22

TITLE
The Ultra-long Study: a randomized controlled trial to evaluate the effect of prolonged GnRH downregulation prior to ART on clinical pregnancy rate with positive fetal heart beat in postoperative endometriosis patients.

AUTHORS
Tomassetti C1,*, Debrock S1,2, Peeraer K1, Meuleman C1,2, D’Hooghe T2
1 Department of Obstetrics and Gynaecology, Leuven University Fertility Center, University Hospitals Leuven, Belgium
2 Department of Development and Regeneration, KU Leuven, Belgium
3 Department of Obstetrics and Gynaecology, Leuven University Fertility Center, University Hospitals Leuven, Belgium


*Corresponding author: carla.tomassetti@uzleuven.be



ABSTRACT:
Study question: Does ultra-long downregulation with a GnRH agonist (triptorelin depot) in previously operated patients with moderate/severe endometriosis improve the rate of clinical pregnancy with positive fetal heart beat (CPHB) in the subsequent initiated fresh ART cycle? 
Summary answer: Ultra-long downregulation with a GnRH agonist prior to ART does not improve the rate of CPHB after the subsequent fresh ART cycle.
What is known already: Based on literature data, administration of GnRH agonists for a period of three to six months prior to ART in women with endometriosis increases the odds of clinical pregnancy up to fourfold. However, the quality of the studies on which this statement is based is questionable, so these findings still need confirmation.
Study design, size, duration: A prospective controlled, randomized, open label trial was performed between 01/06/2013 and 31/12/2016 (start and end of recruitment respectively). Patients with prior laparoscopic treatment of endometriosis and an indication for ART were randomized (by a computer-generated allocation sequence ) into two groups: the control group underwent ART stimulation in a classical long agonist protocol using preparation with oral contraceptives, the ultra-long group first underwent at least 3 months downregulation followed by a long agonist protocol for ART stimulation. Sample size was calculated to detect a superiority of the ultra-long downregulation protocol, based on the hypothesis that baseline CPHB rate in the control group of 20% would increase to 40% in the ultra-long group. For a power of 20% at a significance level of 5%, based on one-sided testing, including 5% of patients lost to follow-up, the necessary sample size was 172 patients (86 per group). 
Participants/materials, setting, methods: This trial was conducted at the Leuven University Fertility Center, a tertiary care center for endometriosis and infertility, and a total of 42 patients were randomized (21 in the control group, 21 in the ultra-long group). 
Main results and the role of chance: Baseline characteristics were similar in both groups. The primary outcome studied - CPHB after the initiated ART treatment - did not differ, and was 25% (5/20) in the control group, and 20% (4/20) in the ultra-long group (p > 0.999; relative risk (RR) 1.25, 95% confidence interval (CI) 0.41-3.88). Cumulative (fresh + associated frozen) CPHB rates were also similar in the control versus ultra-long group (8/20, 40% versus 6/20, 30%, p=0.7411; RR=1.33, 95% CI 0.57-3.19), without even a trend towards a possible advantage in the ultra-long group. Comparison of other secondary outcomes in the control group versus the ultra-long group revealed a shorter duration of stimulation (mean 11.8 days (SD +/-2.4) vs 13.2 days (SD +/-1.5), p=0.0373), a lower total dose of gonadotrophins used (mean 1793 IU/d (SD +/-787) vs 2329 (SD +/-680), p=0.0154), and a higher serum estradiol concentration (ng/ml) at the end of ovarian stimulation on the day of ovulation triggering or cycle cancellation (mean1971 (SD +/-1495) vs 929 (+/-548); p=0.0326), suggesting a better ovarian response in  the control group 
Limitations, reasons for caution: Due to a strong patient preference, nearly exclusively against ultra-long downregulation (even though patients were thoroughly informed of the possible benefits), the targeted sample size could not be included and the trial was stopped prematurely.
Wider implications of the findings: Conditional power analysis revealed that the probability of confirming the study hypothesis if the study were completed would be low. We hypothesize that in patients with prior complete surgical treatment of endometriosis, the ultra-long protocol does not enhance ART-CPHB rates. Patient concerns and preferences regarding possible side-effects of the ultra-long protocol should be taken into account when considering this type of study in ART treatment of patients with endometriosis.
Trial registration number: UZ Leuven trial registry SS55300, EudraCT number 2013-000993-32, clinicaltrials.gov NCT02400801
Trial registration date:  Registration for EudraCT on 1 March 2013 
Date of first patient’s enrolment: 4 September 2013
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INTRODUCTION
