 	[13, 14]

	  False positive rate
	0.1%
	 
	 Failure rate of NIPT testing
	2%
	0–4%
	[15]

	 Fetal loss from amniocentesis
	0.11%
	0.05–1%
	[16]

	 Amniotic fluid leakage
	1%
	0.5–2%
	[17]




Costs
Costs were estimated in Canadian dollars for the fiscal year 2015–2016. They are presented in Table 2. All costs reflect the direct healthcare costs from the perspective of the Quebec public healthcare system. Cost components included costs of services associated with DS screening (genetic counseling, screening and invasive tests) and of medical services related to the following events: procedure-related loss (risk of miscarriage after amniocentesis); rupture of membranes with amniotic fluid leakage; termination of pregnancy in case of DS. One-time costs related to the implementation of NIPT were not considered for two reasons: (1) we considered a price for commercial kits which already take into account the investment incurred; (2) its introduction as a contingent test allows it to easily integrate and use the resources (human and material) of the existing prenatal screening program.Table 2Unit costs (CAD$)


	Items
	Baseline unit cost (CAD$)
	Values for sensitivity analyses
	Source

	Current screening practice
	108.60
	 	[14, 42, 46]

	NIPT (including interpretation)
	795
	100–1000
	[19, 48]

	Amniocentesis (including karyotype and its interpretation)
	864.39
	600–1000
	[14, 42, 47]

	Genetic counselling
	138.636
	 	[14]

	Program administration
	18.07
	 	[14, 45, 49]

	Termination of pregnancy in case of confirmed DS
	1,632,48
	 
	Amniocentesis related loss
	291,900
	 
	Hospitalization after amniotic fluid leakage related to amniocentesis
	297,100
	 



All unit prices were Quebec public provincial average prices calculated from governmental databases. Unit prices for clinical activity centers were calculated using the 2015–2016 Annual financial reports of four hospitals involved in T21 screening in Quebec (CHU de Québec, CHU de Sherbrooke, Centre universitaire de santé McGill and CHU Sainte Justine) [43]. In the Quebec healthcare system, unit prices are based on the NIRRU–Niveau d’intensité relative des ressources utilisées (relative intensity level of resources used that is attributed to each type of medical procedure but exclude medical fees. An overhead premium was added to all unit prices in order to capture the costs of the ancillary activity centers (e.g. laundry services, archives, etc.) which support all clinical units in the hospital. The overhead was calculated using direct method i.e. the share of ancillary services allocated to a clinical activity center is proportional to the weight of this clinical center in the hospital [44]. For NIPT, we considered a price of CAD$ 795 per test [14, 20] in the base case analyses but a wide range of prices were used in sensitivity analyses. The lowest price considered for this test was 100 CAD$. Medical fees related to medical interventions and genetic counselling were the cost paid by the provincial public health insurance, the Régie d’assurance maladie du Québec (RAMQ) [45]. The “All Patient Refined Diagnosis Related Groups” (APR-DRG) database was used to calculate the average price of the hospital resources consumed by a pregnant woman who required a hospitalization [46].
Sensitivity analyses
As suggested by the principles of good practice for budget impact analysis [24], we performed the scenario analyses by changing selected key input parameters in order to produce plausible alternative scenarios. The univariate sensitivity analyses were performed with parameters that were considered to possibly influence the difference of costs between the Contingent NIPT option and the current screening practice. These parameters are: current practice screening uptake (50–90%), probability of positive screen following current screening practice (2.6–5%), invasive testing uptake (70–95%), NIPT uptake (70–95%), invasive testing price ($ 600–$ 1000), and NIPT price ($ 100–$ 1000). The model also tested the scenario of offering the choice between contingent NIPT and the direct invasive test after a positive screen (risk ≥ 1/300), a scenario observed in UK where 20% of pregnant women with positive screen prefer undergoing directly to invasive test [38].
Simulation and validation
The model was validated and calibrated using Bayesian methods by Markov Chain Monte Carlo (MCMC) simulations [47, 48]. Simulations for each option were repeated 1000 times, each time on a newly generated (i.e., different) independent virtual population. Validation was performed by comparing the results with expected published or assumed values. As example, our model predicted 111,752 pregnancies (95% CI 111,003–113,134) corresponding to a pregnancy rate of 5.95% (95% CI 5.9–6.1%) which is very close to what was expected (i.e. pregnancy rate of 6%) closer to that observed in last years [9].
Results
In the base case scenarios where NIPT test cost is set at CAD$ 795 and first screening step (SIPS) uptake is 50% as well as a NIPT uptake of 90%, the NIPT as second tier option (Contingent NIPT) comes out as a cost neutral or cost-saving screening strategy compared to the current screening approach (SIPS) for DS. Indeed, results suggest that in population of singleton pregnant women of 111,752 individuals (95% CI 111,003–113 134), replacing the current DS screening strategy by the contingent NIPT screening strategy would allow a minor saving of 1.6% or $ 80,432 (95% CI $ 79,874–$ 81,462) (Table 3).Table 3Budget impact analysis of Contingent NIPT(SIPS + NIPT) compared to current screening practice (SIPS): baseline results


