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Material DBM Gel with rhBMP-2 versus DBM Gel Used during
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Objective : This study is to evaluate the efficacy and safety of demineralized bone matrix (DBM) gel versus DBM gel with
recombinant human bone morphogenetic protein-2 (rhBMP-2) used in transforaminal lumbar interbody fusion (TLIF).

Methods : This study was designed as a prospective, multi-center, double-blind method, randomized study. All randomized
subjects underwent TLIF with DBM gel with rhBMP-2 group (40 patients) as an experimental group or DBM gel group (36 patients)
as a control group. Post-operative observations were performed at 12, 24, and 48 weeks. The spinal fusion rate on computed
tomography scans and X-rays films, Visual analog scale pain scores, Oswestry disability index and SF-36 quality of life (QOL) scores
were used for the efficacy evaluation. The incidence rate of adverse device effects (ADEs) and serious adverse device effects (SADEs)
were used for safety evaluation.

Results : The spinal fusion rate at 12 weeks for the DBM gel with rhBMP-2 group was higher with 73.68% compared to 58.82% for
the DBM gel group. The 24 and 48 weeks were 72.22% and 82.86% for the DBM gel with rhBMP-2 group and 78.79% and 78.13%,
respectively, for the DBM gel group. However, there were no significant differences between two groups in the spinal fusion rate at
12, 24, and 48 weeks post-treatment (p=0.1817, p=0.5272, p=0.6247). There was no significant difference between the two groups in
the incidence rate of ADEs (p=0.3836). For ADEs in the experimental group, ‘Pyrexia’ (5.00%) was the most common ADE, followed
by ‘Hypesthesia’, ‘Paresthesia’, ‘Transient peripheral paralysis’, ‘Spondylitis” and ‘Insomnia’ (2.50%, respectively). ADEs reported in
control group included ‘Pyrexia’, ‘Chest discomfort’, ‘Pain’, ‘Osteoarthritis’, ‘Nephropathy toxic’, ‘Neurogenic bladder’, ‘Liver function
analyses’ and ‘Urticaria’ (2.86%, respectively). There was no significant difference between the two groups in the incidence rate of
SADEs (p=0.6594). For SADE in the experimental group, “Pyrexia’” and ‘Spondylitis’ were 2.50%. SADE reported in the control group
included 'Chest discomfort’, ‘Osteoarthritis and ‘Neurogenic bladder’. All SADEs described above were resolved after medical treatment.

Conclusion : This study demonstrated that the spinal fusion rates of DBM gel group and DBM gel with rhBMP-2 group were not
significantly different. But, this study provides knowledge regarding the earlier postoperative effect of rhBMP-2 containing DBM gel
and also supports the idea that the longer term follow-up results are essential to confirm the safety and effectiveness.
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INTRODUCTION

Intervertebral Disc Degeneration with associated spinal ste-
nosis can cause back and lower limb pain in the patient. In
patients who do not respond to non-surgical therapy, the most
commonly performed surgical procedures for treating this
condition are lumbar decompression and spinal joint arthrod-
esis. Surgery is required for the treatment of severe symptoms
of degenerative disc degeneration and spinal fusion surgery is
performed as the representative surgical method.

The bony fusion decreases mechanical stimuli to the outer
annulus fibrosus and the pain nerve ending of the posterior
longitudinal ligament by inducing bone fusion in an affected
disk, thereby reducing the patient’s symptoms. The main
types of fusion surgery include transforaminal lumbar inter-
body fusion (TLIF), posterior lumbar interbody fusion (PLIF),
posterolateral fusion, anterior lumbar interbody fusion
(ALIF), and global fusion performed concomitantly with the
aforementioned procedures™**”.

Among these fusion surgical procedures, the TLIF is an ap-
proach introduced by Harms in 1982 and is a modified PLIF
technique. It has been introduced to overcome disadvantages
and complications associated with the PLIF and ALIF. In oth-
er words, since the bone graft is inserted into the disc space
from the outside much further in the TLIF procedure than in
the PLIF procedure, possible risks or limitations may be over-
come by reducing traction of the nerve root or dura mater.
The ALIF approach has a risk of approach related complica-
tion such as major haemorrhage due to visceral injury in the
abdomen. Therefore, the use of TLIF is gradually increasing.
During the TLIF procedure, bone graft materials that are in-
serted into the disc space after removal of disc fragments in-
clude autograft and allograft, and an artificial cage is filled
with autograft or allograft™"”*"**.