Whereas women with endometriosis are often confronted with infertility and ultimately may require treatment with assisted reproductive technologies (ART), the influence of endometriosis on the pregnancy rates after ART is equivocal (Dunselman et al., 2014). According to an older meta-analysis (Barnhart et al., 2002), pregnancy rates after ART may be up to 56% (for stage III/IV endometriosis) lower than in those with tubal infertility, due to a lower number of retrieved oocytes, a lower fertilization rate, and a lower implantation rate. In a more recent meta-analysis comparing patients with endometriosis but without prior treatment (medical or surgical) with patients without endometriosis, the presence of stage III/IV endometriosis was associated with poor clinical pregnancy rates in ART (RR=0,79, 95% CI 0,69-0,91, P=0,0008) (Harb et al., 2013). This was also confirmed in the meta-analysis by Hamdan et al. (2015), who excluded patients with prior non-surgical treatment of endometriosis and endometrioma(s), but still found a 40% lower clinical pregnancy rate in women with stage III/IV disease in ART. In contrast, data from large national databases suggest that pregnancy rates in endometriosis patients can be similar to those with tubal infertility (Dunselman et al., 2014), although these data are largely uncontrolled.
A Cochrane review (Sallam et al., 2010) evaluated the use of prolonged pituitary down-regulation prior to ART in women with any degree of endometriosis. It includes three randomized controlled trials with a total of 165 women (Dicker et al., 1992; Surrey et al., 2002; Rickes et al., 2002) and states that the clinical pregnancy rate per woman was significantly higher (three studies: OR 4.28, 95% CI 2.00 to 9.15), but also the live birth rate per woman was significantly higher (OR 9.19, 95% CI 1.08 to 78.22) in women receiving the GnRH agonist compared to the control group. Interestingly, the latter statement was based on one trial reporting "viable pregnancy" only, which was consequently interpreted as live birth; the included studies in this review are currently also at least 15 years old. The authors conclude that administration of GnRH agonists for a period of three to six months prior to IVF or ICSI in women with endometriosis increases the odds of clinical pregnancy by fourfold (Sallam et al, 2010). Although the current ESHRE guidelines on management of women with endometriosis (Dunselman et al, 2014) acknowledge the fact that potential adverse effects of the intervention (miscarriage rates, multiple pregnancy rates or ectopic pregnancy rates) could not be assessed in the meta-analysis by Sallam et al (2010), they still include the prescription of prolonged GnRH agonist downregulation prior to ART as a grade B recommendation.  Although the magnitude of its beneficial effect appears impressive, there are several important reasons for caution to recommend this treatment as a standard treatment option, as summarized by Somigliana et al (2008). First of all, a critical role of publication bias cannot be excluded due to the low numbers of included cases and controls (88 and 77 respectively), and a pivotal study is lacking. Secondly, the long protocol was not systematically used as the treatment modality of the control group, which is often standard of care in ART in endometriosis patients and would be the only correct comparison. Thirdly, the inclusion criteria in the studies were not clearly stated, although it appeared that women with compromised ovarian reserve were generally excluded. Lastly, three to six months treatment with GnRH agonists is expensive with potential important side effects (e.g. estrogen-deprivation related symptoms). To a certain extent, the 2012 ASRM Practice Committee (ASRM, 2012) on endometriosis and infertility adopts these drawbacks, and further states in their opinion that “the very high reported clinical pregnancy rate in the treatment arms of two of these studies makes them difficult to extrapolate to other populations; it is also unclear whether this therapy is equally beneficial for mild and severe stages of the disease, and what the mechanisms might be”. Furthermore, although the use of prolonged downregulation is proposed to cause no difference in total dose of gonadotrophins used or days of ovarian stimulation when compared to classical pituitary down-regulation (Surrey et al, 2002), these data are hampered by small sample sizes and therefore need confirmation.
This study was conducted to assess the effect of prolonged downregulation on clinical pregnancy rates with positive fetal heartbeat (CPHB) after ART, among women with a history of surgery for endometriosis, randomly comparing two different treatment groups: immediate ART in a ‘classical’ long agonist protocol (control group), and prolonged hormonal suppression by GnRH-agonists (ultra-long or study group) prior to ART. Second to this, we wanted to evaluate the effect of these strategies on outcome data on the ART cycle, pregnancy outcome (miscarriage, ectopic, delivery rate) and pain score after egg aspiration. 


