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Introduction

There is an unmet medical need for the treatment of erectile dysfunction (ED) in non-responders or, more accurately, insufficient responders to phosphodiesterase type 5 inhibitors (PDE5-Is) [START_REF] Munk | Systematic Review of Oral Combination Therapy for Erectile Dysfunction When Phosphodiesterase Type 5 Inhibitor Monotherapy Fails[END_REF] . To our knowledge, two studies have reported the short-term efficacy of combined therapy involving intracavernosal (IC) injections of botulinum toxin A (BTX-A IC) as an add on to standard therapy in these patients. The first was a randomized placebo-controlled trial that included 24 patients with severe vasculogenic ED who were non-responders to PDE5-Is or IC injections of tri-mix (a custom-prepared mixture of prostaglandin E1 (PGE1) with papaverine and phentolamine) [START_REF] Ghanem | Botulinum Neurotoxin and Its Potential Role in the Treatment of Erectile Dysfunction[END_REF] . At the 4-week follow-up, erectile function and penile rigidity were significantly more improved in the treatment group. The second study was a retrospective, uncontrolled study of 47 patients who were insufficiently responsive to PDE5-Is or PGE1 IC and who received IC injections of abobotulinumtoxinA (Dysport®; Ipsen, Paris, France) 250 or 500U as an add on therapy [START_REF] Giuliano | Safety and Efficacy of Intracavernosal Injections of AbobotulinumtoxinA (Dysport®) as Add on Therapy to Phosphosdiesterase Type 5 Inhibitors or Prostaglandin E1 for Erectile Dysfunction-Case Studies[END_REF] . The results showed a 54% response rate at 6-weeks.

Although the results of both these studies are encouraging, both only assessed the short-term effectiveness and tolerance of BTX-A IC injections (at 4 2 and 6 3 weeks, respectively). More recently, the group who performed the first randomized placebo-controlled trial performed a second randomized placebo-controlled trial also in patients with severe vasculogenic ED, who were non responders to PDE5-Is and to IC injections of tri-mix. This second trial was large, with 176 patients randomized to receive either onabotulinumtoxinA 50 U, 100 U or placebo IC injections. Forty percent of patients were responders, with a maximal improvement at 3 months post BTX-A IC [START_REF] El-Shaer | Intra-cavernous injection of BOTOX® (50 and 100 Units) for treatment of vasculogenic erectile dysfunction: Randomized controlled trial[END_REF] . At 6 months, the effectiveness of onabotulinumtoxinA 100 U was superior to that of onabotulinumtoxinA 50 U. To our knowledge, these are the only data available regarding the effect of onabotulinumtoxinA at 6 months.

It is believed that BTX-A reduces ED by decreasing sympathetic activity within the cavernous and penile nerves that supply the arteries and smooth muscle of the penis [START_REF] Giuliano | Botox for Erectile Dysfunction[END_REF] . This mechanism likely functions by the partial blocking of norepinephrine release of the normal vesicular dependent release of norepinephrine from the sympathetic nerve terminals into the neuromuscular junction [START_REF] Morris | Botulinum neurotoxin A attenuates release of norepinephrine but not NPY from vasoconstrictor neurons[END_REF] . This putative mechanism of action is similar to that of BTX-A intradetrusor injection for the treatment of overactive bladder and neurogenic detrusor overactivity 7 . To initiate voiding, parasympathetic postganglionic nerves release acetylcholine in the neuromuscular synapse which binds with the muscarinic receptor in the detrusor muscle and generates muscle contraction [START_REF] Fowler | The neural control of micturition[END_REF] . BTX-A injected in the detrusor muscle prevents acetylcholine release, reducing detrusor overactivity. Studies have shown that for optimal effectiveness, intradetrusor onabotulinumtoxinA injections should be administered every 5 (200U dose) or 6 months (300U dose) [START_REF] Joussain | Long-term outcomes and risks factors for failure of intradetrusor onabotulinumtoxin A injections for the treatment of refractory neurogenic detrusor overactivity[END_REF] , and the overall median duration of the effect is 9 months 10 . Such data do not currently exist for BTX-A IC injections for the treatment of ED. The primary aim of the present retrospective case series study was therefore to assess the duration of effect of BTX-A IC injection in patients with ED of various etiologies. The secondary aims were to evaluate the type and rate of side effects at the time of BTX-A IC injection and during the follow-up, and the proportion of responders at the 2-month follow-up.