Urist and Strates™ has revealed that a protein extracted
from organic substances of the bone has a bone formation-in-
ducing activity. It has been reported that numerous types of
local growth factors are involved in bone healing and fusion
of bone graft since the protein was named by Urist and
Strates™ as the bone morphogenetic protein (BMP). BMPs
have been classified into at least 20 protein growth factor fam-
ily or superfamily members based on the similarity in their
composition. Among BMP family members, BMP-2 have
been known to have almost similar functions and activities in
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. 13,23,30,
the course of bone formation

. BMPs clinically used in
spinal fusion or bone induction include recombinant human
bone morphogenetic protein-2 (thBMP-2). The first clinical
study using rhBMP-2 has been initiated under supervision of
Food and Drug Administration in 1996. According to a clini-
cal study where the cage filled with either a type 1 collagen
sponge combined with thBMP-2 or autograft was used during
the ALIF procedures, the fusion rate was 100% for the rh-
BMP-2 group and 95.6% for the autograft group”. Especially
in the thBMP-2 group where an intervertebral body fixation
device was not used, the best results were observed along with
a higher fusion rate”. In the other published previous clinical
studies®*******” the 1-year-fusion rate of the patients who had
rhBMP-2-implants in the PLIF or TLIF approach was 73% to 78%.

The bone fusion rate is one of the main variables that can
evaluate the performance of bone graft materials. Various car-
rier candidates have been investigated for the application of
rthBMP-2. A successtul candidate carrier should provide vas-
cular and cellular invasion to favor osteo-inductive by the
growth factor”. Demineralized bone matrix (DBM) is based
on allogeneic bone and is produced through demineraliza-

19 Tt is osteo-conductive and osteo-inductive due to the

tion
fact that bony tissue contains various growth factors”. DBM
is used for example in spinal fusions”. It functions as a scaf-
fold to support bone regeneration, but can also be used as a
carrier for cells or different kinds of growth factor”. When
DBM act as a carrier, it combines the properties of the grafting
material as delivered substances. A few other studies have
found that DBM is a suitable carrier for thBMP-2"". The
mechanism underlying these useful effects of DBM as a carri-
er for hBMP-2 is not clear; however, it seems that the collage-
nous substrate that remains after hydrochloric acid extraction
of the mineral fraction™ might provide a sustained pattern of
release of the osteo-inductive protein™ and serve as a scaffold
for the proliferation and differentiation of osteoprogenitor
cells. We thought DBM with rhBMP-2 would act as an osteo-
inductive scaffold that enhances spinal bone fusion.

To the best of our knowledge, no randomized clinical trials
of the utility of DBM gel with rhBMP-2 for interbody fusion
have been performed.

This clinical study was conducted in a multi-center, perspective,
randomized design to comparatively evaluate the efficacy and
safety of DBM gel with rhBMP-2 versus DBM gel used during

the TLIF procedure in patients with lumbar disc disease
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MATERIALS AND METHODS

Study design

This clinical study was designed as a perspective, multi-
center, double-blind, randomized study and was reviewed and
approved by the Institutional Review Board (IRB) at each of
the seven study centers in the Republic of Korea (Seoul Na-
tional University Bundang Hospital IRB No. E-1505/298-002,
Inha University College of Medicine IRB No. 2015-02-003,
Korea University Guro Hospital IRB No. 2014GR0679, Korea
University Guro Hospital IRB No. 2015GR0722, Hallym Uni-
versity Sacred Heart Hospital IRB No. 2014-5005, Soonchun-
hyang University Bucheon Hospital IRB No. 2015-07-039,
Yonsei University College of Medicine IRB No. 1-2013-0070).
The present study was conducted with the approval (IND No.
424) of the Ministry of Food and Drug Safety Association.

Patients with lumbar disc disease in this study in writing
underwent screening tests. Only subjects who met all inclu-
sion and exclusion criteria were randomized in either DBM gel
with thBMP-2 (RAFUGEN"™ BMP-2; Cellumed Co., Ltd.,
Seoul, Korea) as an experimental group or DBM gel (RAFU-
GEN"™ DBM; Cellumed Co., Ltd.) as a control group. This
clinical study is a double-blind trial and is automatically ran-
domized in an electronic system to prevent bias that may be
involved in the allocation of each experimental group and
control group. Subjects were assigned to the experimental
group or control group by the allocation code provided by the
randomization program prior to the procedure when the sub-
ject was satisfied with the subject selection criteria.

The DBM gel was mixed with DBM powder, porcine colla-
gen gel, and carboxymethyl cellulose (CMC). The DBM gel
with thBMP-2 was mixed with DBM powder which is conju-
gated with thBMP-2, porcine collagen gel, and CMC. The rh-
BMP-2 agent (Cellumed Co., Ltd.) was prepared using human
BMP-2 expressing Chinese Hamster Ovary cell line. The rh-
BMP-2 is homo-dimer, composed of two monomers with 114
amino acids, and is a 31 kDa glycoprotein linked by one inter-
chain disulfide bond.