MATERIALS AND METHODS

Study design
We conducted an open label parallel group single centre randomized controlled trial at the Leuven University Fertility Centre, a tertiary referral centre for both endometriosis and ART in the University Hospitals of Leuven, Belgium (UZ Leuven); this study was set up as a superiority trial, as outlined in the section on statistics. The trial was registered in the UZ Leuven trial registry as S55300, and in EudraCT as number 2013-000993-32. The study was approved by both the UZ Leuven Ethical Committee and the competent authority (FAMHP: Federal agency for medicines and health products) on May 8th 2013 and April 26th 2013 respectively. Patient screening and recruitment started on 01/06/2013 and ended on 31/12/2016. All patients gave written informed consent. Patient level data are available from the corresponding author. Consent for data sharing with third parties was not obtained but the presented data are coded and risk of identification is low.

Eligibility criteria
Women with a history of therapeutic surgery for endometriosis (any rASRM stage) and an indication for treatment with ART were eligible for the study. Indication for ART in endometriosis patients was based on existing guidelines (Dunselman et al, 2014) and/or the Endometriosis Fertility Index (EFI; Adamson and Pasta, 2010) score: compromised tubal function, severe male factor infertility, failed non-ART treatments, and a low EFI (below 6) in case of direct postoperative EFI. Inclusion criteria were: age from 18 until 39 years inclusive at randomization, histologically proven endometriosis with complete treatment of all endometriosis lesions during laparoscopy with sufficiently detailed surgical report available, EFI available or calculable, normal uterine cavity, basal FSH on day 2-5 lower than 20 IU/l, and eligible for ovarian stimulation with long agonist protocol as judged by the treating clinician. Participation to the study was only allowed in the patient’s first three ever initiated ART cycles, and each patient could only participate once. Patients were excluded in case of the presence of large intramural fibroids (> 3 cm) without impression on the cavity (Sunkara et al, 2008), previous ART-treatment with low response (<4 mature oocytes obtained), use of sperm derived from testicular biopsy for non-obstructive azoospermia, and ART with Preimplantation Genetic Diagnosis (PGD) or Preimplantation Genetic Screening (PGS). In patients who did not want to participate, reasons for non-participation (when given) were recorded, as well as previous use of GnRH-a.

Randomization and blinding
Patients who meet the study criteria and who have signed the informed consent form (ICF) were randomized by a centralized web-based computer (www.uzleuven.be/rct) generated list with a 1 to 1 ratio of patients assigned to the control group and the ultra-long group. No stratification by endometriosis stage or other variables was applied. Blinding was not possible due to the nature of the intervention.

Study procedures
Women allocated to the control group initiated their fresh ART cycle within 6 months after randomization. Ovarian stimulation was performed in a long agonist protocol: preparation with oral estro-progestagens (COC: Louise® (Mithra): ethinyl-estradiol 0,03 mg + dienogest 2 mg, at least 21 days) prior to standard downregulation with triptorelin daily dose (Gonapeptyl® (Ferring Pharmaceuticals) or Decapeptyl® (Ipsen): triptorelin 0.1mg/day, 5 days overlap with COC), and start of gonadotrophins (Gonal-F® (Merck-Serono): follitropin alpha: 10-12 days after start of downregulation). 
Women allocated to the ultra-long group started with prolonged GnRH-agonist downregulation (minimum 3 months, maximum 6 months; start either in overlap with COC or progestogens, or during the luteal phase or at menstruation) within 2 months after randomization with monthly intramuscular injections of 3.75mg triptorelin depot (Gonapeptyl® (Ferring Pharmaceuticals) or Decapeptyl® (Ipsen)), and with the following ART cycle within 6 months after randomization. Add-back with tibolone (Livial® (MSD) or Heria® (Mithra)) was routinely prescribed to reduce side effects during ultra-long downregulation, but not compulsory. One month (28-35days) after the last triptorelin depot injection, gonadotrophin stimulation was started without inducing a withdrawal bleeding (unless increased endometrial thickness >6mm at baseline ultrasound was found).
From the start of gonadotrophins onwards, ART treatment protocols in both groups were identical, including further downregulation with triptorelin 0.1 mg daily until HCG-trigger (or cycle cancellation) and monitoring with ultrasound (follicular development, endometrial thickness) and blood analysis (estradiol, LH, FSH, progesterone). The starting dose of gonadotrophins was chosen with a fixed algorithm (based on patient’s age, BMI, AMH and where applicable response to previous ovarian hyperstimulation, as shown in Table 1), HCG-trigger (Pregnyl® (MSD)) was given when at least one follicle had a mean diameter of 17mm or more. Cycles were cancelled when there was no ovarian reaction (no follicles  >10mm and/or estradiol < 80 pg/ml) on day 10-12 of stimulation, or when an LH surge (>15 IU/L) and/or a progesteron surge (>2µg/l) occurred during stimulation. Egg aspiration was always performed under sedation and always with antibiotic prophylaxis (cefazolin 2g IV; in case of allergy: clindamycin 600mg IV) in case of history of rASRM III-IV and/or presence of extensive adhesions and/or other risk factors (e.g. endometrioma, history of PID). Embryo transfer was performed on day 3, in line with the policy on numbers of embryos transferred according to Belgian Legislation and local protocol (summarized in Table 1). Luteal support was provided by vaginal progesterone ((Utrogestan® (Besins)) 3x200mg/day or Crinone® (Merck-Serono) 1 application/day) from the evening after egg aspiration until the day of pregnancy testing; in case of pregnancy this was continued at least until confirmation of fetal heart beat by ultrasound scan unless miscarriage or ectopic pregnancy occurred. Pregnancy testing (serum HCG measurement) was done at day 15 after egg aspiration, and repeated one week later when positive. A transvaginal ultrasound scan to detect CPHB was planned no later than 7 weeks after egg aspiration. Every pregnancy during the study period was followed up until the end. In case embryos were cryopreserved and there was no live birth after the fresh cycle, patients were followed up until they had used all cryopreserved embryos from that particular cycle or until live birth in frozen/thawed cycle.

