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Abstract:

Introduction: Condoliase is a newly approved drug that improves symptoms associated with lumbar disk herniation
(LDH) by intradiscal administration. This study aimed to evaluate the mid-term outcomes of condoliase injection, examine
the adverse events, including cases that required surgery after condoliase administration, and verify cases in which condoli-
ase could be effective.

Methods: We enrolled patients with LDH who were treated conservatively for at least six weeks and received condoliase.
We assessed the visual analog scale (VAS) score, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire,
Oswestry Disability Index, disk height, and disk degeneration for up to 6 months, and we examined the complications. Fur-
thermore, a 50% or more improvement in leg pain VAS score was considered effective. Factors related to symptom im-
provement were investigated by determining whether lower limb pain improved in six months.

Results: In total, 84 patients were recruited (52 men, 32 women; mean age, 44.2 + 17.1 [16-86 years]). The duration of
illness was 6.7 + 6.8 (1.5-30) months. All patient-based outcomes significantly improved at 4 weeks after the administration
compared with pretreatment. The intervertebral disc height decreased significantly at four weeks after condoliase administra-
tion compared with that before administration. Progression of intervertebral disc degeneration occurred in 50% of the pa-
tients. Eleven patients underwent herniotomy due to poor treatment effects. Moreover, treatment in 77.4% of the patients
was considered effective. A logistic regression analysis revealed that L5/S1 disk administration (p = 0.029; odds ratio, 5.94;
95% confidence interval, 1.20-29.45) were significantly associated with clinical effectiveness.

Conclusions: Condoliase disk administration improved pain and quality of life over time. Condoliase disk administration
was more effective in L5/S1 intervertebral administration.
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Introduction

Lumbar disk herniation (LDH) is caused by degeneration
of the nucleus pulposus and annulus fibrosus due to genetic
factors and excessive load that cause the nucleus pulposus to
protrude and compress the nerve roots"™. Symptoms, such as
buttocks and lower limb pain, are mainly related to the
nerve root depending on the onset site. However, cauda
equina symptoms may also be present. Sequestrated LDH is
known to regress spontaneously, and conservative treatment
improves symptoms in 70%-80% of cases*”. However, some
cases are resistant to conservative treatment and often re-
quire surgical intervention. Previous reports have indicated
that early surgery is economically superior to conservative
treatment due to expected early improvements in symp-
toms”. However, surgery can cause infections and exacerbate
symptoms”.

The intradiscal injection is considered an option between
conservative and surgical treatments, and various drugs have
been administered”. A 10-year study of chymopapain re-
ported improvement in lower limb pain in 78% of the pa-
tients. However, chymopapain is currently not available be-
cause of its fatal complications™”. Chondroitin sulfate ABC
endolyase (condoliase) is a mucopolysaccharide-degrading
enzyme extracted from gram-negative rod Proteus vulgaris'’.
It specifically decomposes glycosaminoglycans in the nu-
cleus pulposus, the moisture-retaining component of the ver-
tebral disk, without decomposing the protein. Therefore,
condoliase causes less damage to the surrounding tissues
than chymopapain, which has a proteolytic effect and high
safety level™". According to some basic studies, condoliase
induced fewer side effects, such as bleeding or tissue necro-
sis, than other enzymes'™'®. Moreover, a clinical trial showed
its therapeutic efficacy compared with placebo'™. There-
fore, condoliase administration is considered a treatment
method with few side effects and is expected to improve
pain. Although several studies reported condoliase’s ef-
fects”?”, few also reported on the frequency of its side ef-
fects and the transition of symptoms due to its administra-
tion. Thus, this study aimed to investigate the mid-term out-
comes of condoliase injection, evaluate cases that require
surgery, examine the adverse events after condoliase admini-
stration, and verify cases in which condoliase could be ef-
fective.

Materials and Methods
The current study was a multicenter, prospective observa-
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tional study, and the ethics committee approved it of all the
hospitals that registered the case. All patients were informed
of the study’s purpose, received information about the study,
and provided consent for publication. We recruited consecu-
tive patients scheduled to receive condoliase intervertebral
disc administration for LDH between November 2018 and
June 2020. The inclusion criteria were patients with sub-
ligamentous extrusion type LDH who complained of radicu-
lar pain after more than 6 weeks of conservative treatment
and patients who completed at least 6 months of follow-up.
The diagnostic criteria for LDH were as follows: (i) lower
back/leg pain, (ii) symptoms persisted even at rest, (iii)
magnetic resonance imaging (MRI) showed sub-ligamentous
extrusion of the intervertebral disc and absence of spinal ca-
nal stenosis, and (iv) symptoms and imaging findings
matched. In all cases, disk puncture was performed under
fluoroscopy, and condoliase was injected into the disk’s cen-
ter. Condoliase was administered during outpatient or short-
term hospitalization, depending on the patients’ request. Pa-
tients remained on bed rest for approximately two hours af-
ter condoliase administration.