Patient numbers

The purpose of the clinical study is to compare fusion rate
between two groups at 12 weeks and show that DBM gel with
rhBMP-2 is superior to DBM gel. From the study of Mum-

maneni et al.””, the fusion rate at 12 weeks in the test group

564 https://doi.org/10.3340/jkns.2020.0331

treated with iliac crest bone grafting (ICBG)+BMP was
57.14%, and the fusion rate at 12 weeks in the test group treat-
ed with ICBG was 15.79%. Therefore, in this study, the fusion
rate up to 3 months was 57% in the test group treated with
ICBG+BMP and fusion rate of the control group treated with
ICBG at 3 months was assumed to be 16%. Along with the
above assumption, the significance level is 0.05 for a two-sided
test, 95% power (power correction), and the minimum num-

ber of subjects for 1 : 1 assignment is as follows :
pi(1-py)
: k : +PC(1_pC)]

((PT'PC))2
0.57(1-0.57)

ZrwtZ)' |

n,=

(1.96+1.645) | +0.16(1-0.16)]

((0.57-0.16))
~30

n,=kn,=30

where, Py : fusion rate of test group, Pc : fusion rate of con-
trol group, K : allocation ratio.

Therefore, the minimum number of subjects required ac-
cording to the calculation is 30 subjects per group (a total of
60 subjects), and 38 subjects per group (a total of 76 subjects)

will be registered considering the dropout rate of 20%.

Inclusion and exclusion criteria

Patients with pain attributable to lumbar disc disease in the
TLIF procedure was scheduled participated in this study and
underwent screening tests. The inclusion and exclusion major
criteria were used to select subjects eligible for participation in
this study (Table 1). Only potential subjects who met all of the
above inclusion criteria and who do not meet any of the exclu-

sion criteria were enrolled in this study.

Surgical procedures

All randomized subjects underwent the TLIF in accordance
with the following procedures. After removal of the lamina,
facet joints, and transverse processes, pedicle puncture was
performed, and then a spinal internal fixation system was in-
serted using a pedicle finder. A posterior decompressive pro-
cedure was followed by a unilateral radical facetectomy. At
this time, the intervertebral body fixation device was inserted
and exposed parallel to the endplate, and then the posterior

lipping endplates were removed using a small osteotome. A



Table 1. Demographic information and baseline characteristics
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Inclusion criteria

Exclusion criteria

- Male and female subjects aged 20 to 80 years

- Patients who required fixation surgery and have 3 or more intervertebral

- Patients with 1 or 2 consecutive degenerative disc disease between discs

[3and ST

- Patients who require fixation surgery and have a life expectancy of

2 years or more

- Participants who voluntarily agree to study participation and sign -
- Patients with infections on the fracture region, those with past medical

a written informed consent form

- Subjects who fully understand the details of a clinical study and those

who are cooperative

- Patients who have previously undergone the spinal fusion surgery to be

investigated in this clinical study, or those who received interbody fusion
using an anterior or posterior fixation technique
Patients diagnosed with osteoporosis (T-score >-2.5)

history of pathologic fraction, and those with family history of metabolic
bone disease (e.g., Paget disease, osteodystrophy, and heterotopic
ossification)

radical discectomy was performed through a transforaminal
approach. An experimental material (DBM gel, 1.5 mL; rh-
BMP-2, 0.055 mg) or control material (DBM gel, 1.5 mL) was
injected inside the intervertebral body fusion cage (CAP-
STONE PEEK; Medtronic, Minneapolis, MN, USA) and in-
serted in the center between Lumbar vertebrae. The cage of
which all sides are blocked and of which the top and bottom
are opened was used. After inserting the intervertebral body
tusion cage, fill the empty space outside the cage with autolo-
gous bone graft. The intervertebral disc is fixed with the pedi-

cle screw fixation

Study endpoints

In this clinical study was evaluated the fusion rate at 12, 24,
and 48 weeks post-treatment, the change in 100-mm Visual
analog scale (VAS), the change in Oswestry disability index
(ODI) and SF-36 quality of life (QOL), and the presence or ab-
sence of major adverse events. For the fusion rate at each time
point, an independent assessment was performed based on
the computed tomography (CT) scan and X-ray film. Fusion
on the CT scan was defined as an evidence of trabecular bone
bridging at an intracompartmental site. Fusion on the X-ray
film was defined as less than 5 degrees of angular motion on
flexion and extension radiographs or the case where radiolu-
cency lines, which exceed 50% of the upper or lower surface of
the implant, with a width more than 2 mm not appear’”. For
safety evaluation, the adverse device effects (ADEs) and seri-
ous adverse device effects (SADEs) were used as safety end-
points. Treatment-emergent adverse events (TEAEs) that oc-
curred after use of the investigational medical device during
the entire period of the clinical study were coded by system
organ class (SOC) and preferred term (PT) levels of the Medi-
cal Dictionary for Regulatory Activities (MedDRA) version