Table 1 Algorithm for gonadotrophin starting dose and embryo transfer policy
	GONADOTROPHIN STARTING DOSE (MAXIMUM 225 IU/D)

	
	<36years old and BMI <22
	<36years old and BMI >22 
and/or 36-39years 
and/or AMH <1

	Rank 1 cycle
	(100-)112 IU/d
	(112-)150 IU/d

	Rank 2 – 3 cycle
	If previous cycle < 8 oocytes: previous maximum dose + 75 IU/d
If previous cycle >=8 oocytes: same dose as last cycle
If previous cycle OHSS(risk): previous dose -37/75IU/d

	EMBRYO TRANSFER POLICY

	
	If top quality embryo(s)
	If no top quality embryo(s)

	<36 years
Rank 1 cycle
Rank 2 cycle
Rank 3 cycle
	
1 ET
1 ET
1 ET + AHA
	
1 ET
2 ET
2 ET +/- AHA

	36-37 years 
Rank 1 cycle
Rank 2 cycle
Rank 3 cycle
	
1 ET
1 ET +/- AHA
1 ET +/- AHA
	
2 ET
2 ET
2 ET +/- AHA

	38-39 years
Rank 1 cycle
Rank 2 cycle
Rank 3 cycle
	
1 ET +/- AHA or 2 ET
1 ET +/- AHA or 2 ET
2 ET +/- AHA or 3 ET
	
2 ET
2 ET
2 ET +/- AHA or 3 ET




Outcomes
Primary outcome
The primary outcome measure studied was the rate of clinical pregnancy with positive fetal heart beat (CPHB) per initiated fresh ART (=when ovarian stimulation with gonadotrophins was started), i.e. a per protocol analysis, not only including initiated but also cancelled cycles or cycles without embryo transfer, while excluding associated frozen-thawed embryo transfer cycle(s) (FET) of embryo(s) obtained during that ART cycle. 
Secondary outcomes
The cumulative (fresh + associated FET) CPHB per initiated cycle were calculated. Other secondary outcome measures included antral follicle count on the day of start of stimulation, number of oocytes obtained, duration of stimulation, fertilization rate, embryo quality, embryo utilization rate, other pregnancy outcomes (miscarriage, ectopic, delivery, live birth) and pain score (numerical rating scale (NRS) 0-10) one hour after egg aspiration. 

Statistical analysis
For proportions, statistical analysis was performed using Fisher’s exact χ2 tests, where a p-value < 0.05 was considered to be statistically significant. Relative risks and 95% confidence intervals (CI) were calculated for the primary outcome (CPHB), and the most relevant secondary outcomes (cumulative CPHB; (cumulative) live birth rate: data awaited) and/or in case of p<0.05. Continuous variables were described as mean +/- standard deviation (SD), and analysed with Mann–Whitney U-test was performed, for continuous variables; also here, a p-value < 0.05 was considered to be statistically significant.
After the early discontinuation of the trial due to slow patient recruitment, it was decided to perform a conditional power testing, i.e. calculating the probability to obtain a statistically significant result with the planned number of subjects given the already observed data under three hypothetical scenarios. Under the first assumption the subsequent data are assumed to reflect equality of the two groups. Under the second assumption the same trend is expected as on the gathered data. Under the third assumption the subsequent data are assumed to reflect the original hypothesized difference (40% vs 20%).
Data were analyzed using the statistical package StatView version5.0 except for the conditional power analysis which has been performed using with freeware available at: http://resourcetepee.com/free-statistical-calculators/conditional-power-calculator/