Materials and Methods

We conducted a retrospective, single center study of medical files from consecutive patients who responded insufficiently to pharmacological treatment for ED and who received BTX-A IC as an add-on therapy between October 2017 and November 2020.

Eligibility criteria

Male patients were included if they were aged > 18 years, diagnosed with ED, in a stable heterosexual relationship and had a history of insufficient effectiveness of at least one marketed PDE5-I at the highest approved dose, or PGE1 IC injections with a dose up to 60 µg. Current highest approved doses of PDE5-Is on demand are 100mg for sildenafil and 20 mg for tadalafil or vardenafil, and 5 mg for daily tadalafil. Insufficient effectiveness was defined by an EF domain score of the IIEF < 26 with standard treatment. Exclusion criteria were contra-indications to BTX-A determined by abobotulinumtoxinA and onabotulinumtoxinA monographies [START_REF]Dysport Therapeutic[END_REF]12 . Patients were categorized according to their etiology(ies) and/or risk factor(s) for ED based on their medical history and routine laboratory investigations, including glucose fasting and lipid profiles. Patients with endocrinopathies (apart from diabetes mellitus), sleep apnea or no organic etiology and/or risk factors identified (thus ED of likely psychogenic origin) were categorized as "other". Since our sexual medicine clinic is situated within a hospital that is specialized in the treatment of neurological disorders, the cohort was composed of a large proportion of patients with spinal cord-injury (SCI).

Intracavernosal injection

The intracavernosal injection technique has been described elsewhere [START_REF] Ghanem | Botulinum Neurotoxin and Its Potential Role in the Treatment of Erectile Dysfunction[END_REF] . Briefly, an adjustable penile loop ring was placed at the penoscrotal junction for 30 minutes prior to the injections. Then, 250 or 500 Speywood units of abobotulinumtoxinA or 100 units of onabotulinumtoxinA were injected via a 13mm long 29 ½ G needle: 0.5 ml into each corpus cavernosum. The choice of BTX-A type (abobotulinumtoxinA or onabotulinumtoxinA) was not related to ED severity or to ED risk factors and/or etiologies. The first 32 patients who were administered abobotulinumtoxinA received a dose of 250 units and the following 37 patients received a dose of 500 units to ensure safety, as previously reported [START_REF] Giuliano | Safety and Efficacy of Intracavernosal Injections of AbobotulinumtoxinA (Dysport®) as Add on Therapy to Phosphosdiesterase Type 5 Inhibitors or Prostaglandin E1 for Erectile Dysfunction-Case Studies[END_REF] .

Patient follow-up

Following BTX-A IC injection, patients were advised to attempt sexual intercourse using their usual pharmacological treatment. An early follow-up assessment was scheduled during the 2 nd month after the BTX-A IC injection. Responders (see endpoints) attended a second assessment session during the 7 th month after the BTX-A IC injection or upon their request if the effectiveness decreased.

Endpoints

The primary endpoint was the proportion of responders at the first assessment. A patient was classified as a responder to BTX-A IC if the minimum clinically important difference (MCID) in the IIEF-EF score relative to their baseline severity of ED was achieved. The MCIDs according to ED severity are as follows: mild: 2 points, moderate: 5 points and severe: 7 points [START_REF] Rosen | Minimal clinically important differences in the erectile function domain of the International Index of Erectile Function scale[END_REF] . Baseline severity of ED was measured using the IIEF-EF during treatment with PDE5-Is or PGE1 IC injections but before BTX-A IC, and thus provided a score for the severity of persisting ED with standard treatment. Severity was classified as mild (EF score 17-30), moderate (EF score 11-16) or severe (EF score 0-10) [START_REF] Rosen | Minimal clinically important differences in the erectile function domain of the International Index of Erectile Function scale[END_REF] .

