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	Study title
	STEFFI: skeletal muscle-derived cell implantation for the Treatment of fecal incontinence: a multicentre, randomized, double-blind, placebo-controlled, parallel-group, dose-finding clinical study

	Investigational product
	Autologous skeletal muscle-derived cells

	Indication studied
	Fecal Incontinence

	Sponsor
	Innovacell Biotechnologie AG

	Study code
	IC-01-02-02-007

	Study coordinator
	Prof. Andrea Frudinger, MD
Medizinische Universität Graz Univ.
Klinik für Frauenheilkunde und Geburtshilfe Auenbruggerplatz
14 8036 Graz, Austria

	Number of study sites
	15 sites located in 9 European countries (Austria, Bulgaria, Czech Republic, France, Germany, Slovenia, Sweden, Switzerland and United Kingdom)

	Study period
	First Patient First Visit: 27-Nov-2013
Last Patient Last Visit: 19-Oct-2016

	Phase of development
	Phase IIb

	Objectives
	

	Primary variable
	· Changes in incontinence episode frequency (IEF) at day 180 from baseline, in each treatment group

	Secondary efficacy variables
	· Change in IEF at day 28 and day 90 from baseline, in each treatment group
· Change in the Wexner score at day 90 and day 180 from baseline, in each treatment group
· Change in the Visual Analogue Scale (VAS) at day 90, day 180, day 360 and day 720 from baseline , in each treatment group
· Frequency of reduction of fecal incontinence (FI) by more than 20% at day 28, day 90, day 180, day 360 and day 720 from baseline, in each treatment group
· Frequency of reduction of FI by more than 50% at day 28, day 90, day 180, day 360 and day 720 from baseline, in each treatment group
· Frequency of reduction of FI by more than 75% at day 28, day 90, day 180, day 360 and day 720 from baseline, in each treatment group
· Frequency of reduction of FI by more than 90% at day 28, day 90, day 180, day 360 and day 720 from baseline, in each treatment group
· Frequency of patients in remission at day 90 and day 180
· Changes in the anorectal manometry data at day 180 from baseline, in each treatment group
· Patient-reported quality of life (QoL) score at day -92, day 0, day 90, day 180, at day 360 and day 720, in each treatment group
· Investigator-reported Clinical Global Impression (CGI) score at day -92, day 180, day 360 and day 720, in each treatment group 
· Change in the volume or thickness of external anal sphincter assessed by 3D sonography, at day 180 from baseline, in each treatment group
· Examinations based on the incontinence diary records: faecal incontinence data (i.e. number of completed days, faecal incontinence events by type of event) and weighted faecal incontinence score
· Pharmacoeconomic evaluation

	Secondary safety variables
	· Physical examinations (including abdomen-anal examination)
· Vital signs
· Standard hematology, blood chemistry, and urinalysis
· Pregnancy test
· Concomitant medication
· Adverse events (AEs) and serious adverse events (SAEs)

	Methodology
	This was a multinational, multicentre, randomized, double-blind, dose-finding, placebo-controlled study with a parallel group design. Patients considered by the investigator to suffer from FI with external anal sphincter weakness or sphincter damage were considered for inclusion. Patients were to be randomized in a double-blind manner in a ratio of 1:1:1 to one of the 3 following treatment groups: LCC group (5±1x106 aSDMC), HCC group (50±10x106 aSDMC) or placebo group (cell-free suspension). Recruitment of patients per site was not limited and was competitive across countries and sites.
Study data were collected through an electronic case report form (eCRF) after the investigator had obtained written informed consent form from the patient.

	Number of patients
	252 patients were planned to be randomized (84 patients per group); 288 patients were screened and 251 randomized (79 in PBO group, 83 in LCC group and 75 in HCC group)