Sample size
Sample size was estimated based on the primary outcome: the rate of clinical pregnancy with positive fetal heart beat per initiated fresh ART cycle. Sample size was based on the baseline pregnancy rate expected in controls, the clinically important difference that might be expected with the prolonged downregulation, and appropriate levels of alpha and beta error. The baseline pregnancy rate was based on the meta-analysis of Barnhart et al, 2002: for endometriosis stage I-II a pregnancy rate of 21.12% was reported, and for stage III-IV a pregnancy rate of 13.84. An analysis of all initiated ART cycles at LUFc between 2009 and 2012, in patients with a diagnosis of endometriosis, showed an CPHB rate of 21.5%. This includes all stages of endometriosis; however, we expected to recruit relatively more patients with higher grades of endometriosis (who tend to perform worse in ART – see above) as these patients may experience more associated pain symptoms. Therefore a baseline CPHB-rate of 20% was chosen. This trial was designed as a superiority trial as presented in the section Study Design and Hypothesis, i.e. to test the hypothesis that there is a significant difference in the primary outcome variable between the 2 groups. 
Our assumptions to form the hypothesis were based on clinical grounds (side effects, extended duration and costs of prolonged downregulation), and on the conclusion of the Cochrane review by Sallam et al (2010) that the odds for clinical pregnancy are increased fourfold when using prolonged downregulation. Since a fourfold increase of odds for pregnancy per initiated ART cycle seemed unrealistic to us, we decided to test the hypothesis that the baseline rate of 20% can be increased to 40% when using the ultra-long protocol. This means that we hypothesized for a relative clinical difference of 100% between both groups. With the usual 5% alpha error (‘significance) and 20% beta error (‘power’) assumptions, based on the fact that the outcome is dichotomous/binary (pregnant or not), and two-sided testing, the number of patients needed would be 82 per group (total sample size 164). To account for 5% losses to follow-up after randomisation, we aimed for a total sample size of 172 patients (86 per group). An interim analysis was planned when half of the target (randomized patients) would have reached the end of study for the primary endpoint, to assess proven effectiveness or futility, by an independent committee and without disclosing the result to the investigators unless it would be necessary to stop the trial (e.g. proven effect in study group). 


RESULTS
Between June 2013 and December 2016, 165 endometriosis patients were screened for study participation. Patient selection and inclusion flow is summarized in Figure 1. Of screened women, 21 did not meet the inclusion criteria, and 102 declined participation because they nearly all had a strong preference for the control group (mainly because of fear for delayed treatment start, side effects or a combination of both). One possible explanation for our high refusal rate might be the fact that at least 60 out of the 102 women refusing to participate (58.8%) in the past had already used GnRH-a as part of the treatment of endometriosis. Although the number of eligible patients was sufficient, the inclusion and randomization proceeded very slowly (less than 20 patients per year) which led us to conclude that randomizing the full sample size would result in an unacceptably long inclusion period. For this reason, we decided on 31/12/2016 to stop the trial prematurely. Ultimately, 42 women were randomized, of whom 21 were allocated to the control group and 21 to the ultra-long group. 
[bookmark: _GoBack]Baseline characteristics of randomized patients are shown in Table 2, and were comparable. The both groups, the vast majority of patients had stage III/IV endometriosis, as well as a history of surgery for endometrioma(s); patients with stage II endometriosis all had deep lesions apart from one patient in the control group who had extensive peritoneal endometriosis. In the control group, patients had a slightly higher age and suspicion of endometriosis recurrence on the one hand, but higher AMH levels and shorter duration of infertility on the other hand; no sensitivity analysis was performed because of the low patient numbers.
In the control group, one patient did not start the fresh ART cycle within six months after randomization due to unforeseen personal problems, and was subsequently withdrawn from the study (one year later, she did become pregnant from the first initiated fresh ART cycle in a classical long agonist protocol outside this study). In the ultra-long group, also one patient was withdrawn from the study because she became pregnant spontaneously after her second depot injection with triptorelin 3.75mg (an administration problem was suspected in hindsight); this pregnancy led to a healthy term singleton live birth. After withdrawal of these patients from the study, ultimately 20 patients in each group initiated an ART-cycle and were available for the per protocol analyses.

