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[bookmark: _Toc211609661]SYNOPSIS OF THE CLINICAL STUDY REPORT

	Name of Sponsor
	Genera Research Ltd.

	Name of Finished Product
	Osteogrow-C, powder and solvent for implantation paste

	Name of Active Ingredient
	Recombinant human bone morphogenetic protein 6 (rhBMP6)

	Title of Study: A randomized, evaluator-blinded, dose-ranging, proof of concept study of efficacy, safety and tolerability of Osteogrow-C (rhBMP6 delivered in autologous blood coagulum [ABC] supplemented with synthetic ceramics as a compression resistant matrix) compared to bone autograft, after single local administration on top of osteosynthesis for the treatment of post-traumatic non-union of the tibia.
Protocol number: GR-OG-279239-04; EudraCT number: 2021-004034-11

	Coordinating Investigator: Univ. Prof. Dr. Catharina Chiari, MsC (until 30-JUN-2023); 
Univ. Prof. Dr. Reinhard Windhager (from 17-DEC-2024 onwards)

	Study Centers and Countries: Three centers in Austria.

	Publication: Not applicable

	Study Period: 15-DEC-2022 (first-subject-first-visit) to 06-FEB-2024 (last-subject-last-visit).
The trial was prematurely terminated on 15-JAN-2024 due to slow enrolment.

	Phase of Development: II

	Background and Rationale for the Study: Fracture non-union (FNU) is a rare complication of tibial fracture, resulting in considerable morbidity and disability. It is usually treated by performing or correcting osteosynthesis and autologous bone grafting. While bone autograft is considered the “gold standard” for inducing FNU healing, its use is constrained by the naturally limited amount of autologous bone and associated with incremental risks and side-effects of bone harvesting. The only medicinal product ever approved for the treatment of tibial FNUs was rhBMP7 (OSIGRAFT, OP-1 IMPLANT), a paralogue of rhBMP6, which is no longer available on the market.
Osteogrow (rhBMP6 in ABC) is a novel BMP-based investigational product, an implant that locally stimulates bone formation. Its safety and ability to accelerate healing of trabecular bone in humans have already been demonstrated in patients with distal radius fracture or high tibial osteotomy. Osteogrow-A and Osteogrow-C are stiffer formulations of Osteogrow containing a compression resistant matrix (CRM) - bone allograft or synthetic ceramics, respectively. The former was tested in patients undergoing posterolateral lumbar interbody fusion and showed generally similar clinical efficacy as autologous bone graft with a better safety profile (fewer serious or severe adverse events).
This trial was undertaken to explore the efficacy and safety of Osteogrow-C for the treatment of FNU of the tibia, a condition that primarily affects cortical bone, and to support the design of further studies in this indication where an unmet medical need for effective and safe alternatives to autologous bone grafting exists. 