The secondary endpoints were i) side effects identified by patient self-report at the time of the BTX-A IC injection and during the follow-up and ii) effectiveness at the 2-month follow-up. Data from the early assessment (2 months post BTX-A IC) of some patients in the present series treated with abobotulinumtoxinA IC have previously been reported [START_REF] Giuliano | Safety and Efficacy of Intracavernosal Injections of AbobotulinumtoxinA (Dysport®) as Add on Therapy to Phosphosdiesterase Type 5 Inhibitors or Prostaglandin E1 for Erectile Dysfunction-Case Studies[END_REF] .

Statistical analyses

Continuous variables were expressed as means with standard deviations. IIEF-EF score, time elapsed between BTX-A IC and duration of ED were expressed as medians [first-third quartile]. No formal sample size calculation was performed, and all analyses were exploratory. Comparisons of qualitative data were performed using a Fisher's exact test (Prism V5, GraphPad software -La Jolla, CA, USA).

Odds Ratios (OR) were calculated from logistic regressions in both the univariate and multivariate analysis to determine risk factors for non-response to BTX-A IC. (Stata/MP 16.0 (Timberlake -Richmond upon Thames UK). The variables included in the univariate logistic regression at 34 [27-42] days were: age, ED duration, comorbidities, ED treatment prior to BTX-A IC, type of BTX-A, IIEF-EF score at baseline and ED severity. The variables with a p value < 0.05 were entered into a multivariate logistic regression analysis.

Ethics

In accordance with French legislation for retrospective studies, the database was approved by the French Data Protection Authority (Commission Nationale de l'Informatique et des Libertés) under the registration number 2209010v0. Patients' medical files were anonymized, and patients were informed they could deny access to their personal and medical data at any time. Written informed consent was obtained from all patients whose data were included in the study.

Results

One hundred and thirty-one patients with ED were treated with BTX-A IC during the study period: data from 123 files were analyzed (inclusion flow chart is shown in figure 1). Mean age was 53 ± 14 years and median duration of ED prior to BTX-A IC was 5 [2-10] years. The risk factors and etiologies for ED were as follows: cardio-metabolic for 49 (39.8%) patients, spinal cord injury for 50 (40.7%) patients, radical prostatectomy for 27 (22%) patients and for 19 (14.4%) patients categorized as "other", no organic etiology or risk factor was identified for the majority. Prior to BTX-A IC, 77% of patients were treated with highest dose PDE5-Is and 29% by PGE1 IC injections (mean dose: 38 ± 18 µg). Eight patients (6%) were treated with PDE5-Is combined with PGE1 IC injections. Median baseline IIEF-EF score (i.e. with standard treatment) was 11 [6-17] points prior to BTX-A IC; 35 (%) patients had mild, 26 (%) had moderate and 59 (48%) had severe ED. Fifty-eight patients (47%) were treated with onabotulinumtoxinA 100 U and 65 patients (53%) with abobotulinumtoxinA (32 patients (26%) with 250 Speywood U and 33 patients (27%) with 500 Speywood U).

Early assessment

Ninety-six patients underwent early assessment, 34 [27-42] days following BTX-A IC. Of these, 53 (55.2%) were classed as responders, with an increase in median IIEF-EF score from 17 [10-19] to 26 [22-28] points (table 1). The response rate was 90% in those with mild baseline ED, 50% in those with moderate ED and 33% in those with severe with ED; and was 56.8% in patients treated with PDE5-Is and 51.9% in patients treated with PGE1-IC injections (table 2). Of the 39 patients treated by PDE5-Is, none switched to PGE1 IC injections. Of the 11 patients treated by PGE1 IC injections, the dose of PGE1 was reduced for 5, and one patient switched to PDE5-Is. The response rate according to ED risk factors and/or etiologies is shown in figure 2. Response rate was lower in patients with post-radical prostatectomy and SCI compared to patients with other comorbidities (p=0.002 and p=0.0045 respectively). There was no difference in the proportion of responders between abobotulinumtoxinA (250 or 500 U) and onabotulinumtoxinA 100 U (47% and 54% respectively, p=0.67) (table 2). The univariate logistic regression identified the following factors as associated with the response to BTX-A IC: other comorbidities (p=0.01), SCI (p=0.047), post-prostatectomy (p=0.04) and ED severity (p<0.01).