Table 2 : baseline variables of randomized patients
for continuous variables: mean +/- SD; for proportions: n/N and % are given; 
*symptom and/or imaging based
	Baseline variables 
	Control group (N=21)
	Ultralong group (N=21)

	Age (years)
	32.4 ± 3.7
	31.4 ±3.9

	Duration of infertility (months)
	34 ± 19.6
	43 ± 19.2

	Primary infertility
	14/21 (66.7%)
	20/21 (95,2%)

	Current smoker
	5/21 (23.8%)
	4/21 (19%)

	Body mass index (kg/m²)
	23.4 ± 3.8
	24.9 ± 3.9

	EFI
	6 ± 2.3
	5.5 ±2.0

	rASRM grade III/IV
	18/21 (85.7%)
	19/21 (90.5%)

	Past endometrioma surgery
	13/21 (61.9%)
	16/21 (76.2%)

	Suspicion of recurrent endometriosis 
	3/21 (14.3%)
	2/21 (9.5%)

	AMH ng/ml
	2.79 ± 2.60
	1.48 ± 1.08

	FSH IU/l
	6.9 +/- 2.5
	6.6+/- 2.9

	Indication for ART 
(next to endometriosis)
	Severe male factor: 7/21 (33.3%)
Age/suspected low ovarian reserve: 2/21 (9.5%)
Anovulation: 1/21 (4.8%)
	Severe male factor: 3/21 (14.3%)
Age/suspected low ovarian reserve: 3/21 (14.3%)


	Adenomyosis 
	6/21 (28.6%)
	3/21 (14.3%)

	Time between surgery 
and inclusion
<6 months
6-12 months
>12 months
	

7/21 (33.3%)
6/21 (28.6%)
8/21 (38.1%)
	

11/21 (52.4%)
5/21 (23.8%)
5/21 (23.8%)

	Fertilization method in aspirated cycles only
	11/18 IVF (61%)
2/18 half IVF/half ICSI (11%)
5/18 ICSI (28%)
	13/19 IVF (68%)

6/19 ICSI (32%)



Table 3 shows the results on primary and secondary outcomes per initiated ART-cycle. Data on live birth are not reported because they are not yet available. In the control group, a clinical pregnancy with positive fetal heart beat after one initiated fresh cycle was observed in 
25% (5/20) women, compared to 20% (4/20) women in the ultra-long group; this result – as expected due to the low number of included patients – was not significantly different, with a p-value of >0.999. 
In the control group, 1/20 (5%) patient had a high risk for OHSS during stimulation (very high estradiol, more than 30 developing follicles) for which the cycle was cancelled; two other patients (2/20, 10%) developed minimal OHSS symptoms after oocyte aspiration and were managed conservatively on an ambulatory basis. In the ultra-long group, one patient (1/20, 5%) had a severe infectious problem, both with PID (with the need for hospitalization and administration of intravenous antibiotics, but no need for surgery) and an infection in the embryo culture medium which resulted in cancellation of embryo transfer and discarding of all embryos. After further examination, these problems appeared to be due to a male accessory gland infection detectable in the sperm sample with a multi-resistant Escherichia Coli (only sensitive for amikacine, meropenem and tigecyclin), so any link with study allocation was excluded. Of note, after recovery this patient had a live birth in the subsequent ART-cycle (outside of this study). A second patient in the ultra-long group (1/20, 5%) developed a hydrosalpinx during the stimulation, for which oocyte aspiration with prolonged prophylactic antibiotic treatment and subsequent freezing of all available embryos on day 3 was performed (i.e. no fresh transfer). For the hydrosalpinx she underwent an elective laparoscopic salpingectomy, and subsequently she had a double frozen/thawed embryo transfer which led to a pregnancy but with an early miscarriage (no CPHB). Again, any link with study participation/allocation was excluded.	Comment by Carla Tomassetti: Was er al! dus anders beschrijven want history, geen SAE (PID was dat wel, de OHSSrisk niet want staat in SMP van de IMP)




Table 3 Results for primary and secondary outcomes per initiated ART-cycle
For continuous variables, mean (+/-SD (standard deviation)) are given; for proportions, percentages are given.
*: statistically significant difference
	Outcome variables per initiated cycle
	Control group (N=20)
	Ultralong group (N=20)
	P-value

	Antral follicle count at baseline ultrasound
	Mean: 10.6 (+/- 5.9)

	Mean: 7.1 (+/-4.4)