	Items
	Number of procedures
	Costs (CAD$)
	Costs difference (Contingent NIPT minus Current practice)

	Current practice (SIPS)
	Contingent NIPT (SIPS + NIPT)
	Current practice (SIPS)
	Contingent NIPT (SIPS + NIPT)

	Screening tests

	 SIPS
	41,904
	41,904
	4,550,887
	4,550,887
	$ 0

	 NIPT
	0.00
	1809
	0
	1,437,863
	$ +1,437,863

	Total for screening tests
	4,550,887
	5,988,750
	$ +1,437,863

	Invasive tests (Amniocentesis and karyotype)
	1773
	103
	1,532,710
	89,420
	$ −1,443,290

	 Other procedures

	  Genetic counselling
	114
	101
	15,777
	14,049
	$ −1728

	  Procedure related loss
	2
	0.1
	5693
	332
	$ −5361

	  Hospitalization for amniotic fluid leakage
	18
	1
	52,681
	3073
	$ −49,607

	  Termination of pregnancy (Confirmed DS)
	102
	91
	167,199
	148,890
	$ −18,309

	  Program administration
	41,904
	41,904
	757,339
	757,339
	$ 0

	Total for other procedures
	998,688
	923,683
	$ −75,005

	Overall
	7,082,285
	7,001,853
	$ −80,432
95% CI ($ −81,462 to $ −79,874)




The results of the sensitivity analyses show that the Contingent NIPT screening strategy remains cost-saving or cost-neutral except when the cost and the uptake of invasive testing (amniocentesis) are low or when the cost of NIPT is high (Table 4). The two strategies have a quite similar cost under conditions where 72.5% of women with current practice positive screen choose NIPT and 20% choose direct invasive testing (Fig. 2). When the cost of NIPT is further lowered, the net savings from Contingent NIPT become substantial (up to 20% or 1.4 million CAD$), especially if the possibility of choosing direct invasive testing i.e. without a prior NIPT) was not offered (Fig. 2).Table 4Marginal costs between contingent NIPT vs current practice by varying key input parameters: univariate sensitivity analyses results


	Parameter
	Value
	Total costs current practice (CAD$)
	Total costs Contingent NIPT (CAD$)
	Costs difference (Contingent NIPT minus Current practice) ($)

