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The cost-effectiveness of Misoprostol versus PGE2 pessary Synopsis: We have shown disparate cost-effectiveness results between 25-μg vaginal misoprostol versus dinoprostone pessary according to the clinical outcome and the payer perspective.

Introduction

Induction of labor (IOL) is a common procedure, performed for approximately 40% of nulliparous and 30% of multiparous women [START_REF] Laughon | Induction of labor in a contemporary obstetric cohort[END_REF]. It is recommended for women with a medical indication and may be justified after 39 weeks of gestation to improve the safety for mothers as well as infants [START_REF] Rice | Labor induction versus expectant management in low risk nulliparous women[END_REF][START_REF] Marrs | Elective induction at 39 weeks of gestation and the implications of a large multicenter randomized controlled trial[END_REF].

At present, the drug of reference for induction is slow-release dinoprostone (PGE2) [START_REF] Fairclough | Vaginal prostaglandin (PGE2 and PGF2a) for induction of labour at term[END_REF].

In comparison, misoprostol, a synthetic analog of prostaglandin E1 (PGE1) is a less expensive, thermostable and easier-to-use drug. Misoprostol has been in use for several years and the optimal dose and route of administration have been widely studied [START_REF] Wing | A comparison of differing dosing regimens of vaginally administered misoprostol for pre-induction cervical ripening and labour induction[END_REF][START_REF] Wing | A comparison of orally administered misoprostol with vaginally administered misoprostol for cervical ripening and labor induction[END_REF]. Therefore, a low-dose by vaginal (25 μg) route is recommended as a first-line treatment for IOL by the American College of Obstetricians and Gynecologists (ACOG) [START_REF]Induction of labor. ACOG Practice Bulletin No. 107. American College of Obstetricians and Gynecologists[END_REF], the International Federation of Gynecology and Obstetrics [START_REF] Morris | FIGO's updated recommendations for misoprostol used alone in gynecology and obstetrics[END_REF], and the World Health Organization [9]. Economic data comparing vaginal misoprostol and dinoprostone are sparse and are based on extremely small studies. A 2003 RCT compared the efficacy and cost of misoprostol (i.e., 50 μg renewed 6 hours later) to those of dinoprostone (either in a 0.5mg gel renewed 6 hours later or a 10-mg slow-release pessary) and concluded that misoprostol was the most cost-effective strategy [START_REF] Ramsey | Comparative efficacy and cost of the prostaglandin analogs dinoprostone and misoprostol as labor preinduction agents[END_REF]. More recent studies from 2016 and 2017, in the US and Spain respectively, have shown cost saving results in favor of vaginal misoprostol in comparison to dinoprostone [START_REF] Nb Kunzier | A comparison of obstetrical outcomes and costs between misoprostol and dinoprostone for induction of labor[END_REF][START_REF] Duro-Gómez | What can we do to reduce the associated costs in induction of labour of intrauterine growth restriction foetuses at term? A cost-analysis study[END_REF]. Since 2018, misoprostol is no longer reimbursed in France and dinoprostone is the gold standard for IOL management.

The CYTOPRO (CYTOtec® vs PROpess®) trial was designed to test the hypothesis that 25-μg of vaginal misoprostol every four hours would not be inferior to a 10-mg slow-release dinoprostone pessary in terms of Cesarean Delivery (CD) rates. We hypothesized that vaginal misoprostol is cost-effective compared to dinoprostone and since this concerns a large population, it could provide substantial public health savings. The primary objective of this work was to assess the cost-effectiveness of misoprostol compared to dinoprostone using CD rates. In addition, we aim to use Vaginal Delivery rate within 24 hours (VD24) in a secondary analysis.

