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The East of England 

Priorities Advisory Committee 
A function of the Programme 

GUIDANCE STATEMENT 

Bone Morphogenetic Proteins(BMP) 

Revised January 2015 

PAC recommendation 

 This policy applies to the use of BMP in conditions detailed below which may be commissioned 

by CCGs. The use of BMP in other conditions not specifically included in this policy which may 

be commissioned by CCGs, is not supported. 

 This policy does not include the use of BMP for specialist services/conditions 

commissioned by NHS England. e.g. revision of previous spinal surgery. 

See NHS England policies http://www.england.nhs.uk/ 

CCG commissioning of BMP is recommended: 

1. For acute tibial fractures with Grade IIIB fractures (i.e. more severe cases): 

Dibotermin alfa is recommended as an adjunct to standard care using open fracture reduction and 

intramedullary nail fixation in patients in whom there is a substantial risk of non-union. It is restricted to 

patients treated with unreamed intramedullary nails. 

CCG commissioning is not recommended: 

1. In skeletally immature individuals defined as those who can reasonably be expected to not 

have fusion of the long bone epiphyses, in other words they are still growing (variant; 

normally in girls below 16 years and in boys below 19 years. To be individually confirmed). 

2. For repeat doses or sequential use of BMPs due to the possible development of antibody production. 

Background 

BMPs are growth factors that promote ectopic bone formation and can be extracted from 

demineralised bone matrix. 

There is currently one product available in the UK, dibotermin alfa (rhBMP-2) (inductOs). 

Dibotermin alfa is produced by recombinant technology.1 

Eptotermin alfa (rhBMP-7) (Osigraft) was withdrawn from the market in August 2014.  

A fracture is a broken bone. Most fractures heal within 20 weeks. The time to fracture union depends 

on a number of factors, including: severity of injury, presence of an open wound, number of fracture 

fragments, associated vascular injury, part of the bone fractured and method of fracture treatment. A 

fracture that does not heal in the time expected, as established by the clinician, is considered a 

delayed union. The rate of delayed unions varies by fracture severity from 16-60% for less severe 

fractures, to 43-100% for more severe fractures. A fracture that demonstrates motion at the bony ends 

and is not completely healed within six months is considered a non-union. Non-unions can lead to 

significant pain, inhibition of function and decreased personal and professional productivity 

with the potential for associated reductions in patients’ health-related quality of life. The rate of non- 



 

 

PAC - Bone Morphogenetic Proteins 

This is an NHS document not to be used for commercial or marketing purposes 2 of 12 
 

unions has been reported to range from 4-10%.2 

Dibotermin (rhBMP-2) is indicated for: 

 Single-level (L4 – S1) anterior lumbar spine fusion as a substitute for autogenous bone graft 

in adults with degenerative disc disease who have had at least 6 months of non-operative 

treatment for this condition. 

 The treatment of acute tibia fractures in adults, as an adjunct to standard care using open fracture 

reduction and intramedullary unreamed nail fixation.3 

Safety 

The FDA issued a warning in July 2008 that use of recombinant human bone morphogenetic protein  

products (e.g.dibotermin and eptotermin) in cervical spine fusion had been associated with at least 

38 reports of swelling of neck and throat tissue, with resultant compression of the airway or 

vulnerable neurological structures. Complications were often life-threatening, and had required 

respiratory support and/or tracheotomy in some cases. The use of alternative treatments or 

enrolment in approved clinical studies was recommended when treating cervical spine problems. 4
 

Local adverse events for dibotermin include leg pain, oedema, infection, knee, ankle pain and 

hardware failure. Overall, pain was significantly lower in the dibotermin implant groups; 67%, 68% 

and 79% in the 0.75mg/ml, 1.50mg/ml and control group respectively. Antibodies to BMP -2 and type-

I bovine collagen have been reported to occur in 6-10% and 5-20% respectively of patients treated 

with this product. Patients with hardware failure (mostly screw breakage or bending) were 

significantly lower in patients treated with the 1.50mg/ml dibotermin implant compared to the control 

group; 11% and 22% respectively. In the subset of patients with type III fractures, the rate of 

fracture site infection was significantly lower in the 1.50mg/ml group compared to control group; 

24% vs. 44% respectively. One patient died in each of the three groups but none of the deaths were 

considered to be due to the implant. 