	Cost NIPT
	1000
	7,082,285
	7,372,622
	290,337

	100
	7,082,285
	5,744,853
	−1,337,432

	Cost amniocentesis
	1000
	7,322,744
	7,015,881
	−306,863

	600
	6,613,477
	6,974,502
	361,025

	Positive screen SIPS
	5%
	7,360,645
	7,007,644
	−353,00

	2,50%
	6,455,110
	6,987,523
	532,413

	Amniocentesis uptake
	95%
	7,167,436
	7,003,767
	−163,669

	60%
	6,571,382
	6,993,807
	422,425

	NIPT uptake
	95%
	7,082,285
	7,086,891
	4606

	60%
	7,082,285
	6,491,623
	−59,066

	Screening participation uptake
	90%
	8,960,783
	8,832,034
	−128,749

	40%
	6,612,494
	6,544,141
	−68,353



[image: ../images/12962_2020_245_Fig2_HTML.png]
Fig. 2Marginal costs between contingent NIPT (with or without direct invasive testing) vs current practice by varying NIPT unit cost


Discussion
The objective of the present study was to evaluate the budgetary impact of introducing NIPT as a contingent test in the Quebec Trisomy 21 screening program. We evaluated the budget impact to support of the decisions to make regarding the relevance and sustainability of introduction NIPT as a contingent test in the Quebec prenatal screening for trisomy 21. Indeed, some studies have reported that cost-effectiveness projects can have little influence on the healthcare decision-making process [49]. This is explained by the fact that economic evaluations, especially cost-effectiveness and cost-utility analyses, tend to focus on the relative efficiency of the new intervention compared to its comparator and not on budget impact. Budget impact analyses have emerged as a useful tool to answer this problem, as they focus on the question of affordability of the new intervention compared to the cost of the comparator. They therefore provide valuable additional information to decision-makers who are budget holders [50].
To our knowledge, this is one of the few to report a budget impact analysis of the introduction of NIPT as a contingent test into a national DS screening program in Canada. Previous studies mainly consisted of cost-effectiveness studies [10–20, 51].
Our results show that the Contingent NIPT is a cost-saving or a cost-neutral option. This result is explained by the fact that the additional costs due to NIPT are compensated by the savings due to reduction of the number of invasive tests (see Table 4). Reducing further the cost of NIPT obviously increases the savings in the screening strategy involving NIPT (Fig. 2). However, when the cost of the invasive test is lower than the cost of NIPT, the contingent NIPT option becomes more costly than the current practice.
Considering that previous studies performed on NIPT have not focused on budget impacts but on the cost-effectiveness, the comparison with other studies is limited. However, our results provide an additional argument in favor of introducing NIPT as a contingent test in in national DS screening programs.
This study has some limitations. First, although decision analytical model and simulations are useful tools that can contribute to clarifying the expected costs and benefits of the interventions, a certain simplification of the reality is needed, and assumptions had to be made on the model parameters. For this, data from the Quebec heath care system of from the review of the literature were used but for some. E.g. assumptions had to be made regarding the uptake rate of NIPT as this technology is not yet implemented into universal screening programs. Data used had to be taken from proxies. We cannot guarantee that in the real life, the same percentage would have been observed. However, we believe that the extensive sensitivity analyses done in this study allowed us to handle this issue.
The second limitation is related to the costs included in our analyses. Indeed, the one-time costs for investment and the implementation of NIPT were excluded and only direct costs related to the screening and diagnosis as well as their short-time consequences were included on basis of the duration time of pregnancy. The total costs of the Contingent NIPT option might therefore be higher than of the cost of the current practice option in the first years of its implementation. However, as stated in “Methodology” section, in our analysis, we considered a high cost equivalent to that of commercial kits which already consider the investment incurred. Also, as its introduction as a contingent test allows it to be easily integrated and use the resources (human and material) of the existing prenatal screening program, we believe that this extra cost could be compensated by resources devoted to cytologist services that could be released as the need for prenatal cytogenetics will continue to fall with the reduction of invasive procedures.
Despite these limitations, this study suggests that introducing NIPT as a contingent test in the Quebec Trisomy 21 screening program is an affordable strategy compared to the current practice. Beside this affordability, one should note that it can be easily implemented in clinical practice as an add-on to the current Quebec practice (PAPP-A in the first trimester and hCG, AFP, uE3 and inhibin A in second trimester screening) for better selecting pregnant women who should undergo invasive test.
Finally, one should stress the fact that our results apply to the Quebec healthcare system (a quasi-exclusive public healthcare system). They might not be generalizable to other settings. Further research is needed to confirm if our results can be reproduced in other healthcare jurisdictions. However, some of our sensitivity analyses provide estimates of how NIPT could impact other jurisdictions since pregnancy trajectories are similar.
Acknowledgements
Not applicable.

