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Abstract

Recombinant human Bone Morphogenetic Protein-2 (rhBMP-2) is licensed in Europe for open tibia fractures treated with unreamed nails. However, there is limited data available on the specific use of rhBMP-2 in combination with unreamed nails for open tibia fractures. The intention of the current study was to analyse the medical and health-economic effects of rhBMP-2 in Gustilo-Anderson grade III open tibia fractures treated with unreamed nails based on pooled data analysis of two previously published studies. Cox-regression analysis was performed on raw data of 90 patients that were either treated by standard of care with soft tissue management and unreamed nailing (SOC group) (n=50) or with rhBMP-2 in addition to soft tissue management and unreamed nailing (rhBMP-2 group) (n=40). For all types of revision, a significant lower percentage of patients (27.5%) of the rhBMP-2 group had to be revised compared to 48% of the patients of the SOC group (p=0.04). When only invasive secondary interventions such as bone grafting and nail exchange were considered, there was also a statistically significant reduction in the rhBMP-2 group with a revision rate of 10.0% (4 of 40 patients) compared to the SOC group with a revision rate of 28.0% (14 of 50 patients) (p=0.01). Mean fracture healing time of 228 days in the rhBMP-2 compared to 266 days in the SOC group was not statistically significant (p=0.24). Health-economic analysis based on a societal perspective with calculation of overall treatment costs after initial surgery and including productivity losses revealed savings of €6,239 for Germany and €4,752 for the UK in favor of rhBMP-2 which was mainly driven by reduction of productivity losses due to faster fracture healing time. In conclusion, rhBMP-2 reduces secondary interventions in patients with grade III open tibia fractures treated with an unreamed nail and its use leads to net savings for Germany and the UK from a societal perspective. 
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1. Introduction
Recombinant human Bone Morphogenetic Protein-2 (rhBMP-2) is licensed in orthopaedic trauma surgery in Europe for open tibia fractures treated with unreamed nails. The first clinical trial of rhBMP-2 in open tibia fractures was published by Govender et al. [1] and showed a statistically significant reduction of secondary interventions which was the primary outcome parameter of this study by the additional use of rhBMP-2 compared to standard soft tissue management and intramedullary nailing alone Govender et al. (2002). Furthermore, secondary parameters such as fracture healing time, hardware failures (p=0.017), infections in association with Gustilo-Anderson type-III and wound-healing were significantly better for the 1.5 mg/ml rhBMP-2 group compared to SOC. Within this study, a statistically higher percentage of the patients receiving the 1.5 mg/ml rhBMP-2 dose (41%), which is the established clinical dosage for open tibia fractures, were treated with a reamed nail compared to the standard of care group (27%) suggesting that the observed improved medical outcome in the rhBMP-2 was not related to rhBMP-2 but to the effects of reaming. Aro et al. [2] investigated the effects of 1.5 mg/ml rhBMP-2 in patients with open tibia fractures treated with a reamed nail which and found no statistically significant acceleration of healing compared to reamed nail fixation alone after 12 and 20 weeks by rhBMP-2. A further finding was the non-significant decrease of infection rates in the control (11%) compared to the rhBMP-2 (19%). The potentially elevated infection risk in patients treated with reamed intramedullary nail fixation in combination with rhBMP-2 then led to limitation of the license of rhBMP-2 to unreamed nailing technique in open tibia fractures. However, currently there is no available evidence in the literature looking specifically at the effects on the licensed rhMP-2 use in open tibia fractures treated with an unreamed nail. The intention of the current study was to analyse the medical and health-economic effects of rhBMP-2 in grade III open tibia fractures treated with unreamed nails based on pooled data analysis of two previously published studies. Hypothesis was that rhBMP-2 reduces secondary intervention rates and leads to financial savings from a societal health economic perspective. 