In the pooled safety data analysis for dibotermin, the type III fracture patients receiving 1.50mg/ml 

had significantly lower screw breakage; 11% vs. 25%, and significantly lower infection rates; 21% vs. 

40% than in the control group respectively. In the reamed intramedullary nailing subgroup although 

the infection rate was lower than the control group the difference was not significant. 5
 

Evidence and supporting information summary 

1. A Cochrane review looking at the evidence for BMP for fracture healing in adults included 11 

trials. All were flawed which means that their results may be biased. Four trials 

involved people with acute fractures of the tibia (shin bone). Evidence from these trials 

showed that BMP may enhance healing of these fractures, and that people with these 

fractures when treated with BMP required fewer subsequent procedures. Six trials testing 

BMP for fractures that had not healed during first course of treatment (non-unions) 

showed BMP was neither better or worse at healing than bone grafts. One small trial found 

no difference between BMP and done grafts in people whose bone had been cut so in order 

to treat a healed but misaligned fracture. Trial participants who received BMP experienced 

similar adverse effects to those not receiving BMP (infection, hardware failure, heterotopic 

bone formation and immunogenic reactions). However, patients given BMP instead of bone 

autografts will have avoided problems associated with extraction of the bone from another 

site in their body.2
 

2. Dibotermin alfa is accepted for restricted use within NHS Scotland for the treatment of 

acute tibia fractures in adults, as an adjunct to standard care using open fracture reduction 

and intramedullary nail fixation in patients in whom there is a substantial risk of non -union. 

It is restricted to patients treated with unreamed intramedullary nails. Cost effectiveness 

has only been shown in Gustilo-Anderson Grade IIIB fractures.5
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 3. A Health Technology Assessment reviewed three trials (n=494, 2 trials used rhBMP-2 

(dibotermin) and one rhBMP-7), which showed that use of BMP increased fracture union 

among patients with acute tibial fractures [pooled odds ratio (OR) 1.65 (95% CI 1.12 to 

2.45]. Analysis was dominated by data from a large trial for use inopen tibial fracture 

(OTF). The use of BMP reduced the number of secondary interventions in patients with 

acute tibial fractures compared with controls. Additional BMP treatment plus conventional 

interventions is more effective than conventional intervention alone for successful union of 

acute open tibial fractures.6
 

4. There is no evidence showing that the use of BMP is more or less effective than 

conventional treatment for closed tibial fractures.6 

5. The marketing authorisation for dibotermin has been granted for adjunctive treatment of 

acute tibia fractures and makes no further restriction. However, the trials only included 

patients with open tibial fractures and required that rhBMP-2 be implanted within 14 days of 

the occurrence of the fracture with the intention of promoting union of the fracture. Thus 

there are no data for closed fractures or for the management of later fracture complications 

such as non-union.5
 

6. The budget impact of dibotermin is estimated by the manufacturer to be an additional 

£141,000 per year for an estimated 79 patients per annum with grade IIIB fractures.5 

7. Data indicates that BMP increases fracture union among patients with acute tibial fractures and high 

dose BMP is more effective than a lower dose for open tibial fractures.6 

8. The healing rate with BMP is not statistically significantly different from the autogenous 

bone grafting group for patients with tibial non-union fractures, but BMP reduces the 

number of secondary interventions in patients with acute tibial fractures compared with 

controls.6
 

9. There is very limited evidence that BMP in scaphoid non-union is safe and may help to 

accelerate non-union healing when used in conjunction with either autograft or allograft. 6
 

10. There is evidence that dibotermin is more effective than autogenous bone graft for 

radiographic fusion in patients with single-level degenerative disc disease.6 

11. The use of BMP is associated with a reduced operating time, improvement in clinical 

outcomes and a shorter hospital stay as compared with autograft.6 

12. The proportion of secondary interventions tends to be lower with BMP than control groups, but this is 

not of statistical significance.6 

13. Trial data on time to return to work postoperatively are sometimes difficult to interpret because 

of unclear or inappropriate data analysis methods.6 

14. BMP may eliminate the need for autogenous bone grafting so that costs and complications related 

to harvesting autograft can be avoided.6 

15. In non-unions there is no evidence that BMP is more or less effective than bone graft; 

however, it is currently used when bone graft and other treatments have failed.6 

16. A systematic review of thirteen RCTs and 31 cohort studies showed that for lumbar spine 

fusion, dibotermin and iliac crest bone graft were similar in overall success, fusion, and 

other effectiveness measures and in risk for any adverse event, although rates were high 

across interventions (77% to 93% at 24 months from surgery). For anterior lumbar 

interbody fusion, dibotermin was associated with non-significantly increased risk for 

retrograde ejaculation and urogenital problems. For anterior cervical spine fusion, 

dibotermin was associated with increased risk for wound complications and dysphagia. At 