Methods

Study design and patients

The CYTOPRO trial was an open-label, multicenter, randomized, noninferiority trial conducted from September 2012 to June 2015 in four French centers and aimed to compare the efficacy and safety of intravaginal misoprostol (25 μg) every four hours to a 10-mg slow-release dinoprostone pessary (PGE2) [START_REF] Gaudineau | Induction of Labor at Term With Vaginal Misoprostol or a PGE2 Pessary: a Noninferiority RCT[END_REF]. Participating centers were public centers with two in the Paris area (Bicêtre and Poissy), one in Strasbourg and one in Toulouse, which all belong to the French Obstetrics and Gynecology Research Group. This study was supported by the French Ministry of health and was sponsored by the Toulouse University Hospital Center. Clinical data were prospectively collected while economic data where retrospectively collected using a claims database.

The study population was women aged of 18 years or older with a viable singleton fetus in cephalic presentation, a gestational age of 36 weeks or more, an unfavorable cervix (Bishop score ≤ 5), and ≤ 3 uterine contractions per 10 minutes, as recorded by electronic fetal monitoring (EFM) for 30 minutes on admission for a medically indicated IOL. Non-inclusion criteria included a previous CD, a history of myomectomy, suspected fetal distress on EFM on admission, unexplained bleeding, suspected chorioamnionitis, fetopelvic disproportion, estimated fetal weight > 4500 g, placenta previa, active herpes infection (primary infection or recurrence within 7 days), any known allergy or intolerance to prostaglandin agents, and any contraindication to vaginal delivery. Patients were randomly assigned in a 1:1 ratio using the permuted block method with 20 women per block with sealed envelopes for allocation. Randomization was stratified by center and parity (nulliparous/parous) [START_REF] Gaudineau | Induction of Labor at Term With Vaginal Misoprostol or a PGE2 Pessary: a Noninferiority RCT[END_REF]. After providing the patient with information about the trial when there was a medical indication for IOL, informed consent was requested and provided immediately before IOL.

In the misoprostol arm, the clinical care provider placed a 25-μg capsule in the woman's posterior vaginal fornix, every 4 hours with a maximum of 4 capsules per day. Before each administration, if the fetal heart rate (FHR) was non-reassuring, or if the woman had at least two painful contractions in 10 minutes, the capsule was not placed. In the other arm, the pessary was placed by the healthcare provider in the posterior vaginal fornix until labor started or for a maximum of 24 hours. In cases of non-reassuring FHR or uterine tachysystole, the pessary was removed and replaced after normalization of electronic fetal monitoring if removed within the first 12 hours.

Women in both groups were monitored identically, with a one-hour FHR analysis every 4 hours [START_REF] Gaudineau | Induction of Labor at Term With Vaginal Misoprostol or a PGE2 Pessary: a Noninferiority RCT[END_REF].

Setting and perspective

The economic analysis was performed from the French National Health Insurance (FNHI) perspective and focused on costs associated with inpatient stays. The time horizon of the study was limited to the inpatient stay associated with the delivery. No discount rate was applied. In France, public and private hospital fees are based on Diagnoses Related Group (DRG) rates to which can be added extra charges if applicable (i.e., expensive drugs such as medicines with special constraints which are hospital-reserved drugs and day prices for reanimation or intensive care unit stays) [START_REF] Boudemaghe | Data Resource Profile: The French National Uniform Hospital Discharge Data Set Database (PMSI)[END_REF]. DRGs include medical and paramedical staff fees, institutional costs, and common drugs but access to details is not allowed. Through DRGs, the French health insurance totally reimburses inpatient delivery stays. According to the delivery management parameters (parity, IOL, caesarian, duration) and the occurrence of complications, several DRGs are possible with different rates for both mothers and infants. All the mother-and infant-related DRGs associated with delivery were extracted from the inpatient database and were all considered in the analyses. DRG rates also include the price of medications compared (i.e., misoprostol versus dinoprostone) because they do not belong to additional expensive medication. In the context of the FNHI perspective, the costs of the two drugs studied were not considered. Nevertheless, in France, one slow-release dinoprostone pessary costs €83 ($99) per patient while a misoprostol capsule costs €0.44 ($0.5), at up to four capsules per patient.

Clinical and economic outcomes

Our goal was to estimate the Incremental Cost Effectiveness Ratio (ICER) defined as the mean incremental cost between the misoprostol group and the dinoprostone group divided by the mean incremental effectiveness between the groups. This ratio represents the estimated monetary value required for one unit of effectiveness [START_REF] Drummond | Methods for the Economic Evaluation of Health Care Programmes[END_REF].