2. Materials and methods

2.1. Patient data 
Patient raw data from the previously published study from Govender et al. [1] and from Swiontkowski et al. [3] were used for the current analysis. In both studies the effects of 1.5 mg/ml rhBMP-2 on an absorbable bovine collagen type I sponge as additional treatment to soft tissue management and intramedullary nailing compared to soft tissue management and intramedullary nailing alone (standard of care, SOC) was analysed. The study from Govender et al. [1] is a prospective, randomised and controlled multicentre international study with 450 patients with open tibia fractures that showed that the additional application of 1.5 mg/ml rhBMP-2 significantly reduced secondary interventions for delayed fracture healing, significantly accelerated faster fracture healing time and significantly reduced infection rates in grade III open tibia fractures compared to SOC. The work of Swiontkowski et al. [3] combined the data from the study of Govender et al. [1] with findings from a 60 patient trial conducted in the United States and was intended to conduct a subgroup analysis on Gustilo-Anderson grade III open tibia fractures (subgroup 1) and reamed nailing technique (subgroup 2). 131 patients were identified for subgroup 1 where significant improvements in the rhBMP-2 group, with fewer bone grafting procedures, fewer invasive secondary interventions and a lower rate of infection, compared with the control group was identified. The second subgroup analysis of fractures treated with reamed intramedullary nailing did not reveal any significant differences between the two treatment groups. In these two studies no specific analysis on an unreamed patient group was done which is the purpose of the current work. Only patients with Gustilo-Anderson grade IIIA and IIIB from these two studies that were treated with a unreamed nail of the standard of care and 1.5 mg/ml rhBMP-2 group were included for the current study. Patient demographic data such as gender, age and tobacco use were extracted for each patient.

2.2. Outcome parameters
All operative surgical revision procedures for each patient were noted and separated into severe and less severe procedures for each treatment group. Severe procedures for delayed fracture healing were defined as bone grafting procedures, exchange nailing and fibular osteotomy, whereas dynamisation of nails was considered as less invasive procedure. A similar separation was done for infection treatment for which removal of the nail combined with debridement procedures was separated from less invasive irrigation and debridement with retention of the implant. Fracture healing time for each patient was also assessed. 

2.3. Health economic model
[bookmark: _GoBack]The transfer of the medical data into health economic figures is based on the model of Alt et al. that analysed the health economic impact of the use of rhBMP-2 in open tibia fractures treated with reamed and unreamed nailing [4]. In brief, the average overall secondary treatment costs of Gustilo-Anderson grade IIIA and B open tibia fractures are calculated on a per patient basis for the SOC group and for the rhBMP-2 group, respectively, for Germany and UK. The model is conducted from a societal perspective as it includes both direct health care costs, such as costs for revision surgery, and productivity losses as indirect health care cost parameter. 
For calculation of secondary surgery costs, for delayed fracture healing and infection treatment, the respective costs for the German and UK health care system based on reimbursement rate of the respective national care system to the hospital were determined from 2014 tariffs (Table 1). All secondary surgical procedures for delayed fracture healing and infection treatment were then calculated for all patients of the SOC and the 1.5 mg/ml rhBMP-2 groups (Table 2). These overall treatment costs were divided by the number of patients in the respective group leading to an average costs per patient per group. 