	0.0679

	Duration of stimulation (days)
	Mean: 11.8 (+/-2.4)

	Mean: 13.2 (+/-1.5)

	0.0373*

	Total dose (in IU) of gonadotrophins used
	Mean: 1793 (+/-787)

	Mean: 2329 (+/-680)

	0.0154*

	Endometrial thickness (mm) at HCG-trigger or cancellation
	Mean: 10.2 (+/-3.2)

	Mean: 8.9 (+/-2.5)

	0.1441

	Serum oestradiol (ng/l) at HCG-trigger or cancellation 
	Mean: 1971 (+/-1495)

	Mean: 929 (+/-548)

	0.0326*

	Number of follicles of at least 15mm mean diameter at HCG-trigger or cancellation
	Mean: 6,2 (+/-4.3)

	Mean: 5.9 (+/-2.3)

	0.9784

	Cancelled cycles
	2/20 (10%)
1 OHSS risk
1 no response
	1/20 (5%) 
1 no response
	>0.9999


	N oocytes in aspirated cycles only 
	Mean: 10.3 (+/-5.9)

	Mean: 9.3 (+/-3.8)

	0.7154

	N mature oocytes (metaphase II) 
in aspirated cycles only
	Mean: 8.4 (+/-5.5)
	Mean: 7.8 (+/-3.2)
Median: 8.0 (3.8)
	0.8673

	N fertilized oocytes (2PN) in aspirated cycles only
	Mean: 6.2 (+/-3.9)

	Mean: 4.3 (+/-2.8)

	0.1668

	N cycles with failed fertilization in aspirated cycles only 
	1/18 (5.6%, from IVF)
	3/19 (15.8%, all IVF)
	0.6039


	N cycles with fresh ET

-single ET
-double ET
	17/20 (85%)

14/20 (70%)
3/20 (15%)
	14/20 (70%)

9/20 (45%)
5/20 (25%)
	>0.9999

	NRS pain 1hour after aspiration in aspirated cycles only
	Mean: 1.2 (+/-1.5)

	Mean: 1.2 (+/-1.6)

	0.8553

	N fresh cycles with at least one top quality embryo created
	12/20 (60%)
	10/20 (50%)
	0.7512


	N fresh cycles with at least one embryo frozen 
	9/20 (45%)
	9/20 (45%)
	>0.9999


	N fresh cycles with positive serum HCG (>5 IU/l) day LH+15
(crude pregnancy rate)
	9/20 (45%)
	6/20 (30%)
	0.5145


	N fresh cycles with CPHB 
(=primary outcome studied)
	5/20 (25%)
	4/20 (20%)
	>0.9999
RR=1.25
95%CI 0.41-3.88

	Patients with additional FET cycle(s) performed
	5/20 (25%)
	6/20 (30%)
	>0.9999


	Patients with at least one FET cycle with CPHB 
	3/5 (60%)
	2/6 (33%)
	0.5671


	Cumulative CPHB rate (fresh + FET)
	8/20 (40%)
	6/20 (30%)
	0.7411
RR=1.33
95% CI 0.57-3.19.



Because of the early termination of this trial, a conditional power calculation was performed under three different assumptions as explained in the section on statistical analysis. This  calculation showed that the probability to confirm our initial hypothesis is 0.5% under the null effects scenario, 0.1% under the continuous trend effects scenario, and 41.6% under the hypothesized effects scenario. 


DISCUSSION

Main findings
According to the results of our study, reproductive outcomes (rates of clinical pregnancy with  positive fetal heart beat per cycle and rates of clinical pregnancy with positive fetal heart beat per cycle) did not improve and even showed an opposite trend after use of the ultra-long protocol when compared to a classical long protocol during ART treatment of women with endometriosis. In contrast, when compared to the classical long protocol, the ultra-long protocol was associated with a longer duration of ovarian stimulation, a higher consumption of gonadotrophins and a lower ovarian estradiol production (secondary outcomes). Furthermore, the low recruitment rate in our study was largely explained by patient’s concerns to be assigned to the ultra-long arm, as they feared both side effects and delay of ART treatment caused by prolonged GnRH agonist treatment. Taken together with similar reproductive outcome results reported in another RCT on the same subject (Decleer et al, 2016, although only crude pregnancy rate is reported), and the low quality of previously published studies included in a Cochrane review as discussed in the introduction (Dicker et al., 1992; Surrey et al., 2002; Rickes et al., 2002; Sallam et al., 2010), we conclude that currently there is no place for the routine use of the ultralong protocol in ART in women with endometriosis.