EF-score at baseline was also identified but is has the same signification as ED severity and thus was not selected for multivariate analysis. After multivariate analysis, only ED severity was identified as a risk factor OR=0.3, IC(95%) = [0.16 -0.56] for non-response to BTX-A IC(table 3).

Late assessment

Among all the patients treated, 46 (41%) were categorized as responders at the late assessment (median 5.9 [3.9 -8.1] months post BTX-A-IC). Of the 42 initial responders (i.e. among those who underwent early assessment and who were re-assessed at the late assessment), 32 remained responders (76%). Three non-responder patients at the early visit were responders at the late visit.

The effectiveness of the treatment did not decrease significantly from the early to the late assessment in any of the ED risk factor and/or etiology groups (figure 2). The decrease in effectiveness over time was not different between the types of BTX-A IC (figure 3). The univariate analysis did not show any association between the type of standard treatment for ED, type of BTX-A or ED severity, and response to BTX-A IC.

Side effects

One patient reported mild penile pain during BTX-A IC injection and a second patient reported mild penile pain for 3 days following BTX-A IC, with no need for pain medication. No systemic effects (generalized muscle weakness, dysphonia, diplopia, dysphagia and respiratory function impairment [START_REF] Ruet | Single-fiber electromyography analysis of botulinum toxin diffusion in patients with fatigue and pseudobotulism[END_REF] were reported.

Discussion

This retrospective case study confirmed that BTX-A IC is an effective add-on therapy to PDE5-Is or PGE1 IC injection, with an effect that lasted for at least 6 months: 41 % of patients with ED who responded insufficiently to PDE5-Is or PGE1 IC injection responded at 6 months with BTX-A IC. In addition, both abobotulinumtoxinA (250 and 500 U) and onabotulinumtoxinA 100U IC appeared to be safe. The only side effect reported was mild pain during or after the IC injection in less than 1% of patients; no systemic side effects of BTX-A were reported. Such a high level of safety was also found in a study of onabotulinumtoxinA 100U injection in the detrusor muscle (also smooth muscle) in patients with neurogenic detrusor activity caused by multiple sclerosis [START_REF] Tullman | Low-dose onabotulinumtoxinA improves urinary symptoms in noncatheterizing patients with MS[END_REF] .

The primary endpoint of this study was a clinically meaningful improvement in the IIEF-EF score. This is commonly referred to as the minimal clinically important difference (MCID), and has been defined as the smallest change in a score in the domain of interest that patients perceive as beneficial and that would indicate a need for change in the patient's treatment, in the absence of side effects [START_REF] Jaeschke | Measurement of health status. Ascertaining the minimal clinically important difference[END_REF] . The MCID was achieved in 41% of patients at 6 months. At the time of writing, 22 of the 46 responder patients at 6 months had undergone further follow-up visits. In 18 (82%) of these patients, the response to BTX-A IC was sustained up to 11.2 [9.2 -19.4] months post BTX-A IC (data not shown).