	Inclusion and exclusion criteria 
	The study population consisted of adult male and female patients suffering from FI with external anal sphincter weakness or sphincter damage. 
Female and male patients were eligible for inclusion into the study if all of the following criteria were met:
1. Patient 18 years of age,
2. Patient suffering from fecal incontinence for more than 6 months, which is confirmed at screening by relevant medical history and anorectal examination,
3. Patient with Wexner score >9 and with at least 3 episodes of fecal incontinence per week as measured in the bowel diary prior to Visit -1,
4. Patient with no indications against a surgery under anesthesia,
5. Patient willing and able to comply with the study procedures,
6. Patient who is mentally competent and able to understand all study requirements,
7. Patient who agree to read and sign the informed consent form prior to any study-related procedures,
8. Patient willing to use acceptable methods of contraception (birth control pills, barriers, or abstinence) [For female patients of childbearing potential].
The following interim inclusion criterion had also to be fulfilled: 
9. Patient with a minimum of 3 non-gaseous incontinence episodes per week measured using the diary during the 2-week period prior to Visit-1 (day -70)
A patient was not eligible for inclusion in the study if any of the following criteria were met:
1. Patient with pathological findings considered clinically relevant by the investigator (excluding sphincter damage) based on rectoscopy, anorectal manometry and ultrasound at the screening visit (e.g. grade I haemorrhoids were considered acceptable)
2. Patient who had undergone any anorectal surgery within the last 6 months prior to screening visit
3. Patient with more than one overlap repair surgery
4. Patient with more than 2 anorectal surgical procedures in total (e.g. primary repair after delivery and one overlap repair later-on or in- and explantation of a permanent neurostimulation system)
5. Patient with overlap repair and associated early atrophy of external anal sphincter
6. Patient with a history of artificial anal sphincter surgery
7. Patient with trans- or perianal injection of any bulking products
8.  	Patient with a malignant disease not in remission for 5 years or more
9.  	Patient who had undergone radiation therapy of the bowel and pelvis
10. Patient who had undergone chemotherapy within last 5 years prior to study enrolment 
11. Patient with chemotherapy related neuropathy of the bowel and pelvis
12. Patient with compromised immune system and/or rheumatic disease
13. Patient under immunosuppressive therapy
14. Patient with a diagnosis of chronic inflammatory bowel disease
15. Patient with current and/or recurrent anal fistula disease
16. Patient with chronic diarrhea
17. Patient suffering from a disease which has not been resolved within a timeframe prior to screening as follows: fever and/or diarrhea of unknown reasons (4 weeks), HAV (4 months), toxoplasmosis (6 months), osteomyelitis, Q fever, rheumatic fever, tuberculosis, or Salmonella infections (2 years), and malaria (4 years)
18. Patient who, according to the clinical judgment of the investigator, is not suitable for inclusion due to acute anal sphincter injury including obstetric and other trauma, acute disc prolapse, or neurological diseases (spinal cord injury, multiple sclerosis, Parkinson’s disease, stroke, etc.)
19. Patient with uncontrolled diabetes mellitus type I or II, or suffering from diabetic peripheral neuropathic pain
20. Patient diagnosed with human immunodeficiency virus (HIV), acute or chronic viral hepatitis HCV, acute or chronic viral hepatitis HBV, active Syphilis, HTLV (tested upon risk assessment by investigator)
21. Patient diagnosed with any kind of skeletal muscle disease and/or neuronal disorders
22. Patient with known hypersensitivity to any component of the product (autologous cells, ringer’s lactate, human serum albumin, DMSO, bovine proteins, fibroblast growth factor)
23. Patient with clinically relevant abnormal laboratory values, any persistent chronic bacterial infections as well as local infections as indicated by a high level of the C-reactive protein (i.e. >35 mg/L) and confirmed by bacteriological analysis, or with any bleeding disorder
24. Patient who, according to the clinical judgment of the investigator, is not suitable for this study
25. Patient who is currently participating or has participated in another clinical trial (testing a medical device or drug) within 30 days prior to the study begin or has previously participated in the current clinical study
26. Patient who is pregnant, lactating, or intending pregnancy in the near future (before Visit 4), and of childbearing potential who is not willing to use acceptable methods of contraception up to Visit 4 (birth control pills, barriers, or abstinence) or who has a positive pregnancy test (only to be performed in women of childbearing potential)
27. Patient dependent from the Sponsor, CRO, or the investigator (e.g. employees, relatives, etc.)
28. Patient deprived of his/her liberty by a judicial or administrative decision, patient admitted to a hospital, social institution or who is under a measure of legal protection, patient hospitalized without consent or who is in an emergency situation
29. Patient with severe myocardial disorders, irregular pulse or a pacemaker
30. Patient with implantations of metal components in the electrical stimulation treatment area
31. Patient with chronic constipation and/or overflow incontinence
The following interim exclusion criteria had also not to be fulfilled: 
32. Patient with persistent bacterial infection(s) confirmed by clinical signs and positive results in bacteriological testing at Visit-1 (Salmonella (Typhus), F. tularensis (Tularaemia), M. leprae (Leprosy), Brucella, Rickettsia). Bacteriological analysis had to be performed for patients with an elevated level of the CRP (i.e. >35 mg/L). CRP level and results of the bacteriological analyses had to be checked at Visit 0 to ensure the patients had no bacteriological infections.

	Study treatment
	Autologous skeletal muscle-derived cells (aSMDC) derived from a muscle biopsy of autologous origin expanded in vitro
The patients were injected with a liquid cell suspension containing either a low cell count (i.e. 5 ± 1 x 106 cells, LCC) or a high cell count (i.e. 50 ± 10 x 106 cells, HCC)

	Reference treatment
	Liquid free-cell suspension

	Duration of treatment
	Cell implantation was performed under sterile conditions in an operation room and required 1 day hospitalization.