Strengths 
Although the targeted sample size was not reached and therefore the study hypothesis could not be confirmed or refuted, our trial was conducted using a strict methodology, had a low treatment discontinuation rate and no relevant missing data. An innovative feature of our study was that we present a fairly complete patient phenotype, reporting not only rASRM score, but also and for the first time EFI scores, that have been proposed to be associated with reproductive outcomes after ART treatment in women with endometriosis (Garavaglia et al., 2015). Other innovative strengths of our study include that we report live birth rates (not only CPHB) and cumulative reproductive outcomes (CPHB and live birth) after one fully completed ART cycle per patient - taking into account both the aspirated + any associated frozen/thawed cycles (data awaited as pregnancies are still ongoing at the time of writing this discussion part). This cumulative live birth rate after one ART cycle (Zeghers-Hochschild et al., 2009) is a highly  relevant reproductive outcome for patients since it combines the contribution of both a fresh embryo transfer and frozen/thawed cycles related to one egg aspiration (Maheswhari et al., 2015, De Neubourg et al., 2016). In contrast, other studies on the same subject as our study, reported only pregnancy rates (crude pregnancy rates only (Decleer et al., 2016), clinical (ultrasound detected) pregnancy rates (Rickes et al., 2002), or ‘viable’ clinical pregnancy rates (definition unclear, Dicker et al., 1992) or CPHB (Surrey et al., 2002)). All the above mentioned studies only reported the outcome of one fresh ART cycle (without associated frozen cycles), except one group of investigators (Rickes et al,  2002), which reported reproductive outcomes after  up to 3 ART cycles per patient (without reporting on eventual frozen/thawed cycles).  
Although underpowered, our data are still relevant in view of the low number and modest quality of published randomized trials on this subject, and the raw data of our study are available for future meta-analyses purposes with planned individual participant data (IPD) analysis.

Limitations
Our trial had several potential limitations. Foremost, due to the strong treatment preferences of the vast majority of eligible women, we were able to randomize only 42 instead of the targeted 172 women. The only other RCT reporting screened/eligible patients versus actually randomized patients (Decleer et al., 2016) only reported a very low rate of non-participation (3/120). One possible explanation for our high refusal rate might be the fact that at least 60 out of the 102 women refusing to participate (58.8%) in the past had already been treated with GnRH-agonists as part of the treatment of endometriosis, and they may have perceived the prospect of possible repeat treatment as unpleasant and/or too time consuming, even thought they were informed that there was clinical evidence that treatment with the ultra-long protocol could possibly improve their chances for obtaining a pregnancy. Due to the nature of the intervention, blinding for treatment allocation was not possible for participating women or treating physicians. 

Interpretation of findings and clinical implications
Since we did not observe a trend towards a possible advantage for the ultra-long group, but our study failed to recruit the targeted number of patients, we have done a conditional power calculation in order to estimate the probabilities  – under three different assumptions – that our study would have confirmed the study hypothesis if it were fully completed regarding sample size requirements. This calculation has shown that under the two most realistic scenarios assuming continuation until completion of the study (null effect: future inclusions will not show any difference in CPHB between both groups if the study continues; continuous trend effects: future inclusions will show exactly the same trend as currently found in both groups), the probability that the study hypothesis would be confirmed would be 0.5% and 0.1% respectively. Even in case of the third scenario (where future inclusions would show the hypothesized effect in the additional patients recruited till sample size would be completed), the probability of confirmation of our study hypothesis was estimated to be only 42%. Therefore it appears unlikely that a significant advantage on CPHB rate by using the ultra-long protocol could have been detected in our study if it had been completed with the full sample of patients recruited.
We also hypothesize that the lack of any trend toward treatment advantage in the ultra-long group can be explained by the success of reproductive surgery for endometriosis before the start of ART treatment. Indeed, all patients had received complete surgical treatment of their endometriosis in the recent past (the majority within a year prior to randomization, Table 2), and only a small proportion of patients was observed with possible evidence of recurrent endometriosis based on reported symptoms and/or imaging (3/21, 14.3% in the control group versus 2/21, 9.5% in the ultra-long group). The positive effect of complete surgery prior to ART might therefore dilute or outweigh any supposed advantage of the ultra-long protocol in this patient population.
Due to the low number of included patients, as well as the low proportion of patients with suspected endometriosis recurrence (i.e. active lesions), we did not perform a subgroup analysis for the latter. A potential benefit of the ultra-long protocol in patients with active lesions (persistent or recurrent) can therefore not be excluded. 
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