The main aim of any obstetrician is a vaginal delivery, with a healthy mother and child. Therefore, comparably, the CD rate is a more relevant outcome than the timing of the delivery which is subsequent [START_REF] Sagi-Dain | Vaginal delivery within 24 hours of labor induction as a primary outcome: what's the rush? Letter to the Editor|[END_REF]. Moreover, the rate of Vaginal Delivery within 24h (VD24) is a useful clinical outcome which also has significant implications with regards to hospital costs and patient satisfaction [START_REF] Bauer | Reply[END_REF]. In addition, it provides a basis of comparison with the published body of literature. Considering these obvious facts, we used the rate of Caesarean Deliveries Avoided (CDA) for the primary analysis followed by the VD24 rate for a secondary analysis. The VD24 rate was calculated including women with CD in the denominator, meaning the entire population. We used DRG rates ranging from 2012 to 2015 according to the date of delivery and expressed them in euros (2020) using French annual consumer price indices and costs, and converted them into US dollar (2020) using the average exchange rate in 2020 both available on the OECD website.

Statistical analyses

Following the analyses in the associated clinical paper, we focused on the perprotocol (PP) population. Economic data for mother or infant were not available for five patients and were imputed by a single imputation method. Descriptive analyses of costs were performed on the incomplete dataset according to the treatment used with mean and bias-corrected and accelerated 95% bootstrapped confidence intervals [START_REF] Barber | Analysis of cost data in randomized trials: an application of the non-parametric bootstrap[END_REF]. A non-parametric Mann-Whitney Wilcoxon test was used to assess cost differences between groups for each variable. Finally, differential costs, effectiveness, and ICERs between misoprostol and dinoprostone were estimated on complete datasets. Bootstrap replications of mean cost and mean effectiveness were used to graphically determine the 95% credible interval of the ICER, with a confidence ellipse [START_REF] Black | The CE plane: a graphic representation of cost-effectiveness[END_REF]. In particular, it allows the variations in outcomes in the ICER calculation to be considered as a probabilistic sensitivity analysis [START_REF] Cohen | Interpreting the results of cost-effectiveness studies[END_REF].

The ICER, bootstrap replications and associated confidence ellipses are drawn in the Cost-Effectiveness Plane (CEP). The CEP is divided into four quadrants. ICERs with a negative value are respectively in the southeast or northwest quadrant and do not require interpretation because the new strategy is less costly and more effective (i.e., a dominant strategy) or costlier and less effective (i.e., dominated strategy) than the reference strategy. ICERs with positive values are in the southwest and northeast quadrant and those in the northeast quadrant are generally compared to the collective Willingness To Pay (WTP) threshold which represents the maximum monetary value that a decision-maker might be willing to pay for a particular unit change in the outcome.

Ethical approval

The French national agency for medicine and health product safety (ANSM) (2011-71 000933-35, A110414-12) and the committee for the protection of people participating in biomedical research (CPP, 1.11.08) approved the trial which is registered at clinicaltrials.gov (NCT 01765881).

Results

Characteristics of the 1,580 women (figure 1), 790 in each arm, included in the PP population are described in table 1. No significant difference was observed between the PP and the intention-to-treat population described in the associated clinical paper and between arms. The most common indications for IOL were post-term pregnancy, premature rupture of membranes, diabetes, and hypertensive disorders.

Economic analyses

The cost comparisons between groups are summarized in table 2. The total mean cost was estimated at €4,400 for the misoprostol group and €4,414 for the dinoprostone group. Mean costs did not significantly differ between groups. We noticed a slight difference between groups related to the use of Oxytocin with a higher cost in the dinoprostone arm (€4,407 vs €4,473, p=0.09). In addition, women in the misoprostol group without a VD24 had a costlier inpatient management (€4,883 vs €4,499, p<0.001).