21.0 (International Federation of Pharmaceutical Manufac-

tures and Association [IFPMA], Geneva, Switzerland).

Statistical analysis

Data obtained from subjects in this clinical study were ana-
lyzed using full analysis set (FAS). Safety data were analyzed
using a safety set. The safety set included all subjects who were
treated with bone graft materials. A random table was gener-
ated using the SAS software. For the statistical analysis, a two-
sided test was performed at a significance level of 5%. SAS"®
version 9.4 (SAS Institute, Cary, NC, USA) was used for all
statistical analyses. Continuous data were presented as the
number of subjects, mean, standard deviation, and median.
Categorical data were expressed as the frequency and percent-
age. According to whether data comply with a normal distri-
bution, a two sample t-test or Wilcoxon’s rank sum test was
used to compare the changes from baseline in continuous
variables at the last site visit between groups. According to
whether data meet the assumption that the percentage of cells
with an expected frequency of less than 5 is over 20%, a Pear-
son’s chi-square test or Fisher’s exact test was performed to
analyze the rate of change from normal results at baseline to
abnormal results at the last site visit. Descriptive statistics were
used to compare the change from the baseline in continuous
variables at the last site visit within group. A paired t-test or
Wilcoxon’s signed rank test was performed according to

whether data meet the assumption of normality.

RESULTS

Study population
All randomized subjects were treated with DBM gel with
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DBM gel with rhBMP-2

- Protocol deviations (n=5)

- Protocol deviations (n=3)

- Consent withdrawal (n=1)
- Lost to follow-up (n=0)
- Adverse events (n=1)

- Consent withdrawal (n=0)
- Lost to follow-up (n=0)
- Adverse events (n=0)

Experimental group
(n=33)

Control group
(n=33)

Experimental group
(n=40)

Control group
(n=35)

Week 12
(n=72)

w

Experimental group (n=38)

Control group (n=34)

Week 24
(n=69)

Experimental group (n=36)

Control group (n=33

Week 48
(n=67)

Experimental group

Control group (n=32

n=35)

(
)
(
)

- No assessment of fusion at 12 weeks (n=2)
- Premature discontinuation (n=5)

- No assessment of fusion at 12 weeks (n=1)
- Premature discontinuation (n=2)

- Deviations from the inclusion/exclution criteria

(n=1)
- Use of concomitant medications during the
clinical study (n=4)

- Deviations from the inclusion/exclution criteria

(n=0)
- Use of concomitant medications during the
clinical study (n=5)

Fig. 1. Study population. DBM : demineralized bone matrix, FAS : full analysis set.

rhBMP-2 for experimental group (n=40) and DBM gel for
control group (n=36). Among 76 subjects, 10 subjects dropped
out during the period of the study and a total of 66 subjects
completed the study (experimental group, n=33; control
group, n=33). Among 76 randomized subjects, one subject was
not treated with bone graft materials after randomization (ex-
perimental group, n=0; control group, n=1), and a total of 75
subjects received the investigational medical device (experi-
mental group, n=40; control group, n=35) (Fig. 1).
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According to the demographic information and baseline
characteristics of study subjects, for gender, age, and height,
there were significant differences between experimental and
control groups in the body weight and body mass index
(p=0.0251, p=0.0243). For smoking experience, there was no
difference. For drug abuse experience, the percentage of ‘no’
responses was 100% in both group (Table 2).



Table 2. Demographic information and baseline characteristics

Fusion Rates between DBM and rhBMP-2/DBM | Hyun SJ, et al.