24 months, the cancer risk was increased with dibotermin (risk ratio, 3.45 [95% CI, 1.98 

to 6.00]), but event rates were low and cancer was heterogeneous. 7
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17. The largest number of spinal fusion cases using BMP devices has been for anterior lumbar 

interbody fusion. Although radiologic fusion occurs at a consistently faster rate among 

recipients of the BMP device than among recipients of autologous bone grafts, clinical 

outcomes (pain and disability) appear no different. Regardless of technique, improvements 

in pain and disability are reported by similar proportions of participants in all the arms of all 

the trials. One small scale trial has reported radiologic fusion in all participants in both BMP 

and autologous bone graft arms and improvement in neck pain scores for all participants. 

BMP devices for lumbar fusion are safe and appear equivalent to autologous bone 

graftprocedures for spinal fusion in terms of patient outcomes with the notable exception 

that patients undergoing autologous bone graft report pain at the donor site. Laparoscopic 

approaches yield reductions in postoperative length of stay compared to conventional open 

approaches.8
 

18. See appendix I for further evidence from an American technology assessment. 9
 

Cost analysis 

A cost-utility evaluation was submitted by the manufacturer of dibotermin for the Scottish Medicines 

Consortium review. The evaluation looked at dibotermin as an adjunct to standard care involving 

intramedullary nail fixation and routine soft tissue management compared to standard care alone in 

the treatment of open tibial fractures. The comparator chosen was appropriate for practice in 

Scotland. The main data source for efficacy was the primary phase III clinical trial for dibotermin 

(the BESTT study). Although adding dibotermin increases the costs of treatment of open tibial 

fractures, partial cost offsets were obtained from a reduction in need for secondary interventions, 

lower rate of infections and reduced number of outpatient visits due to faster healing time for the 

dibotermin patients. Utility gains were obtained from faster healing time for patients receiving 

dibotermin, resulting in a net incremental cost per QALY gained of £14,007. However, this overall 

result was derived from an analysis of fracture sub-groups based on the Gustilo-Anderson severity 

grade, with higher grade equating to greater severity. For fracture grades covered in the economic 

evaluation, the estimate of incremental cost per QALY gained for the dibotermin patients with grade 

IIIA fractures was over £30,000 and for grade II fractures was over  £54,000, whereas for grade 

IIIB fractures incremental cost-effectiveness was estimated at £1,600 per QALY gained. The overall 

result of £14,007 was based on an analysis of the estimated proportion of patients with fractures of 

each grade annually in Scotland.5
 

The economic case for dibotermin for all patients with open tibial fractures has not been 

demonstrated, although there is a case for cost-effectiveness for a sub-group with grade IIIB 

fractures.5
 

The incremental cost of BMP for open tibial fractures is estimated to be about £3.5 million per year in 

the UK. The estimated incremental cost per quality-adjusted life-year (QALY) gained is £32,603. The 

probability that cost per QALY gained is less than £30,000 for open tibial fracture is 35.5%. The cost -

effectiveness ratio is sensitive to the price of BMP and the severity of open tibial fractures. The cost -

effectiveness of additional BMP may be improved if the price of BMP is reduced or if BMP is mainly 

used in severe cases. The use of BMP for spinal fusion surgery may increase the cost to the UK NHS 

by about £1.3 million per year. The estimated incremental cost per QALY gained was about £120,390. 

The probability that BMP is cost-effective (i.e. cost/QALY less than £30,000) was only 6.4%. From the 

societal perspective, the estimated total cost of using BMP for spinal fusion is about £4.2 million per 

year in the UK.6
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Assessment against Ethical and Commissioning Principles 

Treatment assessed 

(December 2014) 
Bone Morphogenic Proteins 

East of England Priorities 

Advisory Committee 

Recommendation 

Please refer to the main statement on page 1 

Clinical effectiveness See under evidence and supporting data and Appendix I. 