	Objectives and Outcome Measures (Endpoints) 
Primary objective: To evaluate the efficacy of two strengths of Osteogrow-C (two rhBMP6 dose levels) in patients with FNU of the tibia, after single local administration on top of osteosynthesis and compared to bone autograft.
· Primary efficacy endpoint: The incidence of clinical success at 9 months after surgery, where clinical success is defined as: (a) full weight-bearing on the treated leg, or ability to walk using one crutch at most, with (b) less than severe pain on weight-bearing, and (c) no additional surgical procedure related to the non-union.
· Secondary efficacy endpoints:
· The incidence of clinical success at 6 and 12 months after surgery.
· Walking ability at baseline and 2, 3, 6, 9 and 12 months after surgery, based on the patient’s response to Question 6 of the American Academy of Orthopedic Surgeons Lower Limb Outcomes Questionnaire (AAOS-LLQ). 
· Weight-bearing at baseline and 1, 3, 6, 9 and 12 months after surgery, expressed as a percentage of body weight.
· Pain intensity in the treated leg over time, at rest and on weight-bearing/walking, assessed by the patient using a numerical rating scale (NRS).
· The incidence of radiographic union of the tibia at 3, 6, 9 and 12 months after surgery, based on each of the following definitions:
· Cortical bridging (continuous bony connection of the non-union gap) on at least 3 out of 4 cortices on anteroposterior (AP) and latero-lateral (LL) projections.
· Cortical bridging on at least 6 out of 8 cortices on AP, LL and two oblique projections.
· Cortical bridging visible on at least 1 out of 4 projections (AP, LL and two oblique).
· AAOS-LLQ score at baseline and 2, 3, 6, 9 and 12 months after surgery.
Secondary objective 1: To evaluate the safety and tolerability of Osteogrow-C when used for the treatment of FNU of the tibia on top of osteosynthesis and compared to bone autograft.
· Safety endpoints:
· The incidence and type of treatment-emergent adverse events (TEAEs), where TEAE is defined as any adverse event (AE) occurring after the start of surgery. 
· Change from baseline (CFB) in hematology, clinical chemistry and urinalysis findings on postoperative day (POD) 3 and 1 month after surgery.
· CFB in vital signs on POD 3, at discharge from the hospital, and at each onsite follow-up visit.
· CFB in physical examination findings at discharge from the hospital and at each onsite follow-up visit.
· CFB in electrocardiogram (ECG) findings on POD 3.
· The occurrence of anti-rhBMP6 antibodies at baseline and 3, 6, 9 and 12 months after surgery.
· The incidence of heterotopic ossification at 3, 6, 9 and 12 months after surgery.
· The incidence of local signs of inflammation at the FNU site (erythema, oedema, tenderness, wound discharge) over time, based on the blinded evaluator’s assessment using a 4-grade scale ranging from 0 (absent) to 3 (severe).
· CFB in knee and ankle range of motion at 1, 3, 6, 9 and 12 months after surgery.
· Intraoperative blood loss, estimated using a modified Lopez-Pikado’s formula. 
· Tolerability endpoints:
· The incidence of implant-related TEAEs of severe intensity.
· Pain intensity in the area of iliac crests over time, assessed by the patient using a NRS. 
Secondary objective 2: To evaluate the overall clinical outcome after FNU treatment with Osteogrow-C, when used on top of osteosynthesis and compared to bone autograft. 
· "Other" endpoint: The incidence of overall clinical success at 6, 9 and 12 months after surgery, where overall clinical success is defined as: (a) clinical success, with (b) less than moderate pain in the area of iliac crests, and (c) no serious implant- or implant/surgery-related TEAEs.
Secondary objective 3: To evaluate the effects of study treatments on patient’s work ability and quality of life. 
· "Other" endpoints:
· Work ability at baseline and 2, 3, 6, 9 and 12 months after surgery, based on the Work Productivity and Activity Impairment Questionnaire (WPAI:GH) score.
· Quality of life at baseline and 3, 9 and 12 months after surgery, based on physical component summary (PCS) and mental component summary (MCS) scores from the SF-36 questionnaire. 
Additional "other" endpoints, related to more than one of the objectives, included the following procedural indicators of FNU surgery: (a) operative time, defined as the period from first incision until skin closure; (b) length of hospital stay from surgery day (Day 0) until discharge; and (c) the incidence and number of non-union revision surgeries within 12 months after Day 0. 