Authors’ contributions
NL: Conception, design. FR, DR: Validation of design. JAB: simulations. NL: drafting the article. DR, FR: critically revising of the article. All authors read and approved the final manuscript.

Funding
The work having led to this manuscript was supported by fellowships from PEGASUS projects (http://​pegasus-pegase.​ca/​) funded by Genome Canada and the Canadian Institutes for Health Research, and from the FRQS via MSSS/FRQS/CHUQ Research Chair in Health Technology Assessment and Evidence-based Laboratory Medicine held by FR.

Availability of data and materials
Authors confirm that all relevant data are included in the article.

Ethics approval and consent to participate
Ethical approval was not required since this is model-based budget impact study. Data used to compute the model were retrieved from publicly available sources listed in Tables 1 and 2.

Consent to publish
Not applicable.

Disclosure/competing interests
Two authors (FR, DR) are investigators in a Research Project (PEGASUS, http://​pegasus-pegase.​ca/​) funded by Genome Canada and the Canadian Institutes for Health Research (both non-for-profit organizations funded by the Canadian government). However, this RFA required some mandatory in-kind contributions from other partners. This Research Project thus receives in-kind contributions from private corporations which either offer commercial NIPT tests (Ariosa Diagnostics Inc, San Jose, CA) or offer reagents and equipment that can be used to perform NIPT assays (Life Technologies Inc, NY, USA; Illumina, San Diego, CA, USA; QIAGEN, Hilden, GER; Perkin Elmer, Waltham, MASS, USA). This funding is at arm’s length from the scientific components of the Research Project. Other authors (NL, JAB) have no conflict of interests.


References
	1.
Gil MM, Quezada MS, Revello R, Akolekar R, Nicolaides KH. Analysis of cell-free DNA in maternal blood in screening for fetal aneuploidies: updated meta-analysis. Ultrasound Obstet Gynecol. 2015;45(3):249–66.

	2.
Taylor-Phillips S, Freeman K, Geppert J, Agbebiyi A, Uthman OA, Madan J, Clarke A, Quenby S, Clarke A. Accuracy of non-invasive prenatal testing using cell-free DNA for detection of Down, Edwards and Patau syndromes: a systematic review and meta-analysis. BMJ Open. 2016;6(1):e010002.

	3.
Warsof S, Larion S, Abuhamad AZ. Overview of the impact of noninvasive prenatal testing on diagnostic procedures. Prenat Diagn. 2015;35:972–9.

	4.
Friel L, Czerwinski J, Singletary C. The impact of non-invasive prenatal testing on the practice of maternal fetal medicine. Am J Perinatol. 2014;31(9):759–64.

	5.
Chetty S, Garabedian MJ, Norton ME. Uptake of noninvasive prenatal testing (NIPT) in women following positive aneuploidy screening. Prenat Diagn. 2013;33:542–6.

	6.
Fairbrother G, Johnson S, Musci TJ. Song K Clinical experience of noninvasive prenatal testing with cell-free DNA for fetal trisomies 21, 18, and 13, in a general screening population. Prenat Diagn. 2013;33:580–3.