	Study procedures
	· Serology and bacteriological analysis were to be performed at screening visit (V-2) and prior to the biopsy
· Rectoscopy and ultrasound were to be performed at V-2 and V4
· Pelvic floor electrical stimulation was to be performed daily during a 4-week period 2 weeks after the biopsy visit (from day -56 to day -28), and immediately after the cell implantation (from day 1 to day 28)
· Muscle biopsy was to be carried out 70 days before cell implantation
· Cell implantation was to be performed between 70 and 98 days after muscle biopsy
· Anorectal manometry was to be performed at V-2 and V4
· 3D-sonography was to be performed at cell implantation and V4

	Sample size
	Assuming an effect size of 0.5 for the frequency of decal incontinence episodes and based on a Wilcoxon rank-sum test one-sided with an -level of 2.5%, 69 patients per group were needed to achieve a power of 80%. In order to control for a dropout rate of about 15-20% during the treatment phase (from the randomization to the assignment of a treatment to the patient to V4 at the latest), a total of 252 patients should be randomized, i.e. 84 patients per treatment arm.

	Statistical methods
	3 data sets were defined for efficacy analyses:
· The intention-to treat (ITT) set consists of all randomized patients who have received the study treatment (cell implantation performed), for whom implantation was successful (based on implantation report), and for whom baseline and at least one post-baseline evaluation (V3 or V4) of incontinence episode frequency (IEF) per 7 days are available;
· The modified intention-to-treat (mITT) set consists of patients from the ITT population excluding patients 03-001 to 03-020;
· The per protocol (PP) set consists of all patients of the ITT set who completed the main study period (until Visit 4) without any major protocol violations.
A safety set (SS) was defined for safety analysis: it consists of all patients for whom it cannot be ruled out that they were exposed to any study procedure (blood sampling, biopsy, implantation, electric stimulation), regardless of the amount of the IMP administered. In case of patients having received treatment that differs from that assigned by the randomization, the safety analyses were conducted according to the treatment actually received.
For the primary efficacy criterion, The difference in the change of IEF per 7 days from baseline at day 180 between treatment groups was investigated within a hierarchical test procedure using a one-sided Wilcoxon rank-sum test (SAS® PROC NPAR1WAY) with an -level of 2.5% for each step. Descriptive analyses and statistical tests were provided using last observation carried forward (LOCF) method, consisting in replacing missing IEF per 7 days at day 180 by the last IEF per 7 days available (day 90). A sensitivity analysis was also conducted without any data replaced (i.e. without using LOCF method). A mixed model for repeated measures (MMRM) was used on the ITT and PP sets as a sensitivity analysis to assess whether the difference of IEF change from baseline (day -28 to day -1) was different between treatment groups across the post-baseline visits (V3 and V4) of the whole study period.

	Summary / Conclusions
	

	Population:
	From Nov-2013 to Jun-2015, 288 patients were screened in 15 sites and 251 (87.2%) patients were randomized. Overall, 96% of the randomized patients completed the study according to the protocol (i.e. up to 6 months of follow-up, Visit 4)
All screened patients (N=288) were included in the safety set, 237 (82.3%) and 217 (75.3%) were included in the ITT and mITT sets, and 204 (70.8%) were included in the PP set. Of the 237 patients included in the ITT set, 79, 83, and 75 patients were randomized to PBO group, LCC group, and HCC group, respectively.

	Baseline characteristics:
	Patients in the ITT set were mainly women (92.0%), causasian (99.2%) and had a median age of 63.0 years (IQR 53.8-70.0). Most patients were recruited in Austria (31.2%) and Germany (29.1%). They had a median time since first diagnosis of FI of 5.3 years (IQR 2.7-9.9) and most of them (96.2%) had FI with urge (70.9%) or passive (25.3%) incontinence. The most common associated conditions were muscle damage (51.9%), atrophy (33.3%) and pelvic floor dysfunction (13.5%). None of the patients had associated constipation, and very few had associated diarrhea (3.4%), nerve damage (3.4%) or loss of storage capacity (0.4%).
Overall, 31.2% of the patients had at least on prior medication condition (i.e. stop date prior or equal to study enrolment), mainly perianal injuries (10.1%) and anoplasty (5.1%). Very few patients (5.9%) had received prior medication or procedure within 3 months before enrolment.
A large majority of patients (71.7%) had concomitant disease (i.e. ongoing disease or medical condition at enrolment), mainly hypertension (27.4%), hypothyroidism (19.4%), depression (11.0%). Almost all patient (98.3%) were receiving at least one concomitant medication or procedure at enrolment, mainly anesthetics (75.1%), antibacterials for systemic use (48.1%) and blood substitutes and perfusion solutions (32.5%).
As regards to baseline characteristics, there were no relevant difference between treatment groups and no clinically relevant data that would be unexpected in this population of patients with fecal incontinence.