Not surprisingly, the short-term response rate to BTX-A IC was higher in patients with mild baseline ED. In patients with ED caused by radical prostatectomy or SCI, BTX-A IC was less effective than in patients with ED associated with cardio-metabolic conditions (i.e. cardiovascular diseases and diabetes or other comorbidities. However, baseline ED (i.e. ED with standard treatment) was more severe in patients with radical prostatectomy or SCI than in those with cardio-metabolic conditions or other comorbidities. The response to BTX-A IC therefore seemed more influenced by the severity of the ED than by its etiology. However, this result was not confirmed at the late follow-up evaluation, probably due to a lack of statistical power resulting from the retrospective nature of the study. Of note is that most of the patients in the "other comorbidity(ies)" group who responded insufficiently to PDE5-Is or PGE1 IC injection had ED of psychogenic origin with no identified organic risk factors for ED. PDE5-Is is the first-line treatment for ED caused by either psychogenic or organic factors, however around 25 to 35% of patients do not respond to this treatment [START_REF] Hatzimouratidis | Non-responders to phosphodiesterase type 5 inhibitors: is there a second chance?[END_REF][START_REF] Huang | Phosphodiesterase-5 (PDE5) Inhibitors In the Management of Erectile Dysfunction[END_REF][START_REF] Yuan | Comparative effectiveness and safety of oral phosphodiesterase type 5 inhibitors for erectile dysfunction: A systematic review and network meta-analysis[END_REF] . Second-line therapy for these nonresponders consists of local pharmacological treatment [START_REF] Montorsi | Summary of the recommendations on sexual dysfunctions in men[END_REF] . It has been postulated that BTX-A IC has a chemical sympathectomy-like effect on the cavernosal nerve; by reducing the anti-erectile effect of cavernosal sympathetic innervation [START_REF] Dean | Physiology of penile erection and pathophysiology of erectile dysfunction[END_REF][START_REF] Andersson | Sympathetic pathways and adrenergic innervation of the penis[END_REF] , BTX-A IC enhances the pro-erectile effect of PDE5-Is or PGE1 ICI [START_REF] Giuliano | Safety and Efficacy of Intracavernosal Injections of AbobotulinumtoxinA (Dysport®) as Add on Therapy to Phosphosdiesterase Type 5 Inhibitors or Prostaglandin E1 for Erectile Dysfunction-Case Studies[END_REF] . In the case of ED of vascular origin, it has been proposed that BTX-A IC increases the cavernosal expression of VEGF and CD31 which could be involved in vasodilation and endothelial cell proliferation [START_REF] El-Shaer | Intra-cavernous injection of BOTOX® (50 and 100 Units) for treatment of vasculogenic erectile dysfunction: Randomized controlled trial[END_REF] .

Three preparations of botulinum toxin A (BTX-A) are commercially available and approved by the United States Food and Drug Administration and European Medicines Agency: onabotulinumtoxinA, abobotulinumtoxinA and incobotulinumtoxinA (Xeomin®, NT 201; Merz Pharmaceuticals GmbH, Frankfurt, Germany). These preparations differ from each other and are not interchangeable. The main difference between onabotulinumtoxinA and the other two types is the purification procedure.

OnabotulinumtoxinA is purified by repeated precipitation and re-dissolution, whereas abobotulinumtoxinA is purified by a column separation method [START_REF] Walker | Comparison and overview of currently available neurotoxins[END_REF] . Dose ratios between onabotulinumtoxinA and abobotulinumtoxinA are the subject of debate [START_REF] Walker | Comparison and overview of currently available neurotoxins[END_REF] , nevertheless, in the present study the effectiveness was not influenced by the type of BTX-A, either with a ratio of 2.5 or a ratio of 5 between ona and abo-botulinumtoxinA. In addition, we have recently found similar results for the early (2 months) effectiveness of incobotulinumtoxinA 100U IC in 35 patients using the same treatment paradigm (unpublished data).

As described in the introduction, the only large, randomized placebo-controlled clinical trial in patients with severe vasculogenic ED suggested that the duration of effectiveness of onabotulinumtoxinA was dose-dependent [START_REF] El-Shaer | Intra-cavernous injection of BOTOX® (50 and 100 Units) for treatment of vasculogenic erectile dysfunction: Randomized controlled trial[END_REF] . Similar findings have been reported for intradetrusor injections of BTX-A to treat neurogenic detrusor overactivity. In the present study, there was a trend towards a more pronounced decrease in effectiveness for abobotulinumtoxinA 250 U (relative decrease in effectiveness of 46% over time) when compared to 500 U (relative decrease in effectiveness of 28% over time). It is unlikely that this was influenced by severity, since around 50% of patients in each group had severe baseline ED (i.e.