	7.
MSSS. Programme québécois de dépistage de la trisomie 21: Cadre de référence. Quecec: Gouvernement du Quebec; 2011.

	8.
Chitayat DLS. Wilson RD Prenatal screening for fetal aneuploidy in singleton pregnancies. J Obstet Gynaecol Can. 2011;33(7):736–50.

	9.
MSSS. Résultats au regard de l’implantation du Programme québécois de dépistage prénatal de la trisomie 21. Gouvernement du Quebec. Québec: La Direction des communications du ministère de la Santé et des Services sociaux 2015.

	10.
Ayres A, Whitty JA, Ellwood DA. A cost-effectiveness analysis comparing different strategies to implement noninvasive prenatal testing into a Down syndrome screening program. Aust N Z J Obstet Gynaecol. 2014;54(5):412–7.

	11.
Benn P, Curnow KJ, Chapman S, Michalopoulos SN, Hornberger J, Rabinowitz M. An economic analysis of cell-free DNA non-invasive prenatal testing in the US general pregnancy population. PLoS ONE. 2015;10(7):e0132313.

	12.
Beulen L, Grutters JP, Faas BH, et al. The consequences of implementing non-invasive prenatal testing in Dutch national health care: a cost-effectiveness analysis. Eur J Obstet Gynecol Reprod Biol. 2014;182:53–61.

	13.
Fairbrother G, Burigo J, Sharon T, Song K. Prenatal screening for fetal aneuploidies with cell-free DNA in the general pregnancy population: a cost-effectiveness analysis. J Matern Fetal Neonat Med. 2015;29(7):1160–4.

	14.
Okun N, Teitelbaum M, Huang T, Dewa CS, Hoch JS. The price of performance: a cost and performance analysis of the implementation of cell-free fetal DNA testing for Down syndrome in Ontario, Canada. Prenat Diagn. 2014;34(4):350–6.

	15.
O’Leary P, Maxwell S, Murch A, Hendrie D. Prenatal screening for Down syndrome in Australia: costs and benefits of current and novel screening strategies. Aust N Z J Obstet Gynaecol. 2013;53(5):425–33.

	16.
Song K, Musci TJ, Caughey AB. Clinical utility and cost of non-invasive prenatal testing with cfDNA analysis in high-risk women based on a US population. J Matern Fetal Neonat Med. 2013;26(12):1180–5.

	17.
Walker BS, Nelson RE, Jackson BR, et al. A cost-effectiveness analysis of first trimester non-invasive prenatal screening for fetal trisomies in the United States. PLoS ONE. 2015;10(7):e0131402.

	18.
Morris S, Karlsen S, Chung N, et al. Model-based analysis of costs and outcomes of non-invasive prenatal testing for Down’s syndrome using cell free fetal DNA in the UK National Health Service. PLoS ONE. 2014;9(4):e93559.

	19.
Neyt M, Hulstaert F, Gyselaers W. Introducing the non-invasive prenatal test for trisomy 21 in Belgium: a cost-consequences analysis. BMJ Open. 2014;4(11):e005922.

	20.
IHE(Alberta). First and second trimester prenatal screening update 2014.

	21.
Langlois S, Brock JA, Wilson RD, Audibert F, Brock JA, Carroll J, Cartier L, Gagnon A, Johnson JA, Langlois S, Macdonald W, Murphy-Kaulbeck L, Okun N, Pastuck M, Senikas V. Current status in non-invasive prenatal detection of Down syndrome, trisomy 18, and trisomy 13 using cell-free DNA in maternal plasma. J Obstet Gynaecol Can. 2013;35(2):177–83.

	22.
Durand A, Gagné C, Nshimyumukiza L, Gagnon M, Rousseau F, Giguère Y, Reinharz D. Population-based simulation for public health: generic software infrastructure and its application to osteoporosis. IEEE Trans Syst Man Cybern Part A Syst Hum. 2012;42(6):1396–409.