Safety 

The FDA issued a warning in July 2008 that use of recombinant 

human bone morphogenetic protein products in cervical spine fusion 

had been associated with at least 38 reports of swelling of neck and 

throat tissue, with resultant compression of the airway or vulnerable 

neurological structures. Complications were often life-threatening, 

and had required respiratory support and/or tracheotomy in some 

cases. The use of alternative treatments or enrolment in approved 

clinical studies was recommended when treating cervical spine 

problems. 

Cost effectiveness 

The FDA issued a warning in July 2008 that use of recombinant 

human bone morphogenetic protein products in cervical spine fusion 

had been associated with at least 38 reports of swelling of neck and 

throat tissue, with resultant compression of the airway or vulnerable 

neurological structures. Complications were often life-threatening, 

and had required respiratory support and/or tracheotomy in some 

cases. The use of alternative treatments or enrolment in approved 

clinical studies was recommended when treating cervical spine 

problems. 

Equity and health 

inequalities 
There are other alternatives. 

Patient choice and access Not applicable 

Budgetary impact/ 

affordability 
None expected - as already commissioned. 

Risks from agreeing to fund or 

not to fund 

There is as yet no published NHSE policy. Risk if the patient falls 

between NHSE policy and PAC policy. 

Implementation 

and achievability 

considerations 

Not applicable. 

 



 

 

PAC: Bone Morphogenetic Proteins 

This is an NHS document not to be used for commercial or marketing purposes 7 of 12 
 

Appendix 1 

Agency for Healthcare Research & Technology. Technology assessment. Bone Morphogenetic Protein: The state of evidence of on-label and off-label use. Original 

6/8/2010; correction 13/12/2010. http://www.cms.gov/Medicare/Coverage/DeterminationProcess/downloads/id75ta.pdf9 

Executive summary table - Conclusions according to key questions 

Note: US trade names are quoted in this paper: 

 INFUSE® Bone Graft - rhBMP-2 

 OP-1® - rhBMP-7 

Key questions Conclusion 

1. What is the evidence supporting improved 

outcomes with on-label* use of rhBMP-2 

(INFUSE®) for fusion of the lumbar-sacral 

spine? 

* Spinal fusion procedures in skeletally mature 

patients with degenerative disc disease (DDD) at 1 

level from L2-S1 

The strength of the body of evidence for improved outcomes with on-label use of rhBMP-2 

(INFUSE®) was graded as moderate. Two RCTs reported radiographic fus ion outcomes to be 

similar to that of autograft bone. No significant adverse events were attributed to rhBMP-2 in any 

study. However, the size and duration of the RCTs are not sufficient to precisely determine the 

frequency and severity of adverse events. Thus, the evidence gives moderate support to clinical 

benefit from the use of rhBMP-2 as patients can avoid the additional procedure of autograft bone 

harvest and its associated adverse events. 

2. What is the evidence supporting improved 

outcomes with on-label* use of rhBMP-7 (OP- 1®) 

for fusion in the lumbar spine? 

* Revision posterolateral lumbar spinal fusion 

No comparative studies were identified for this Key Question. The strength of evidence is 

insufficient, thus no conclusions can be reached. 

3. What is the evidence supporting improved 

outcomes with on-label* use of rhBMP-7 (OP- 1®) 

in recalcitrant long bone non-unions? 

* Alternative to autograft in recalcitrant long 

bone non-unions where use of autograft is 

unfeasible and alternative treatments have 

failed 

There are two RCTs and one retrospective cohort study. The risk of bias in this evidence is high. In 

one RCT, the intervention arm was confounded by use of a mix of bone graft extenders, and it was 

unclear if radiographic outcomes were assessed independently. In the second RCT the BMP arm 

had higher risk for poor outcomes, and thus the effect of BMP could be underestimated. The third 

study was nonrandomized and thus had high risk of bias. Device-related harms are inconsistently 

reported in this literature. The strength of the body of evidence on radiographic fusion, pain, and 

function outcomes is low. 
 