	Efficacy results:
	Primary endpoint, IE frequency 6 months after cell implantation
· HCC treatment resulted in statistically greater mean reduction in IEF from baseline at 6 months compared to placebo.
· LCC treatments resulted also in a greater mean reduction in IEF from baseline at 6 months compared to placebo, but this difference did not reach significance 
· No significative difference between HCC and LCC was observed .
· Exploratory analysis conducted on a subset of patients with disease duration ≤10 years and specifically in patients with more than 6 IEF at baseline and in patients with more than 2 IEF at baseline whereby traces are not counted as IE, showed similar results.
Secondary endpoints
· IEF results at 1 and 3 months support 6-month results, with absolute changes from baseline at 1 and 3 months being higher for the LCC and HCC groups than for placebo.
· IEF results at 12 months also confirm 6-month results, with absolute and relative change from baseline at 12 months being higher for the LCC and HCC groups than for placebo. Additionally, although not statistically significant, a trend in favor of a higher reduction of IEF was observed in favor of the HCC group compared to LCC and placebo groups.
· Wexner score reduced 3 months after cell implantation with no further change at 3 and 6 months in each treatment group.
· Detrimental effect of FI, as measured by a VAS, reduced 3 and 6 months after cell implantation with no further change at 12 months in each treatment group. Although not statistically significant, a trend in favor of a higher reduction was observed in favor of the HCC and LCC groups compared to placebo.
· Response rate increased between 1 and 3 months after cell implantation with no further change at 6 and 12 months in each treatment group. Although not statistically significant, a trend in favor of a higher response rate was observed in favor of the HCC group at each time point. Exploratory analysis conducted on a subset of patients with disease duration ≤10 years and more than 2 IEF at baseline whereby traces are not counted as IE showed a statistically significant higher response rate at 12 months in the LCC and HCC groups compared to placebo.
· Approximately 35% of the patients achieved remission 3 months after cell implantation with no further change at 6 and 12 months in each treatment group.
· Anorectal manometry outcomes did not show any major change over time regardless of treatment group.
· FI-QoL sub-scores increased 6 months after cell implantation with no further change at 12 months in each treatment group. Although not statistically significant, QoL tend to be better improved in HCC group than in PBO and LCC groups.
· Clinical improvement, as assessed by CGI scale was observed 6 months after cell implantation with no further change at 12 months. Improvement was markedly greater in HCC group compared to LCC and placebo groups.
· The number of weekly incontinence free day increased 3 months after cell implantation in all treatment groups, with a higher increase in HCC group compared to LCC and placebo groups. No further change was observed at 6 and 12 months in LCC and placebo groups, while frequency of incontinence free day continued to increase at 6 and 12 months in HCC group.


	Safety results:
	Only, one patient randomized in the LCC group died from dilochocolon during the course of the study, but AE was neither related to study procedures nor to study treatment. Seventeen patients (5.9%) experienced 25 serious TEAEs (other than death) during the course of the study, mainly exposure during pregnancy (3 patients, 1.0%) and two subarachnoid hemorrhage (2 patients, 0.7%-none of them related to IMP or any study procedure). All other serious TEAE did not occurred at a frequency >0.3% overall and >1.3% in each treatment group (i.e. occurred in more than 1 patient). 
In the end, out of the 163 patients treated with aSMDC, 64 IMP-related (2.4%), 2 biopsy-related (1.2%), 25 16 implantation-related (9.8%) and 12 8 electrical stimulation related TEAEs (4.9%) were reported and occurred in 3.1%, 1.2%, 9.8% and 4.9 % of the patients respectively summing up to a total treatment-related AE number and rate of 43 44 events in 19 30 patients.
Altogether, all the data reported here allow us to conclude that the IMP and all the associated procedures present a safety profile allowing further development the aSMDC monotherapy approach in FI.

	Conclusion
	The STEFFI result fulfills requirements of a successful phase IIb study. First of all, it has demonstrated the proof of principle of aSMDC injection into the external sphincter for the treatment of fecal incontinence in a clinically meaningful manner. Moreover, HCC treatment resulted in statistically greater mean reduction in IEF from baseline at 6 months compared to placebo. Therefore, it allows the selection of the optimal dose to further develop the product in this indication. In addition, we demonstrated the safety of the treatment method as well as the safety of the cells. 
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