Cost-effectiveness analysis

Table 3 summarizes both primary and secondary cost-effectiveness analyses. First, the misoprostol group underwent 2.3% more CD and a cost saving equal to €11 ($12) per patient. Therefore, in a cohort of 100 patients, misoprostol allows cost saving of €5 ($5) per patient despite one additional CD. Second, the misoprostol group had 13.5% more VD24 with a cost saving of €18 ($20) per woman. According to the secondary analysis, misoprostol is considered as a dominant strategy because it is less expensive and more effective.

Figures 2 and3 graphically summarize both cost-effectiveness analyses with a 95% credible interval as the basis for the probabilistic sensitivity analysis. According to the primary analysis, we observed a confidence ellipse in the four quadrants which does not lead to a significant conclusion. Nevertheless, the main part of ICER bootstrap replications is located in the northwest and southwest quadrants (i.e., misoprostol a less effective and equally less costly or costlier strategy than dinoprostone), which highlights the trend of dinoprostone being cost-effective compared to misoprostol according to the CD rate. According to the secondary analysis, the 95% confidence ellipse is located in the northeast and southeast (i.e., misoprostol a more effective and equally less costly or costlier strategy than dinoprostone), which emphasizes the costeffectiveness of misoprostol versus dinoprostone. The misoprostol strategy is considered either a cost-effective or a dominant strategy according to the VD24 rate.

Discussion

In both primary and secondary analyses, we could not arrive at a conclusion on the cost-effectiveness of misoprostol compared to dinoprostone. On the one hand, according to the CDA rate, dinoprostone is not cost-effective. Besides, related clinical differences were not significantly assessed. On the other hand, according to the Approximately 25% of women have induced labor in high-resource countries [START_REF] Morris | FIGO's updated recommendations for misoprostol used alone in gynecology and obstetrics[END_REF]9]. Therefore, improvement in IOL management is of major interest, particularly in economic terms given that the effectiveness between current strategies is quite similar [START_REF] Chen | A systematic review and network meta-analysis comparing the use of Foley catheters, misoprostol, and dinoprostone for cervical ripening in the induction of labour[END_REF][START_REF] Alfirevic | Which method is best for the induction of labour? A systematic review, network meta-analysis and cost-effectiveness analysis[END_REF]. However, as a result, the Society for Maternal-Fetal Medicine recently issued a statement that IOL is a reasonable option for low-risk nulliparous women at or after 39 weeks [START_REF] Marrs | Elective induction at 39 weeks of gestation and the implications of a large multicenter randomized controlled trial[END_REF]. The likely increase in the IOL rate makes our trial especially interesting as it provides additional health-economic information. Our primary analysis with the CD rate was based on a non-significant clinical difference between treatment arms. Associated clinical work demonstrated no noninferiority of misoprostol but according to a limited difference in CD rate, both drugs remain considered ref. We believe that this similar efficacy in terms of CD rate underlines the need for additional economic data. Moreover, a significant difference in VD24 rate was estimated between treatment arms and minor differences between the groups for neonatal and maternal morbidity [START_REF] Gaudineau | Induction of Labor at Term With Vaginal Misoprostol or a PGE2 Pessary: a Noninferiority RCT[END_REF].

The DRG and associated rates for each group were quite similar and were mainly affected by additional costs for CD and intensive care which were also similar. This is observable on the confidence ellipses incremental cost variation which was between -€500 and €500. Given that treatment prices are already included in DRG rates, they do not affect the costs analyzed here. Nonetheless, from the hospital perspective, the cost of common drugs is important. FNHI funds hospitals through the DRG rate for stays and the great interest for hospitals is to reduce hospitalization expenses. Firstly, one slow-release dinoprostone pessary costs €83 per patient while a misoprostol capsule costs €0.44, at up to four capsules per patient. Therefore, roughly €82 difference per patient can be applied to the IOLs performed for 22% of the more than 750,000 births per year in France with possible hospital savings of up to €13.5 million annually [START_REF] Blondel | of the National Perinatal Surveys. Trends in perinatal health in metropolitan France from 1995 to 2016 : Results from the French National Perinatal Surveys[END_REF]24]. Secondly, the higher proportion of VD24 in the misoprostol arm (59.4% vs 46.1%) could have a substantial economic impact for hospitals as this clinical outcome is directly related to inpatient cost. In other countries where the incremental price of misoprostol compared to dinoprostone is higher and where the national population is larger, cost saving could be significant. This is particularly true for the US where one slow-release dinoprostone pessary costs $463.88 and one misoprostol capsules costs $0.72 to $5.38, or for low-and middle-income countries with large populations. Nevertheless, a micro-costing methodology is required to consider all cost components in a hospital setting and to confirm these conclusions [START_REF] Frick | Microcosting quantity data collection methods[END_REF].