Parameter DBM gel with rhBMP-2 (n=40) DBM gel (n=36) p-value
Sex, M/F 23/17 (57.50/42.50) 19/17 (52.78/47.22) 0.6793*
Age (years) 64.03 (10.63) 62.67 (9.32) 05573
Height (cm) 16213 (7.89) 162.75 (10.10) 0.7633'
Weight (kg) 63.77 (8.25) 69.20 (11.84) 0.0251"
BMI (kg/m’) 24.27 (2.73) 26.16 (4.19) 0.0243"
BMD, T-score -0.55 (1.38) -043 (1.58) 0.7274'
Smoker 25/15 (62.50/37.50) 25/11 (69.44/30.55) 0.6920°
Drug abuse 40/0 (100.00/0.00) 36/0 (100.00/0.00) NA
Level affected by DDD 40 36 0.3214"

L3-L4 3(7.50) 5 (13.89)

L4-L5 18 (45.00) 10 (27.78)

L5-S1 4(10.00) 4(11.17)

L3-14 & L4-L5 10 (25.00) 8(22.22)

[4-L5 & L5-51 4(10.00) 9 (25.00)

L3-14 & L4-L5 & L5-S1 1(2.50) 0(0.00)

Values are presented as n/N (%) or number (%). *A Pearson’s chi-square test was used for comparison between groups in categorical variables. A two-
sample t-test was used for comparison between groups in continuous variables. A Fisher's exact test was used for comparison between groups in
categorical variables. DBM : demineralized bone matrix, rhBMP-2 : recombinant human bone morphogenetic protein-2, M : male, F : female, BMI : body
mass index, BMD : bone mineral density, NA : not applicable, DDD : degenerative disc disease, N : number of observed subjects, number of subjects

corresponding to each parameter

Study endpoints

In the FAS analysis, the fusion rate at 12-week post-treat-
ment was 73.68% in the experimental group and 58.82% in
the control group. The fusion rate at 24- and 48-week post-
treatment was 72.22% and 82.86% in the experimental group
and 78.79% and 78.13% in the control group. The change
from baseline in the 100-mm VAS pain scoring, the experi-
mental group showed -45.45%27.84 mm at 12 weeks, -45.31+
26.79 mm at 24 weeks, and -48.00%26.07 mm at 48 weeks. The
control group showed -36.97+31.78 mm at 12 weeks, -43.39+
27.81 mm at 24 weeks, and -50.47+£23.38 mm at 48 weeks.
There were significant difference at 12, 24, and 48 weeks com-
pared to the baseline of VAS scores within each group
(p<0.0001). The change from baseline in ODI QOL scoring,
the experimental group showed -20.34%19.99 points at 12
weeks, -22.96+17.11 points at 24 weeks, and -25.11421.35
points at 48 weeks. The control group showed -18.62+22.90
points at 12 weeks, -20.81£20.35 points at 24 weeks, and -25.36
+18.82 points at 48 weeks. There were significant difference at
12, 24, and 48 weeks compared to the baseline of ODI QOL
scores within each group (p<0.0001) (Table 3).

As a result of the SF-36 QOL scores, there were no signifi-
cant differences between two groups. The changes from base-
line in SF-36 physical functioning, role-physical, bodily pain,
vitality, social functioning, mental health, and physical com-
ponent summary QOL scores at 12, 24, and 48 weeks showed
a significant difference within each group except for general
health (GH), role-emotional (RE), and mental component
summary (MCS) domains. The change from baseline in SF-36
GH QOL scoring, the experimental group showed 4.62+7.90
points at 12 weeks, 4.42£8.13 points at 24 weeks, and 2.85%
10.00 points at 48 weeks. The control group showed 3.90+9.01
points at 12 weeks, 3.93%8.14 points at 24 weeks, and 3.87+8.06
points at 48 weeks. There was a significant difference within
each group at 12 and 24 weeks (p=0.0009, p=0.0025), but not
at 48 weeks. The change from baseline in SF-36 RE QOL scor-
ing, the experimental group showed 5.93%18.60 points at 12
weeks, 8.21£16.12 points at 24 weeks, and 9.44+17.87 points at
48 weeks. The control group showed 7.43+19.31 points at 12
weeks, 9.89£19.02 points at 24 weeks, and 14.46*18.08 points
at 48 weeks. Within-group difference was not significant at 12
weeks, but it was significant at 24 and 48 weeks (p=0.0004,

J Korean Neurosurg Soc 64 (4) : 562-574 567



J Korean Neurosurg Soc 64 | July 2021

Table 3. Post-treatment fusion rate, 100-mm VAS pain and ODI QOL scores (based on the FAS population)

DBM gel with rhBMP-2 (n=40)

DBM gel (n=35) Treatment difference p-value

Fusion rate
Fusion rate at 12 weeks 38
Fusion 28 (73.68)
Non-fusion 10 (26.32)
Fusion rate at 24 weeks 36
Fusion 26(72.22)
Non-fusion 10 (27.78)
Fusion rate at 48 weeks 35
Fusion 29 (82.86)
Non-fusion 6 (17.14)

100-mm VAS pain scores

Baseline 72.08+16.45 (n=40)