	[bookmark: _Hlk140596408]Methodology: This was a Phase II, proof of concept trial of Osteogrow-C in patients with FNU of the tibia, designed as a comparative, randomized, evaluator-blinded, parallel group, dose-ranging, active treatment-controlled study. Thirty-six eligible subjects were to be randomly assigned in an overall 1:1:1 ratio to one of the following treatment arms:
· Autograft: autologous bone graft from the iliac crest. 
· Low-dose Osteogrow-C: 0.1 mg/mL rhBMP6 in ceramics-supplemented ABC, up to 1 mg rhBMP6 (10 mL ABC) in total.
· High-dose Osteogrow-C: 0.2 mg/mL rhBMP6 in ceramics-supplemented ABC, up to 2 mg rhBMP6 (10 mL ABC) in total. 
The assigned treatment was to be applied during the FNU surgery, after open reduction and internal fixation of the FNU performed in a manner deemed appropriate by the surgeon (any previously implanted osteosynthesis devices were to be retained or replaced at the surgeon’s discretion). 
Study participants were to be screened within 1 month before the day of surgery (study Day 0), admitted to the hospital on Day -1 or Day 0 in line with routine practice, and kept in the hospital for 3 to 7 days after surgery, depending on the postoperative course. Follow-up visits were scheduled 1, 3, 6, 9 and 12 months after surgery. In addition, 2 months after surgery, participants’ health status and physical functioning were to be checked via phone call. 
Follow-up included various clinical measurements or assessments, patient-reported outcome measures, FNU X-rays (anteroposterior, lateral and two oblique projections), laboratory tests (hematology, blood chemistry, urinalysis, anti-rhBMP6 antibodies) and ECG, performed at the time points indicated in the respective endpoints. AEs and information on concomitant medication were collected from the start of the surgery visit (also called the Day 0 visit, started one day before surgery and lasted until discharge) onwards. Physical therapy was provided in line with local standards of care and recorded at each follow-up visit. For women of child-bearing potential, a urine pregnancy test was to be performed at each visit. 
X-rays taken at 3, 6, 9 and 12 months after surgery were to be centrally reviewed by three readers, blinded for treatment allocation and time point of assessment. They independently scored the healing of each tibial cortex visible on each X-ray projection according to the Radiographic Union Scale in Tibial fractures (RUST) and assessed the presence of heterotopic ossification. 
Other blinded assessments included all postoperative clinical assessments of the treated leg as well as the causality assessment of AEs, which were performed locally by blinded evaluators. The low and high dose of Osteogrow-C were to be administered and evaluated in a double-blind manner.
The study was overseen by an Independent Data and Safety Monitoring Board (IDSMB). The IDSMB was immediately notified of any serious AEs reported during the study and was empowered to suspend enrolment and/or request an interim safety analysis at any time during the study. The IDSMB was blinded but could request unblinding at any time, if needed for decision making.

	Number of Subjects: Planned: 36 plus optional replacements; Enrolled: 1.

	Diagnosis and Main Criteria for Inclusion: Fracture nonunion.
Main inclusion criteria: Adult (≥18 years), skeletally mature males or females with FNU of the tibia resulting from a traumatic, unilateral, displaced, isolated, closed, extra-articular tibial fracture previously treated with an osteosynthetic device and non-responsive to conservative and/or alternative treatment (e.g., electrical stimulation, ultrasound, skeletal fixation with or without supplemental bone graft). The diagnosis had to be confirmed by medical history and radiographic analyses showing no healing progression over previous 3 months.

	Test Product, Dose, Mode of Administration, Batch Number(s) 
Test product: Osteogrow-C (rhBMP6 delivered in ABC supplemented with synthetic ceramics [10 cc of CE-marked, highly porous, 1-2 mm ß-tricalcium phosphate granules per 10 mL blood] as a CRM). 
Osteogrow-C was to be prepared before administration using the Osteogrow kit and 10 mL of the patient’s peripheral blood. Osteogrow kit consisted of Box A (containing two vials of rhBMP6 0.5 mg sterile freeze-dried powder) and Box B (containing solvent, synthetic ceramics, and other ancillary items for Osteogrow-C preparation). Depending on the rhBMP6 dose, one or two packages of Box A and one Box B were to be used. 
Doses: 
· Low-dose Osteogrow-C: 0.1 mg/mL rhBMP6 in a ceramics-supplemented ABC, up to 1 mg rhBMP6 (10 mL ABC) in total.
· High-dose Osteogrow-C: 0.2 mg/mL rhBMP6 in a ceramics-supplemented ABC, up to 2 mg rhBMP6 (10 mL ABC) in total.
Given the variable size of bone defects after FNU reduction, Osteogrow-C was to be applied in an amount sufficient to fill the bone gap and cover the adjacent periosteum. The amount used was to be estimated by the surgeon and expressed as a percentage of the total volume of the implant (10 mL).
Mode of administration: Implantation at the FNU site after open reduction and internal fixation of the FNU. Osteogrow-C was to be placed around the FNU site, in contact with the prepared bone surface ends and covering the adjacent periosteum, followed by closure of the surrounding soft tissues around the implant.
Batch numbers: Box A: O220104A; Box B: O220204A and O220204B.