	23.
Durand D, Gagné C, Gardner M-A, Rousseau F, Giguère Y, Reinharz D. SCHNAPS: a generic population-based simulator for public health purposes. Ottawa: Summer Computer Simulation Conference; 2010. p. 182–7.

	24.
Sullivan S, Mauskopf JA, Augustovski F, Jaime Caro J, Lee KM, Minchin M, Orlewska E, Penna P, Rodriguez Barrios JM, Shau WY. Budget impact analysis-principles of good practice: report of the ISPOR 2012 Budget Impact Analysis Good Practice II Task Force. Value Health. 2014;17(1):5–14.

	25.
Snijders RJ, Holzgreve W, Cuckle H, Nicolaides KH. Maternal age-specific risks for trisomies at 9-14 weeks’ gestation. Prenat Diagn. 1994;14(7):543–52.

	26.
Snijders R, Sundberg K, Holzgreve W, Henry G, Nicolaides KH. Maternal age- and gestation-specific risk for trisomy 21. Ultrasound Obstet Gynecol. 1999;13(3):167–70.

	27.
Institut de la Statistique du Quebec. Taux d’interruption volontaire de grossesse et de stérilisation par groupe d’âge, 1976-2011. ISQ, 2011. Quebec: Gouvernement du Québec; 2011.

	28.
Korenromp M, Page-Christiaens GC, van den Bout J, Mulder EJ, Visser GH. Adjustment to termination of pregnancy for fetal anomaly: a longitudinal study in women at 4, 8, and 16 months. Am J Obstet Gynecol. 2009;201(2):160.e161–7.

	29.
Morris J, Savva GM. The risk of fetal loss following a prenatal diagnosis of trisomy 13 or trisomy 18. Am J Med Genet Part A. 2008;146(7):827–32.

	30.
Nybo Andersen AM, Wohlfahrt J, Christens POJ, et al. Maternal age and fetal loss: population based register linkage study. BMJ. 2000;320(7251):1708–12.

	31.
Savva GM, Morris JK, Mutton DE, et al. Maternal age-specific fetal loss rates in Down syndrome pregnancies. Prenat Diagn. 2006;26(6):499–504.

	32.
Yaron Y. The implications of non-invasive prenatal testing failures: a review of an under-discussed phenomenon. Prenat Diagn. 2016;36(5):391–6.

	33.
MSSS. Évolution du taux de grossesse (pour 1000 femmes), selon l’âge, Québec, 1995-1997 à 2007–2009. Quebec: MSSS. Gouvernement du Quebec; 2012.

	34.
Institut de la Statistique du Québec. Bilan démographique du Québec. 2014th ed. Quebec: Institut de la Statistique du Québec; 2014.

	35.
Wald NJ, Rodeck C, Hackshaw AK, Walters J, Chitty L, Mackinson AM. First and second trimester antenatal screening for Down’s syndrome: the results of the Serum, Urine and Ultrasound Screening Study (SURUSS). J Med Screen. 2003;10(2):56–104.

	36.
Bestwick JP, Huttly WJ, Wald NJ. Detection of trisomy 18 and trisomy 13 using first and second trimester Down’s syndrome screening markers. J Med Screen. 2013;20(2):57–65.

	37.
Wald NJ, Bestwick JP, Huttly WJ. Improvements in antenatal screening for Down’s syndrome. J Med Screen. 2013;66(4):1198–208.

	38.
Chitty LS, Wright D, Hill M, Verhoef TI, Daley R, Lewis C, Mason S, McKay F, Jenkins L, Howarth A, Cameron L, McEwan A, Fisher J, Kroese M, Morris S. Uptake, outcomes, and costs of implementing non-invasive prenatal testing for Down’s syndrome into NHS maternity care: prospective cohort study in eight diverse maternity units. BMJ. 2016. https://​doi.​org/​10.​1136/​bmj.​i3426.Crossref

	39.
Akolekar R, Beta J, Picciarelli G, Ogilvie C, D’Antonio F. Procedure-related risk of miscarriage following amniocentesis and chorionic villus sampling: a systematic review and meta-analysis. Ultrasound Obstet Gynecol. 2014. https://​doi.​org/​10.​1002/​uog.​14636.Crossref

	40.
Richter J, Henry A, Ryan G, DeKoninck P, Lewi L, Deprest J. Amniopatch procedure after previable iatrogenic rupture of the membranes: a two-center review. Prenat Diagn. 2013;33(4):391–6.