12 weeks 26.11420.60 (n=38)

24 weeks 254742196 (n=36)

48 weeks 22.26£1992 (n=35)

12 weeks—baseline -4545+27.84 (n=38)
p-value <0.0001"

24 weeks—baseline -45.31426.79 (n=36)
p-value <0.0001"

48 weeks—baseline -48.00+26.07 (n=35)
p-value <0.0001"

ODIQOL scores

Baseline 46.91416.65 (n=40)

12 weeks 2641£16.44 (n=38)

24 weeks 24.61+16.22 (n=36)

48 weeks 22.28+17.13 (n=35)

12 weeks—baseline
p-value

24 weeks—baseline
p-value

48 weeks—baseline

p-value

20.34+19.99 (n=38)
<0.0001"

22.96+1711 (n=36)
<0.0001"

-25.11421.35 (n=35)
<0.0001"

34
20 (58.82) 0.1817*
14 (41.18)
33
26 (78.79) 0.5272*
7(21.21)
32
25 (78.13) 0.6247*
7(21.89)
7443+13.90 (n=35)
37.56+2715 (n=34)
31.00420.74 (n=33)
24.50+18.12 (n=32)
-36.97+31.78 (n=34)
<0.0001" 0.2316"
-4339+27.81 (n=33)
<0.0001" 0.7721*
-50.47+23.38 (n=32)
<0.0001" 0.6856°
51.03+13.16 (n=35)
33.08+18.37 (n=34)
30.77+16.56 (n=33)
263341719 (n=32)
-18.62+22.90 (n=34)
<0.0001" 0.7349"
-20.81420.35 (N=33)
<0.0001" 0.6346"
-25.36+18.82 (n=32)
<0.0001" 0.9598"

Values are presented as mean=standard deviation or number (9%). *A Pearson’s chi-square test was used for comparison between groups. ‘A paired
t-test was used for within-group comparison. “A two sample t-test was used for between-group comparison. VAS : Visual analog scale, ODI : Oswestry
disability index, QOL : quality of life, FAS : full analysis set, DBM : demineralized bone matrix, rhBMP-2 : recombinant human bone morphogenetic
protein-2, n : number of observed subjects, number of subjects corresponding to each category

p=0.0043). The change from baseline in SF-36 MCS QOL
scoring, the experimental group showed 2.93%14.15 points at
12 weeks, 5.76£12.69 points at 24 weeks, and 4.06%13.34 points
at 48 weeks. The control group showed 5.83+12.37 points at 12
weeks, 7.77+14.28 points at 24 weeks, and 8.18+14.98 points at
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48 weeks. Within-group difference was not significant at 12
and 48 weeks, but it was significant at 24 weeks (p=0.0014)
(Table 4).

As a result of identifying the presence or absence of major

adverse events such as osteolysis, heterotopic bone formation,
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Table 5. Incidence rate of ADEs and SADE (based on the FAS population)

DBM gel with rhBMP-2 (n=40) DBM gel (n=35) p-value
ADE 6 (15.00) 8(22.86) 0.3836*
Mild 5(12.50) 6 (17.14)
Moderate 0(0.00) 2(571)
Severe 1(2.50) 0(0.00)
SADE related to the investigational device 2 (5.00) 3(8.57) 0.6594"
Relatedness to the investigational device
Unrelated 0(0.00) 0(0.00)
Unlikely 5(12.50) 8(22.86)
Possible 1(2.50) 0(0.00)
Probable 0(0.00) 0(0.00)
Certain 0(0.00) 0(0.00)
SOCPT
General disorders and administration site conditions 2 (5.00) 3(857)
Pyrexia 2 (5.00) 1(2.86)
Chest discomfort 0(0.00) 1(2.86)
Pain 0(0.00) 1(2.86)
Nervous system disorders 3 (7.50) 0(0.00)
Hypesthesia 1(2.50) 0(0.00)
Paresthesia 1(2.50) 0(0.00)
Transient peripheral paralysis 1(2.50) 0 (0.00)
Musculoskeletal and connective tissue disorders 1(2.50) 1(2.86)
Osteoarthritis 0(0.00) 1(2.86)
Spondylitis 1 (2.50) 0(0.00)
Renal and urinary disorders 0(0.00) 2(5.71)
Nephropathy toxic 0 (0.00) 1(2.86)
Neurogenic bladder 0(0.00) 1(2.86)
Investigations 0(0.00) 1(2.86)
Liver function analyses 0(0.00) 1(2.86)
Psychiatric disorders 1(2.50) 0(0.00)
Insomnia 1(2.50) 0(0.00)
Skin and subcutaneous tissue disorders 0(0.00) 1(2.86)
Urticaria 0(0.00) 1(2.86)
SADE 2 (5.00) 3(8.57) 0.6446"
General disorders and administration site conditions 1(2.50) 1(2.86)
Chest discomfort 0(0.00) 1(2.86)
Pyrexia 1(2.50) 0(0.00)
Musculoskeletal and connective tissue disorders 1(2.50) 1(2.86)
Osteoarthritis 0(0.00) 1(2.86)
Spondylitis 1(2.50) 0 (0.00)
Renal and urinary disorders 0(0.00) 1(2.86)
Neurogenic bladder 0(0.00) 1(2.86)