2.3.1. Calculation of secondary treatment procedures for Germany
The diagnosis (ICD-10-GM 2014) combined with the respective surgical procedure (OPS  Version 2014) were used to identify the related G-DRG 2014 code and the respective case mix index  for each type of secondary surgical intervention (Table 1). A base rate of €3,157 was used as average base rate for the German health care system for the calculation of the reimbursement payment from health insurances to the hospital. 
Invasive secondary interventions for delayed fracture healing were exchange nailing, autogenous bone grafting, autogenous bone grafting with re-osteosynthesis and fibula osteotomy. For exchange nailing and fibula osteotomy G-DRG 2014 I13E code with a case mix index of 1.34 was identified. With the official base rate for Germany for 2014 of €3,157, reimbursement of €4,230 was calculated for these procedures. G-DRG 2014 I13D code with a case mix index of 1.635 and a reimbursement of €5,161 was determined for autogenous bone grafting without modification of the osteosynthesis. For autogenous bone grafting with modification of the osteosynthesis G-DRG 2014 I13C code with a case mix index of 2.056 and a reimbursement of €6,490 was applied. For infection treatment, interventions with “irrigation and debridement and modification of the osteosynthesis” (DRG: I13D, case mix index: 1.635) were calculated with reimbursement of €5,161 per intervention. Payment of €4,315 was assumed for “irrigation and debridement interventions without modification of the osteosynthesis” (DRG: I12C; case mix index: 1.367). 
Outpatient treatment such as “removal of locking bolts for dynamisation” were calculated with a reimbursement of €372 (EBM 2000 plus). 

2.3.1. Calculation of secondary treatment procedures for UK
[bookmark: OLE_LINK3]Reduction of secondary treatment costs for UK 
Reduction of costs for secondary interventions for delayed fracture healing and infection treatment was calculated using National Tariff 2013-2014 coding (Table 1).  Only basic tariffs were applied that do not include any top ups, trim tariffs or Best Practice Tariffs (BPT), neither the market forces factor (MFF) which in NHS England are Hospital / Trust specific. For example for the Leeds Teaching Hospitals NHS Trust this is 4.62%. Tariffs in £ were converted into € using an exchange rate of 0.73 £/€ which represents the average exchange rate from January 1st - April 1st, 2015 [5].
For secondary interventions for delayed fracture healing, National Tariff 2013-14 HRG Code: (Soft Tissue or Other Bone Procedures) was used for HA25C “bone grafting procedures” and HA21C “revision by plate fixation” with a reimbursement of £2,557 (€3,502) and £5,907 (€8,090) per case respectively. “Exchange nailing” HA22C and “fibular osteotomy” HA23C receive reimbursement of £3,623 (€,4962) and £2,995 (€4,102) per procedure respectively. HA23C with a rate ££2,995 (€4,102) per case was applied for “dynamisation” and “removal of nails”. Regarding infection treatment, for “irrigation and debridement only” and for “irrigation and debridement with additional modification of the internal fixation” for severe infections such as removal of the implant and application of external fixation” a reimbursement of £1,092 (€1,496) and £3,623 (€4,962) was selected, respectively.


2.3.2 Calculation of productivity losses  
The time point of resumption of work was not assessed in the studies of Govender et al. [1] and Swiontkowskiet al. (2006) [3]. According to our previous published health economic model in which fracture healing time was deemed to correspond with resumption of work this approximation was also used for the current study [4].  
Daily cost for productivity losses in Germany and the UK, respectively, was found by first taking the 2013 labor cost per hour [6] inflated to 2014 price level using consumer price index [7] and then controlling for average hours worked [6], working days per year [8;9] and unemployment rate [6]. This resulted in a standardized labor cost per day of €133 for Germany and €93 for the UK.

2.4. Statistical analysis   
The difference in the proportion of surgical revision procedures between the rhBMP-2 and the SOC group was statistically tested using the chi-squared test. For the purpose of economic evaluation, we used linear regression method to estimate the mean difference in time to healing between the rhBMP-2 and the SOC group, in which the dependent variable was time to healing (days) and the independent variable was the use of rhBMP-2 (x=1) or not (x=0). P-values < 0.05 were considered to be statistically significant.  
Productivity loss assumed to correspond with fracture healing time was by far the parameter with the highest health economic impact. Therefore, the lower 5% confidence bound for the mean difference of productivity loss time was calculated on which conservative calculation of savings in this context could be based. 