	41.
Gekas J, Durand A, Bujold E, et al. Cost-effectiveness and accuracy of prenatal Down syndrome screening strategies: should the combined test continue to be widely used? Am J Obstet Gynecol. 2011;204(2):175.e171–8.

	42.
Gekas J, Gagne G, Bujold E, Douillard D, Forest JC, Reinharz D, Rousseau F. Comparison of different strategies in prenatal screening for Down’s syndrome: cost effectiveness analysis of computer simulation. BMJ. 2009;338:b138.

	43.
MSSS. Rapports financiers annuels des établissements 2015–2016. Québec: MSSS, Gouvernement du Québec; 2016.

	44.
Drummond M, Sculpher MJ, Torrance G, O’Brien B, Stoddart G. Methods for the economic evaluation of Health Care Programmes. 3rd ed. Oxford: OUP; 2005.

	45.
Régie d’assurance maladie du Québec (RAMQ) Ddsàlcp. Manuel des médecins spécialistes Québec: Centre d’information et d’assistance aux professionnels 2016.

	46.
MSSS. Banque de données APR-DRG (All Patient Refined Diagnosis Related Groups). Québec: Ministère de la Santé et des Services Sociaux du Québec; 2013.

	47.
Welton NJ. Ades AE Estimations of Markov transition probabilities and rates from fully and partially observed data: uncertainty propagation, evidence synthesis and model calibration. Med Decis Making. 2005;25(6):633–45.

	48.
Vanni T, Karnon J, Madan J, White RG, Edmunds WJ, Foss AM, Legood R. Calibrating models in economic evaluation: a seven-step approach. Pharmacoeconomics. 2011;29(1):35–49.

	49.
van Velden ME, Severens JL, Novak A. Economic evaluations of healthcare programmes and decision making: the influence of economic evaluations on different healthcare decision making levels. Pharmaco Economics. 2005;23(11):1075–82.

	50.
Garattini L, van de Vooren K. Budget impact analysis in economic evaluation: a proposal for a clearer definition. Eur J Health Econ. 2011;12(6):499–502.

	51.
Kaimal AJ, Norton ME, Kuppermann M. Prenatal testing in the genomic age: clinical outcomes, quality of life, and costs. Obstet Gynecol. 2015;126(4):737–46.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/12962_2020_245_Fig1_HTML.png
Accept

Current screening (SIPS)

Pregnant woman

Decline

Contingent NIPT screening

(SIPS+NIPT)

Decline

Fetal loss

—4

Pregnancy

terminatio

Invasive test

Risk 21/300

Pregnancy

No fetal loss
continuation

No invasive test

Fetal loss

Invasive test

Risk <1/300
NIPT positive

Risk 21/300 No invasive test

NIPT negative

No NIPT

Risk <1/300

Pregnancy

termination,

Pregnancy

continuation





OEBPS/navigation.xhtml

    
      Contents


      
        		Introducing cell-free DNA noninvasive testing in a Down syndrome public health screening program: a budget impact analysis


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/12962_2020_245_Fig2_HTML.png
Difference in costs (x 1 000 000 CADS)

0.5
0.3 A
0.1

-0.14
-0.34
-0.54
-0.74
-0.94
-1.14
-1.34

-1.5-

100 200 300 400 500 600

900 1000
NIPT unit cost (CADS)

= No direct invasive testing

== Direct invasive testing





OEBPS/css/sidebar.gif