Patients

This study included 84 patients (52 men and 32 women)
who injection
ligamentous extrusion type LDH. Their mean age was 44.2
+ 17.1 (16-86) years, and the duration of illness was 6.7 +
6.8 (1.5-30) months. Herniation levels were L2/3 (n = 2),
L3/4 (n = 4), L4/5 (n = 47), and L5/S1 (n = 31) (Table 1).

underwent condoliase disc for sub-

Clinical outcome

We evaluated changes in clinical symptoms using the vis-
ual analog scale (VAS), with scores ranging from 0 (no
pain) to 100 mm (extreme pain), Oswestry Disability Index
(ODI) (0-100 points), and Japanese Orthopaedic Association

Back Pain Evaluation Questionnaire (JOABPEQ). The
Table 1. Demographic Data.
No. of patients 84
Age, mean (range), years 44.2+17.1 (16-86)
Sex (male / female) 52/32

Duration of illness, (range), months 6.7+6.8 (1.5-30)

Herniation level

L2/3 2 (2%)
L3/4 4 (5%)

L4/5 47 (56%)
L5/S1 31 (37%)
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" DHI = (BC+EF) / (AB+DE)

Figure 1. The measurement method of DHI. The formula of
DHI is DHI = intervertebral disc height/cranial adjacent vertebral
body height, where DHI = (BC + EF)/(AB + DE) in the figure.

DHLI, disk height index

JOABPEQ includes 25 items based on the Short-Form 36
and Roland-Morris Disability Questionnaire’*”. The time
course of low back pain, lower limb pain, and lower limb
numbness was evaluated using the VAS before and at 1, 2,
4, 12, and 24 weeks after condoliase administration. We
evaluated changes in the quality of life (QOL) using the
JOABPEQ and ODI before and at 4, 12, and 24 weeks after
condoliase administration. Furthermore, each period’s treat-
ment response rate was calculated (treatment response rate =
the number of cases in which lower limb pain VAS im-
proved by more than 50% compared with before condoliase
administration in each period/84 cases x 100). We also
evaluated factors related to symptom improvement up to 24
weeks after condoliase administration. At this time, all pa-
tients who underwent surgery after condoliase administration
were regarded as having no improvement.

Radiographic evaluation

The disk height and degeneration were evaluated by radi-
ography and MRI. The heights of the treated intervertebral
discs and adjacent vertebral bodies were measured before
and at 4, 12, and 24 weeks after administration and evalu-
ated based on the disk height index (DHI = intervertebral
disc height/cranial adjacent vertebral body height) (Fig. 1).
DHI at model preparation was set as 100%, and DHI
changes after model preparation were expressed as % DHI
(% DHI = postoperative DHI/preoperative DHI x 100)™**.
Two spine surgeons evaluated DHI, and its measurement
demonstrated high precision with intraclass correlation coef-
ficients of 0.93 and 0.84 for intra-rater and inter-rater reli-
ability, respectively. In patients who underwent MRI before
and 24 weeks after the treatment, intervertebral disc degen-
eration was evaluated using the MRI Pfirrmann grading sys-

temZS)
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Adverse events

Adverse events after condoliase administration were ex-
amined. Cases in which treatment was switched to surgery
after condoliase administration were also evaluated.

Statistical analysis

Changes in scores of a patient-based questionnaire and %
DHI from before to 24 weeks after condoliase administra-
tion were evaluated using a repeated-measures linear mixed-
effects model with compound symmetry covariance struc-
ture. The Tukey-Kramer test was used in the post hoc com-
parison. Also, logistic regression analysis was performed to
evaluate patient factors related to symptom improvement in
the group that showed a response at 24 weeks after condoli-
ase administration and the group that did not. Univariate and
multiple logistic regression analyses were performed using
binary data as objective variables and patient factors (such
as age, sex, duration of illness, herniation level, and in-
tervertebral disc degeneration before condoliase administra-
tion) as exploratory variables to evaluate relevant risk fac-
tors. Both variable selection procedures (stepwise forward
and stepwise backward regressions) yielded the same final
model. All data are reported as mean + standard deviation
unless otherwise indicated. We defined the significance level
at 5% and used SAS version 9.4 in all statistical analyses.