	Duration of Treatment: Single administration.

	Reference Treatment: Autologous bone graft from the iliac crest (autograft). Autograft was to be harvested in a manner deemed appropriate by the surgeon and implanted around the FNU site in the same way as described for the test product. 

	Statistical Methods: This study was designed to explore the efficacy, safety and tolerability of two strengths of Osteogrow-C in patients with FNU of the tibia, and to estimate the clinical success rate 9 months after surgery relative to bone autograft. No formal hypothesis was to be tested. In addition to descriptive analyzes of the collected data, exploratory between-arm comparisons were planned for 
the primary and secondary efficacy endpoints (using Fisher’s exact test or Mann-Whitney U test as appropriate, depending on the type of data), some safety endpoints (Fisher’s exact test for the incidence of AEs, TEAEs and, if data allow, their key subcategories [e.g., serious events, implant-related events and similar]), and the incidence of overall clinical success at applicable time points („other” endpoint, Fisher’s exact test).
Given that only one subject was enrolled in the study, no statistical data analysis was performed.

	Summary of Results
Subject disposition: Three subjects were screened for the study, and one was enrolled. The enrolled subject was randomized to the autograft arm, received the allocated treatment, and completed the planned 12-month follow-up.
Demography and baseline characteristics: The enrolled subject was a white woman in her mid-40s diagnosed with extra-articular FNU of the proximal tibial segment (NUSS score 42), resulting from an open Gustilo-Anderson type III fracture sustained approximately 5.5 months before screening and treated with external fixation. Comorbidities included supracondylar FNU of the ipsilateral femur, resulting from a fracture sustained simultaneously with the tibial fracture, post-traumatic vascular problems in the femoropopliteal vascular segment, and previous Scedosporium apiospermum infection on the ipsilateral lower leg that was still being treated with oral voriconazole; the affected leg was 5 cm shorter. 
On study Day 0, the tibial FNU was treated with a locking plate and autograft from the iliac crest. The concurrent femoral FNU was operated on the same day using a plate-assisted bone segment transport (PABST) technique, which was not a study procedure. This technique involves a subsequent docking procedure at the site of the bone defect after bone transport is complete. The latter was performed on POD 100, along with the additional procedure on the tibia listed below.
Efficacy results: The treated subject achieved full weight-bearing and almost painless walking with one cane/crutch within 6 months of FNU surgery; the same outcome was present at 9 months. Walking without support was restored by month 12 and was almost painless (NRS pain score 1). Despite a favorable clinical outcome, clinical success was not achieved at any time point because approximately 3.5 months after surgery, on POD 100, the subject underwent an additional surgical procedure related to the tibial FNU – the locking plate was removed due to skin infection in the same area. Tibial FNU was considered healed by the surgeon, and no alternative fixation was applied after plate removal. Given that only one subject was enrolled in the trial and received the control treatment, the remaining efficacy and “other” outcomes were not analyzed. 
Safety and tolerability results: Five TEAEs in total were reported for the enrolled subject; two serious events (skin infection and arthrolysis) and three non-serious events (influenza, sinusitis, and joint range of motion decreased). Arthrolysis and decreased joint range of motion (ROM) occurred in the ipsilateral knee. Apart from a moderately severe skin infection, other TEAEs were mild. All TEAEs except decreased knee ROM resolved during follow-up. No TEAE was considered related to the implant (autograft). Skin infection and decreased knee ROM were considered possibly or definitely related to the surgical procedure. Other safety and tolerability variables were not analyzed.

	Conclusions: The trial was prematurely terminated due to slow enrolment. Given that only one subject was included and allocated to the control arm, no conclusions can be drawn about the efficacy, safety, or tolerability of Osteogrow-C in patients with FNU of the tibia.

	Date of Report: 03-DEC-2025
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