This work is based on the largest RCT that compares low-dose vaginal misoprostol to the slow-release dinoprostone pessary but has some limitations. The main limit is that we were unable to implement a micro-costing methodology in the RCT because the trial was not designed for this purpose. A hospital perspective would have been a more suitable perspective in this context. Nevertheless, we retrospectively accessed a large part of the mother and infant DRG which allowed us to use an FNHI perspective. Economic data were also missing for 5 women or infants. Imputation was implemented in compensation. Finally, we analyzed the PP population for two reasons. First, there was no difference between intention-to-treat and PP population outcomes in the associated clinical paper. Therefore, we adhered to their primary analysis ref 13, for which the per-protocol analysis was first considered in accordance with a noninferiority trial design (ref 13). Second, the major protocol deviations for excluded women led to additional missing economic data directly associated with these deviations.

From the FNHI perspective, cost management for women who received misoprostol or dinoprostone for IOL is equal. This study contributes additional economic information to associated clinical work to help decision-makers to determine the benefit of one treatment over the other. On the one hand, using CDA rate, we cannot affirm that misoprostol is more cost-effective than dinoprostone. However, using VD24 rate, misoprostol is a dominant strategy. Finally, misoprostol may result in significant cost saving from the hospital perspective, and becomes more attractive than dinoprostone given that the effectiveness is similar and it is easier to use. 

  VD24, misoprostol is either a cost-effective or a dominant strategy. The FNHI perspective used in this study does not clearly identify a cost-effective or dominant strategy for one or the other notably because both treatments are supported in the DRG rates. An analysis from the hospital point of view could provide clearer conclusions and highlight the benefit of misoprostol. Economic data related to vaginal misoprostol versus dinoprostone are sparse but seem to converge to a cost-saving use of misoprostol. In 2003, Ramsey et al found cost saving of approximately $500 with significantly less time to delivery or vaginal delivery, and no differences according to the CD rate. The sample size remained limited with 35 -38 women per arm. Two more recent works, respectively in 2016 and 2017 in the USA and Spain, focused on the clinical outcome and/or cost of vaginal misoprostol versus dinoprostone. The first one used single-dose misoprostol 50mcg and showed less time to active labor and delivery and no difference according to CD associated with a $440 hospital cost saving per patient. Nevertheless, only 50 women were included in the misoprostol arm in this retrospective study. The second, with 24 women in the misoprostol and the dinoprostone arms, targeted intrauterine growth restriction fetuses and showed a $315 cost saving per patient for the misoprostol group. Healthcare systems are different around the world, especially because of health care organizations, reimbursement conditions and different unit prices for healthcare resources, which makes the comparison between studies more difficult. However, considering French incremental prices between misoprostol and dinoprostone, our results are consistent with those in the literature.
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Table 1 . Baseline characteristics of the population Q1

 1 -Q3: First and third quartile; *available for 1,216 women; † available for 1,576 women; ‡ Prolonged pregnancy, taken in isolation, was not a systematic indication for IOL

	Misoprostol	Dinoprostone
	n=790	n= 790

Table 2 . Cost comparison in euros/US dollars (2020) according to adjustment variables, primary and secondary clinical outcomes

 2 

			Misoprostol		Dinoprostone
		N (%)	Mean [95% CI]	N (%)	Mean [95% CI]	P
	Global	789			
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