Results

Clinical outcomes

Regarding the patient-based questionnaires, the scores im-
proved over time after intradiscal condoliase injection. VAS
scores improved over time; in particular, VAS scores for
lower limb pain and numbness showed the most striking im-
provement on average from 76.5 + 20.9 to 46.1 + 25.4 and
60.2 + 28.3 to 42.6 + 25.1, respectively, in the first week af-
ter condoliase administration. Furthermore, there was a sig-
nificant improvement between 4 and 12 weeks after admini-
stration (p < 0.01) (Fig. 2). Regarding changes in QOL,
both JOABPEQ and ODI scores significantly improved at all
time points after condoliase administration compared with
baseline. Also, except for the psychological disorders in
JOABPEQ, a significant improvement was observed at 12
and 24 weeks after administration compared with 4 weeks
(Table 2). Of the 84 cases, the number of cases in which
lower limb pain VAS improved by more than 50% compared
with before condoliase administration was 44 at 4 weeks, 62
at 12 weeks, and 65 at 24 weeks, and the treatment response
rate was 52.4%, 73.8%, and 77.4%, respectively (Table 3).
In a multivariate analysis evaluating the relationship between
treatment response rates and patient factors, the treatment re-
sponse rate was related to the injected intervertebral level,
and L5/S1 intervertebral disc administration was more effec-
tive (Table 4).
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Figure 2. Changes in visual analog scale scores after intervertebral condoliase adminis-
tration. Lower limb pain and numbness significantly improved compared with baseline in all
periods. Moreover, all items significantly improved between 4 and 12 weeks after the ad-
ministration.

Table 2. Change in Patient-based Questionnaire after Condoliase Administration.

Baseline 4 weeks 12 weeks 24 weeks

JOABPEQ

Pain-related disorder 30.1+33.7 54.0+£35.7*%  74.7+£30.2%  74.3+33.7%

Lumbar spine dysfunction ~ 40.4+27.0  62.2+28.7* 7532721  77.5+£27.5%

Gait disturbance 42.0+33.3  62.8+31.6%  74.4+28.41  81.5+28.7%

Social life dysfunction 39.4+23.1  53.7£23.9*  66.8£23.4F  71.5+£25.9%

Phycological disorder 49.6+20.2  56.4+154* 60.9+17.3* 64.3x17.3}
ODI 442+15.1  34.2+14.9%  26.4+19.7Ff 19.8+16.7F

* p>0.05 compared with baseline

F p>0.05 compared with both baseline and 4 weeks

JOABPEQ, Japanese Orthopaedic Association of Back Pain Evaluation Questionnaire; ODI, Os-
westry Disability Index

Table 3. Treatment Response Rate after Condoliase
Administration.

Effective (n)  Treatment response rate (%)

4 weeks 44 52.4
12 weeks 62 73.8
24 weeks 65 77.4

Table 4. Patient Factors Involved in Symptom Improvement after Condoliase Administration.

Univariate logistic regression Multivariate logistic regression

OR 95% CI P value OR 95% CI P value

Age 0.99 0.97;1.03 0.737
Sex (Male) 1.24  0.44;3.52 0.683
Duration of illness 095 0.88;1.01 0.111
Herniation level (L5 / S1) 4.04 1.07;15.21 0.039 594  1.20;29.45 0.029

Pfirrmann grading scale (I, II) ~ 0.32  0.08; 1.25 0.101

OR, odds ratio; CI, confidence interval
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Figure 3. Change in the DHI (%) after intervertebral condo-
liase administration. The DHI (%) significantly decreased 4
weeks after the administration compared with that before admin-
istration, and no difference was observed at 4, 12, and 24 weeks
after administration.

DHLI, disk height index

Table 5. Change in Pfirrmann Grading Scale (n=46).

24 weeks after the administration

11 11 v \%
11 4 1
. 111 10 17 1
Baseline
v 12
A% 1
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Image evaluation

In the radiographic evaluation, the %DHI was 86.1 + 9.7
at 4 weeks, 86.8 = 13.5 at 12 weeks, and 89.3 + 14.2 at 24
weeks, significantly decreasing compared with those before
condoliase administration. The intervertebral disc height de-
creased 4 weeks after condoliase administration. However,
no difference in intervertebral disc height changes occurred
after 4, 12, and 24 weeks (Fig. 3). MRI was performed in
46 cases at 24 weeks after condoliase administration. Pro-
gression of disk degeneration according to the Pfirrmann
classification was observed in 23 (50%) of 46 cases (Table
5). Compared with the state before condoliase administra-
tion, herniated mass often decreased at 6 months. However,
intervertebral disc degeneration progressed in 50% of cases
(Fig. 4). No progression of vertebral body slippage or insta-
bility was observed within 6 months after condoliase ad-
ministration.