http://www.cms.gov/Medicare/Coverage/DeterminationProcess/downloads/id75ta.pdf9
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Key questions Conclusion 

4. What is the evidence supporting improved 

outcomes with on-label* use of rhBMP-2 

 

(INFUSE®) for the treatment of acute, open The main evidence is in one RCT (n=450) (BESTT) that compared two different doses of rhBMP-2 

shaft tibial fractures? versus standard of care. The RCT is supported by a combined subgroup analysis that pooled data from 
patients with Gustilo-Anderson type III fractures in BESTT with data from a second smaller 

* Acute, open tibial shaft fractures that have unpublished RCT (n=60) with identical design. The strength of the body of evidence on clinical 
been stabilized with IM nail fixation after outcomes is moderate for on-label use of rhBMP-2 to enhance bony fusion in acute open shaft 

appropriate wound management. The device 
must be applied within 14 days after the 
initial fracture. 

fractures. 

5. What is the level of evidence and summary Three RCTs were identified in which rhBMP-2 was used according to the FDA-approved marketing 
of evidence for the on-label* use of rhBMP-2 label in patients undergoing staged bilateral or unilateral maxillary sinus floor augmentation and 
(INFUSE) for sinus augmentation? extraction socket alveolar ridge augmentation procedures. The strength of the body of evidence is 

* Sinus augmentations, and for localized moderate that rhBMP-2 does not provide an advantage in prosthesis implantation and functional 

alveolar ridge augmentations for defects loading compared to autograft plus allograft bone. However, there is also moderate evidence that 

associated with extraction sockets oral sensory loss associated with autograft bone harvest can be avoided by use of rhBMP-2. 
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Key questions Conclusion 

 The strength of evidence for off-label uses was graded only for settings that had more than one 

comparative trial involving patients with bony defects sufficiently similar to allow synthesis. 

 Lumbar-Sacral Spine rhBMP-2 There are six randomized and five nonrandomized comparative 

studies of off-label use of rhBMP-2 in fusion of the lumbar-sacral spine. The two largest RCTs 

were rated “fair” and are given greatest weight in this review of evidence. Among all six RCTs, 

interstudy variables included rhBMP-2 dose, surgical approach, carrier matrix formulation, and 

interbody devices. Despite the use of different surgical approaches and unapproved 

formulations and instrumentation, the strength of evidence that rhBMP-2 improves radiographic 

fusion success is moderate. No conclusions can be drawn regarding the potential impact of the 

off-label components on radiographic fusion success. The strength of evidence that rhBMP-2 

improves other outcomes is low. 

rhBMP-7 

6. For which indications are there clinical The best available evidence for the efficacy of rhBMP-7 used off- label for lumbar spinal fusion 
studies in which BMP is used off-label? In comes from one randomized trial. There are three additional small, poor quality trials. The 
such studies, what is the evidence of the evidence is insufficient to draw conclusions on the off-label use of rhBMP-7 in fusion of the 
effectiveness of BMP? lumbar-sacral spine. 

 Cervical Spine rhBMP-2 The evidence consists of one randomized trial and four nonrandomized 

comparative studies of off-label use of rhBMP-2 for cervical spinal fusion. Two small studies, a 

randomized trial and a nonrandomized comparative study, reported on radiographic fusion 

success and changes in mean neck disability scores. The other 3 nonrandomized studies 

focused mainly on complications. 

 There is moderate evidence that off-label use of rhBMP-2 in anterior cervical spinal fusion 

increases cervical swelling and related complications. There is insufficient evidence to draw 

conclusions about radiographic fusion success or associated changes in neck disability scores.  

 There are 10 additional off-label uses, each with a single small study, most rated as poor quality. 

 There is insufficient evidence to draw conclusions about any of these off-label uses. 
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Key questions Conclusion 

 

Overall the evidence on BMP-specific harms is insufficient to draw conclusions in most settings. 

 There is moderate evidence that off-label use of rhBMP-2 in cervical spinal fusion increases 

7. What is the evidence of adverse events with cervical swelling and related complications. 

(a) on-label use of BMP and (b) off-label use of The body of evidence suggests that autograft bone harvest is associated with pain at the 
BMP? And, at what dosage and administration harvest site, but it is not possible to systematically assess the frequency, duration, and clinical 
do such adverse events occur? significance. Overall, autograft harms were inconsistently reported. It is not clear that the absence 

of reported harms in many studies reflects true absence, or whether the investigators did not seek 

such data or did not report it. 