Values are presented as number (%). *A Pearson’s chi-square test was used for between-group comparison. 'A Fisher's exact test was used for
between-group comparison. “Fisher’s exact test was used for between-group comparison. ADEs : adverse device effects, SADEs : serious adverse
device effects, FAS : full analysis set, DBM : demineralized bone matrix, rhBMP-2 : recombinant human bone morphogenetic protein-2, n : number of
observed subjects number of subjects corresponding to each category, SOC : system organ class, PT : preferred term
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and malignant tumor presentation, there were no subjects

with major adverse events.

Safety

The incidence rate of ADEs was 15.00% in the experimental
group and 22.86% in the control group. There was no signifi-
cant difference between the two groups in the incidence rate
of ADEs (p=0.3836). The incidence rate of ADEs classified by
severity was 12.50% for mild and 2.50% for severe in experi-
mental group and 17.14% for mild and 5.71% for moderate in
control group. The incidence rate of SADEs in experimental
and control groups was 5.00% and 8.57%, respectively. There
was no significant difference between the two groups in the
incidence rate of SADEs (p=0.6594). For ADEs classified by
the MedDRA SOC level, the most common ADE was ‘nervous
system disorders’ (7.50%) followed by ‘general disorders and
administration site conditions” (5.00%) and ‘musculoskeletal
and connective tissue disorders’ and ‘psychiatric disorders’
(2.50%) in the experimental group. In control group, the most
frequent ADE was ‘general disorders and administration site
conditions’ (8.57%), followed by ‘renal and urinary disorders’
(5.71%), and ‘musculoskeletal and connective tissue disorders’,
‘investigations’ and ‘skin and subcutaneous tissue disorders’
(2.86%). For ADEs classified by the MedDRA PT level, py-
rexia’ (5.00%) was the most common ADE in the experimen-
tal group, followed by ‘hypesthesia’, ‘paresthesia’, ‘transient
peripheral paralysis’, ‘spondylitis’ and ‘insomnia’ (2.50%, re-
spectively). ADEs reported in control group included ‘pyrexia),
‘chest discomfort,, ‘pain’, ‘osteoarthritis, ‘nephropathy toxic),
‘neurogenic bladder’, ‘liver function analyses’ and ‘urticaria’
(2.86%). In causal relationship by the TEAE was ‘possibly re-
lated” (2.50%), possible not related (12.50%) and ‘definitely
not related” (87.50%) in the experimental group.

TEAE reported in the control group, possible not related
(22.86%) and ‘definitely not related” (74.29%). For SADE clas-
sified by the MedDRA SOC and PT level, ‘pyrexia’ and ‘spon-
dylitis’ in the experimental group were 2.50%. SADE reported
in the control group included ‘chest discomfort, ‘osteoarthri-
tis’ and ‘neurogenic bladder’ (2.86%) (Table 5). ‘Spondylitis’
was evaluated as “Possibly related” according to the causality
assessment and was reported as an unexpected SADE. This
event was classified as “Severe” in severity and was resolved
after inpatient treatment and follow-up observations. All

SADEs, other than ‘spondylitis’, were evaluated as “Unlikely

Fusion Rates between DBM and rhBMP-2/DBM | Hyun SJ, et al.

related”. ‘Osteoarthritis’ classified as “Moderate” was observed
in the left knee. ‘Pyrexia’ classified as “Mild” is a commonly
reported adverse event that may occur due to post-operative
infections. ‘Chest discomfort’ classified as “Mild” was consid-
ered to result from past medical history of atrial fibrillation
although cardiological abnormalities were not observed. All

SADEs described above were resolved after medical treatment.

DISCUSSION

This clinical study was conducted to evaluate the efficacy
and safety of DBM gel with rhBMP-2 versus DBM gel used
during the TLIF procedure. The fusion rate in experimental
group was 73.68% and that in control group was 58.82%. But
there was no significant difference between the two groups.