3. Results

3.1. Patient data 
From the total number of 450 patients from the study of Govender et al. [1] and 60 patients from the work of Swiontkowski et al. [3], 90 patients were identified that had sustained a Gustilo-Anderson grade IIIA or grade IIIB open tibia fracture, and that were treated with an unreamed intramedullary nail either in the SOC or in the 1.5 mg/ml rhBMP-2 group. 50 patients were included in the SOC and 40 patients in the 1.5 mg/ml rhBMP-2 group. 

3.2. Risk for secondary surgical procedures 
For all types of revision including less invasive procedures such as dynamisation of nails, 11  of the 40 patients of the rhBMP-2 group (27.5%) had to be revised compared to 25 of the 50 patients in the SOC group (48.0%) which means a statistically significant reduction of revision procedures for patients treated with rhBMP-2 (p=0.04). If only invasive secondary interventions such as bone grafting and nail exchange were considered, there was also a statistically significant reduction in the rhBMP-2 group with a revision rate of 10.0% (4 of 40 patients) compared to the SOC group with a revision rate of 28.0% (14 of 50 patients) (p=0.012) (Table 2).

3.3. Fracture healing time 
Mean fracture healing time was 228 days in the rhBMP-2 and 266 days in the SOC group. According to the results of linear regression analysis, the mean difference in time to healing between the rhBMP-2 group and the control group was 37.91 days (95% CI: -3.75 to 79.57), which was statistically non-significant (P=0.074). According to its 90% confidence interval (3.06 to 72.76), the lower 5% confidence bound for the mean difference of productivity loss time was 3.06.  

3.4. Health economic assessment
3.4.1 Health economic results for Germany
The average costs per case for secondary interventions was €1,915  for the standard of care group and €730 for the rhBMP-2 group for Germany (Table 2). 
A difference in fracture healing of time 38 days can be assumed to result in differences in productivity losses of €5,054 in favor of the rhBMP-2 group per case with an average overall productivity loss of €35,378 and €30,324 per case for the control and the rhBMP-2, respectively (Table 3).
The average total costs for direct secondary treatment and indirect productivity losses amounted to €37,293 and €31,054 for the control and the rhBMP-2 group per case, respectively (Table 4). This leads to savings of €6,239 for the rhBMP-2 group per case compared to the control group which exceeds by far the price for rhBMP-2 of approximately €3,000 for Germany. 

3.4.2 Health economic results for the UK
For UK, secondary intervention costs of €2,385 and €1,167 were calculated for the standard of care group and rhBMP-2 group, respectively, with savings of €1,218 in favor for the rhBMP-2 group (Table 2).
There is a difference in productivity losses based on the faster fracture healing of time 38 days in the rhBMP-2. With an average daily productivity loss of £93, a difference of £3,534 was recorded between the rhBMP-2 and the standard of care group (Table 3).  
In summary, costs including productivity losses are €27,123 and €22,371 for the standard treatment and the rhBMP-2 group, respectively, with savings of €4,752 per patient treated with rhBMP-2. Compared to the product price of rhBMP-2 (InductOs® Medtronic BioPharma B.V) of €XXXX (£1,720 after the application of the standard Medtronic NHS discount to the NHS list price of £2,023.40), it can be stated that those savings exceed the upfront price of the product. 