 

BMP-specific harms in comparative studies were assessed using a modification of the McHarms survey. 

The quality of reporting in the 41 comparative studies reviewed in this assessment is 
8. What is the quality of reporting of adverse 

variable and inconsistent, in particular with respect to attribution of harms to BMP use and the 
events in publications? Provide summary to 

use of standardized or validated instruments to collect harms. It also is not clear that the absence 
support conclusion. 

of reported harms in many studies reflects true absence, or that the investigators did not seek such data 

or did not report it. 
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Key questions Conclusion 

 When base case analyses assume identical initial hospitalization costs within the Medicare 

diagnosis-related group payment system, use of rhBMP-2 dominates the alternative strategy for 

both open tibial fracture and spinal fusion. In sensitivity analyses, the incremental cost -

effectiveness ratios (ICERs) for both open tibial fracture and spinal fusion are highly influenced 

by the assumed added cost of rhBMP-2. 

 Open Tibial Fracture 

 Assuming rhBMP-2 to be an added cost of $3,000, the ICER when all other variables were at 

mean or middle values was $49,204 per quality-adjusted life year (QALY) gained. Excluding the 

lowest and highest values for one influential variable, ICERs ranged between $24,471 and 

 $64,181 per QALY gained. Assuming the cost of rhBMP-2 to be $1,000 yields a mean ICER of 

 $7,960 per QALY gained and a restricted range between $5,201 and $16,771 per QALY gained. 

 When rhBMP-2 is assumed to cost $5,000, rhBMP-2 becomes much less cost- effective, with a mean ICER 

of $90,449 per QALY gained and a range of $59,101 to $190,491 per QALY gained. 

 At a cost for rhBMP-2 of $8,000, the mean ICER is $152,317 per QALY gained, with a range of 

 $99,525 to $198,677 per QALY gained. 
9. What is the incremental cost effectiveness 

As concluded in Key Question 4, of the effects of rhBMP-2 in on- label treatment of acute open 
of the use of BMP for spinal fusion and tibial tibial shaft fracture, evidence is moderate that healing is enhanced and need for secondary 
fracture? intervention is reduced. These outcomes are reflected in QALY differences captured in the 

 Markov model. 

 Spinal Fusion 

 Assuming that rhBMP-2 was an added cost of $3,000, the ICER for all other variables at mean or 

middle value was $121,160 per QALY gained. Excluding the lower and upper values of one 

influential variable, the restricted range of ICERs was between $56,959 and $162,714 per QALY 

gained. At a cost of $1,000, the mean ICER is $37,785 per QALY gained and the range is between 

 $17,763 and $50,557. If rhBMP-2 is assumed to cost $5,000, the mean ICER is $204,536, and 

range is from $96,155 to $274,870 per QALY gained. When the cost of rhBMP-2 is assumed to be 

 $8,000, the mean ICER is $329,599 per QALY gained and the range is from $154,948 to $443,385 per QALY 

gained. 

 As concluded in Key Question 1, of the effects of on-label lumbar spinal fusion, evidence is 

moderate, consistently showing similar and possibly better frequency of fusion and avoidance of 

bone graft harvest adverse events. The spinal fusion cost-effectiveness analysis relies primarily in 

the effectiveness component results on the avoidance of bone graft donor site pain.  
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Key questions Conclusion 

 

Among all studies the mean reported age was typically in the mid- to upper-50-years range. A 

10. What is the age distribution of study randomized trial performed by Glassman and colleagues is the study identified as most relevant 

patients compared to the Medicare population to the age 65 years and older Medicare population. The Glassman study does not specifically 

(age 65 and older)? What are the considerations relate outcomes to age or comorbidities. 

in generalizing evidence from trials to the 
The considerations relevant to generalizing from studies in the non-Medicare population include 

age 65 and older Medicare populations (such patient age, presence of comorbidities such as osteoporosis or diabetes. However, in generalizing 
as comorbid conditions in the Medicare 

from available studies to the Medicare population, BMP dose and surgical methods should also be 
population and this population’s susceptibility to 
adverse events). 

considered. 

 