ED with standard treatment) (data not shown). The lack of statistical significance may be due to the small sample size.

The main limitation of this study is that it was uncontrolled and retrospective. However, the large randomized, placebo-controlled trial described above found no placebo effect in patients with severe ED of vascular etiology treated by BTX-A IC [START_REF] El-Shaer | Intra-cavernous injection of BOTOX® (50 and 100 Units) for treatment of vasculogenic erectile dysfunction: Randomized controlled trial[END_REF] .

Conclusions

This study provides preliminary evidence to support the use of BTX-A IC as an add-on therapy to treat ED in insufficient responders to PDE5-Is or PGE1 ICIs: the duration of action was at least 6 months in 41% of patients with ED of varying etiologies and the treatment was safe. These results justify further assessment of the effectiveness and safety of BTX-A IC in randomized clinical trials. Such clinical trials are particularly important to determine the effectiveness of this add-on treatment in difficult to treat patients with ED of various etiologies, including radical prostatectomy. Table 2: ED severity according to IIEF-EF [START_REF] Rosen | Minimal clinically important differences in the erectile function domain of the International Index of Erectile Function scale[END_REF] , risk factors and etiologies of ED, treatment prior to BTX-A IC, type of botulinum toxin A IC delivered and IIEF-EF at baseline and time from injection to early assessment according to the response to botulinum toxin A (BTX-A) IC as an add on to their current pharmacological treatment in 123 consecutive patients who were insufficient responders at baseline to phosphodiesterase type 5 inhibitors or PGE1 intracavernosal injections and assessed at least once post-BTX-A IC.
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Early assessment at 34 [27-42] days post-BTX-A IC in 96 patients ED severity according to IIEF-EF 13

  

		Severe (n=42)	Moderate (n=24)	Mild (n=30)
	IIEF-EF at baseline (median [1 st quartile -3 rd quartile])	6 [6-7]	13 [12-14]	19 [18-20]
	IIEF-EF post BTX-A IC (median [1 st quartile -3 rd quartile)	9 [6-17]	18 [12.-24]	26 [23-28]
	Increase in IIEF-EF (median [1 st quartile -3 rd quartile)	2 [0-8.5]	5 [-1-11]	6 [3-9]
	Responders (n (%))	14 (33.3%)	12 (50%)	27 (90%)

Table 1 :

 1 IIEF-EF at baseline and post BTX-A IC, increase in IIEF-EF and responder rate according to ED severity in 96 consecutive patients who were insufficient responders at baseline to phosphodiesterase type 5 inhibitors or PGE1 IC injections assessed 34 [27-42] days post-BTX-A IC as an add on therapy to their current pharmacological treatment.

	Early assessment post-BTX-A IC in 96 patients
	Responders (n=53)	Non responders (n=43)

mean dose PGE1 (mean +/-standard deviation) µg

  

	EF post injection (median [1st quartile -3rd quartile)	26 [22-28]	8 [6-12]
	Time between injection and assessment (median [1st quartile -	33 [27-42]	36 [28-43.5]
	3rd quartile]) days		
		36.4 +/-18.2	38.5 +/-19.1
	PDE5-I + PGE1 n (%)	3 (5.7)	2 (4.7)
	Botulinum toxin type		
	onabotulinumtoxinA 100 U n (%)	24 (45.3)	17 (39.5)
	abobotulinumtoxinA 250 Speywood U n (%)	15 (28.3)	13 (30.2)
	abobotulinumtoxinA 500 Speywood U n (%)	14 (26.4)	13 (30.2)
	BTX-A ICI result		
	EF at baseline (median [1st quartile -3rd quartile])	17 [10-19]	7 [6-11 .5]