Adverse events

Perioperative complications comprised drug eruption
within two days of condoliase administration in three cases,
in which one case was severe and hospitalized with intrave-
nous steroid administration. Eleven patients underwent
herniotomy for the same intervertebral level after condoliase
administration. Surgery was performed within six weeks of
condoliase administration in six cases, 6-12 weeks in 7
cases. Surgery was performed because one patient presented
with a drop foot 1 week after condoliase administration to
the L5/S1 intervertebral disc, and other patients had in-

Figure 4. T2-weighted magnetic resonance images before (A, C) and 24 weeks after L4/5 intra-
discal condoliase administration (B, D). The disk herniation at L4/5 disappeared at 6 months (white
arrow). However, the disk height decreased (red arrow), and disc degeneration progressed.
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creased pain within 6 weeks of administration. In the case
of drop foot, there was no obvious change in the size of the
hernia mass, but a narrowing of the intervertebral disc
height and leg pain enhancement occurred one week after
administration, and condoliase may have been involved. Ap-
proximately 12 weeks later, seven patients were scheduled
to undergo surgery because symptoms did not improve. In-
dications for surgery and its optimum timing were all de-
cided by the attending physician. All patients who under-
went surgery had improved leg pain after surgery. Other ad-
verse events included exacerbation of low back pain than
baseline in 16 (19%) of 84 cases within 4 weeks after ad-
ministration. However, only three cases of persistent low
back pain were observed, and 13 cases showed a gradual
improvement of low back pain within 12 weeks. There was
no association between the exacerbation of low back pain
and the progression of disk degeneration.

Discussion

This study evaluated the clinical results of 6 months of
condoliase disk administration for LDH. Regarding the clini-
cal symptoms, all patient-based outcome scores showed im-
provement over time after condoliase administration. Espe-
cially in lower limb pain VAS, the symptoms improved most
at the initial stage of condoliase administration, and a sig-
nificant improvement also occurred after 4 and 12 weeks of
administration. On the contrary, concerning image changes,
a decrease in intervertebral disc height of 10% or more was
observed after condoliase administration, and intervertebral
disc degeneration progressed in half of the cases.

In this study, 77.4% of the patients showed improvements
in VAS scores of lower limb pain by 50% or more after 6
months of condoliase administration. The pain improved the
most 1-2 weeks after condoliase administration, and the im-
provement also occurred over time. At the onset of symp-
toms, studies reported that in more than 90% of the patients
with LDH the symptoms were relieved within a few months,
and lower limb pain almost disappeared at 6 months postop-
eratively regardless of the onset time™””. Regarding the
speed of pain improvement after surgery, Peul et al. reported
that pain improved nearly 4 weeks after lumbar disk herniot-
omy and remained unchanged after that™. Although it was
difficult to compare the effectiveness of condoliase admini-
stration and surgical treatment, condoliase was found to re-
duce pain slowly compared with surgical treatment. How-
ever, surgery was avoidable in 87% (73/84 cases) of the pa-
tients refractory to conservative therapy. Previous studies
have reported that condoliase administration into the center
of the intervertebral disc, trans-ligamentous extrusion type,
and herniation with high-signal intensity on T2-weighted
images was effective””. In the present study, L5/S1 disk
administration had significantly larger effects on treatment.
With regard to the injected disk level, L5/S1 had a larger
hernia mass in patients who underwent surgery than did
other levels™. Since the spinal canal was large in L5/S1 and
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the proportion of hernia mass in the spinal canal was re-
duced after condoliase administration, it was considered that
L5/S1 was more effective than did other levels.

Patients who underwent surgery within 6 weeks after con-
doliase administration presented with drop foot or exacer-
bated lower limb pain. The condoliase administration re-
duces the intervertebral disc pressure, which consecutively
reduces the disk height. In this regard, symptoms may be in-
duced if the decrease in intervertebral disc height has a
stronger effect than the reduction of herniated mass. There-
fore, caution is required in cases with large hernia mass and
cases with foraminal stenosis.

This study has several limitations. First, because it was
not a comparative study, the effect of improvement due to
intervertebral disc administration itself could not be ruled
out. Therefore, clinical trials comparing the effects of con-
doliase with placebo on lower limb pain improvement are
required. Second, the follow-up period was only 6 months.
Since condoliase affected the intervertebral disc itself, long-
term follow-up is necessary, and further studies are required.
Third, since treatments such as medications were not unified
after administration, condoliase administration’s effect could
not be strictly determined. Based on this study’s results,
condoliase disk injection could improve pain in patients with
LDH resistant to conservative treatment. However, long-term
follow-up of intervertebral disc degeneration and side effects
of the drug remains necessary. Also, condoliase is effective
in treatment-resistant LDH, which previously required sur-
gery and had the potentials to evade surgery. Condoliase
disk injection is also very useful as a minimally invasive
treatment.

Conclusions

We evaluated the 6-month clinical results of patients who
underwent intervertebral disc administration of condoliase
for treatment-resistant LDH. Condoliase disk administration
improved pain and QOL over time. Also, condoliase disk
administration was more effective in L5/S1 intervertebral ad-
ministration, and it has proved useful as a less invasive
treatment. On the contrary, the progression of intervertebral
disc degeneration was observed in approximately 50% of the
cases. Finally, although pain relief has been achieved in
many cases, long-term follow-up is warranted in the future.
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