In results of fusion rate at 24 weeks after implantation of
DBM gel with rhBMP-2, the fusion rate was 72.22% (26/36
patients), which tended to decrease slightly compared to the
12 week fusion rate of 73.68% (28/38 patients). The number of
fused patients decreased because two patients who were deter-
mined to be fused at 12 weeks were dropped out at 24 weeks.
However, the fusion rate at 48 weeks was 82.86% (29/35 pa-
tients), and it was confirmed that the fusion rate gradually in-
creased. The 48 week fusion rate of control group was 78.13%
(25/32 patients), which tended to decrease slightly compared
to the 24 week fusion rate of 78.79% (26/33 patients). The
number of fused patients decreased because one patients who
were determined to be fused at 24 weeks were dropped out at
48 weeks.

The Change from baseline in 100-mm VAS pain scores at
12, 24, and 48 weeks post-treatment showed no significant
differences between experimental and control groups, but
showed a significant difference within each group. There were
no significant differences between the two groups in the ODI
and SF-36 QOL scores at all post-treatment time points. How-
ever, the ODI QOL scores gradually decreased until 48 weeks
post-treatment, showing a tendency of improvement in func-
tions of the spine during normal activities. The SF-36 scores
for all domains after treatment with DBM gel with rhBMP-2
increased, suggesting an increase in the QOL.

There was no adverse event such as osteolysis, heterotopic
bone formation and malignant tumor in this study. The inci-

dence rate of ADEs did not show a significant difference be-
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tween two groups. According to the causality assessment, all
ADEs, other than 1 ADE evaluated as “Possibly related” to
DBM gel with thBMP-2, were evaluated as “Unlikely related”
and then were resolved.

The other previous published clinical studies of rhBMP-2
were evaluated by showing high bone fusion rate of the
spine. However, there have been also the case reports con-
cerning adverse safety effects by using a high dose of rh-
BMP-2* 12205223 A recent study addressed that a high dose
of thBMP-2 cause the imbalance of transforming growth fac-
tor-B signalling, thereby leading to cancer development®. Al-
though the direct evidence of carcinogenesis associated with
rhBMP-2 is not identified, many considerations about a high
dose of rhBMP-2, carrier, and theoretical carcinogenesis have
been studied'”. Therefore, it is important to consider not only a
dose but also the design of the grafting materials including ex-
pected side effects. The DBM gel with rhBMP-2 for the clinical
use was designed to overcome safety issues about the side effect
as well as effectiveness about high bone fusion rate. By applying
a reduced dose of thBMP-2, we combined it with DBM gel,
which has been well-known as a grafting material which has
osteo-conductive and osteo-inductive effects. Regarding the ef-
tects of hBMP-2, we did not see any significant difference of
the spinal fusion rate comparing the patient groups between
the DBM gel and rhBMP-2 DBM gel implanted at 48 weeks fol-
low-up.

We did not see any valuable effectiveness on thBMP-2 use
for 48 weeks. However, we did see safety after using rhBMP-2
during the initial stage. And even in the initial stage, the DBM
gel with thBMP-2 group showed higher fusion rate which
shows the possibility for successful rehabilitation effect at the
earlier stage. This first clinical study about DBM gel with rh-
BMP-2 is, at least, good to know about safety by using the new
design of thBMP-2 included bone grafting material. So, we
think that the follow up at the early time points is meaningful
for the possibilities about better rehabilitation effects without
no adverse effects. Although it is believed that rhBMP-2 use
may promote bone fusion, clinical results indicate that sur-
geon should carefully consider using rhBMP-2 as an adjuvant
for lumbar fusion in patients who are not at high risk of non-
union. In addition, rhBMP-2 is relatively high cost, so it is
necessary to choose carefully when performing spine fusion
surgery.

There were several limitations to this study. First, this clini-
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cal trial was conducted for 48 weeks, but 2 year follow-up is
required to reliably evaluate spinal fusion and stability. Con-
sidering the duration, the 48 weeks might be too short to pre-
cisely evaluate fusion status and can be lead to underestimat-
ed. Second, considering the safety of the side effects of
rhBMP-2, the concentration of hBMP-2 in the experimental
group was lowered, but the factors that may affect bone fusion
were not considered. Therefore, when designing a clinical trial,

the impact of thBMP-2 concentrations should be considered.

CONCLUSION

This study demonstrated that the fusion rates of DBM gel
group and DBM gel with rhBMP-2 group were not signifi-
cantly different. But, this study provides knowledge regarding
the earlier postoperative effect of hBMP-2 containing DBM
gel and also supports the idea that the longer term follow-up

results are essential to confirm the safety and effectiveness.
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