4. Discussion

The current study shows a significant effect of the additional use of rhBMP-2 in patients with Gustilo-Anderson type 3 A and 3 B open tibia fractures on the reduction of secondary surgical interventions, including less invasive procedures such as dynamisation of nails compared to patients that receive soft tissue management and unreamed nailing alone. This significant reduction was also observed if only invasive procedures such as bone grafting and nail exchange were considered. 
Overall revision rates in the current study in the control group of 48.0% can be deemed in line with reported complication rates in grade III open tibia fractures, which vary between 18% for Gustilo-Anderson grade III A and 65.6% for grade III B injuries in a large series of 128 cases treated with a reamed nail from Court-Brown et al. [10]. 
Also in the pivotal clinical trial on the use of rhBMP-2 in open tibia fractures from Govender et al. [1] including reamed and unreamed nailing technique, the use of BMP-2 was shown to lead to a reduction in secondary surgical interventions both for invasive such as re-osteosynthesis, bone grafting etc. and less invasive procedures such as locking bolt removals. The study of Swiontkowski et al. [3] confirmed this positive effect of rhBMP-2 in Gustilo-Anderson grade III A and B open tibia fractures with significant reduction of invasive secondary procedures and infection rates compared to the control group. The publication of Aro et al. [2]  did not show any significant differences between rhBMP-2 and standard of care in patients with open tibia fractures treated with a reamed nail. The current work is the first one that specifically looks at patients with open tibia fractures treated with rhBMP-2 and an unreamed nail. 
It contains patient raw data from two different studies from Govender et al. [1] and Swiontokowski et al. [3] from which only patients that were treated with an unreamed nail were taken into consideration for the current study. Both studies looked at the effects of 1.5 mg/ml rhBMP-2 as additional treatment to soft tissue management and intramedullary nailing compared to soft tissue management and intramedullary nailing alone (standard of care, SOC) in open tibia fracture patients and used the same study design and protocol. Therefore, pooled data analysis from these two studies for the current work can be deemed adequate keeping in mind that the current analysis does not represent a full stand-alone prospective trial. 
Health economic analysis shows that the use of rhBMP-2 in patients with grade III open tibia fractures is a cost-saving treatment in for Germany and UK from a societal perspective if direct secondary treatment costs and indirect productivity losses are included. Savings of €6,239 for Germany and €4,752 for the UK in favor of rhBMP-2 can be assumed per patient. The key driver for these health economic savings is the faster fracture healing in the rhBMP-2. For this analysis a similar health economic model was used in our previous analysis for the effects of rhBMP-2 in grade III open tibia fractures including reamed and unreamed nailing  [4]. This study showed the same effects with faster fracture healing and was associated with high savings on productivity losses for the rhBMP-2 patient group. The main drawback of this health economic model is that no direct patient data were available relevant to the time to resumption of work. Therefore, fracture healing time was used also as the time for work resumption and the subsequent calculation of productivity losses, which does not necessarily represent the actual productivity losses. However, this approach was used in the rhBMP-2 and in the control group providing a comparable basis for this calculation. In contrast to the previously used model, a more detailed approach for the calculation of the average daily productivity loss was chosen including average hours worked, working days per year unemployment rate. This resulted in a standardized labor cost per day of €133 for Germany and €93 for the UK compared to €181 and €164 in the initial study [4]. This explains the reduced impact of productivity losses on the overall results by decreasing difference in productivity losses from €8,145 for Germany in the study of Alt et al. [4] to €5,054 in the current work both in favor of rhBMP-2 compared to standard of care. For UK, differences in productivity losses were decreased from €7,380 [4] to €3,534 in the current work. 
Other studies on the health economic value of rhBMPs on long bones could also demonstrate superior results to treatment without rhBMPs.  Dahabreh et al. [11] showed that the use of BMP-7 was leading to a reduction in direct treatment costs in patients with complex and persisting fracture non-union in long bones. In summary, overall treatment cost of persistent fracture non-unions were reduced highly significantly by the use BMP-7 by 47 % compared numerous previous unsuccessful treatments (p[image: ]=[image: ]0.001). 
In a further study, the same group [12] published an analysis on direct costs from a UK hospital perspective for the treatment of aseptic nonunions after tibial fractures with autogenous bone grafting from the iliac crest (n=12) compared to BMP-7 (n=15) treatment. ICBG treatment added up to a total cost of £6,831 per patient compared to BMP-7 with  £7,294 per patient, including the price for the growth factor of £3,002. All patients of both groups healed their non-union, however, there was a statistically faster bone healing in the BMP-7 group of 5.5 months compared to 6.9 months in the ICBG group. It can be stated that this would certainly have impacted the health economic result if the study had included indirect costs such as productivity losses. 
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