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Study Design: Retrospective cohort study.

Purpose: This study aimed to compare data from patients who received intradiscal condoliase (chondroitin sulfate ABC endolyase) injec-
tion for primary lumbar disc herniation (LDH) and recurrent LDH.

Overview of Literature: Chemonucleolysis with condoliase for LDH is a treatment with relatively good results and a high safety profile;
however, few studies have reported recurrence after LDH surgery.

Methods: The study participants were 249 patients who underwent intradiscal condoliase injection for LDH at nine participating institu-
tions, including 241 patients with initial LDH (group C) and eight with recurrent LDH (group R). Patient characteristics including age, sex,
body mass index, disease duration, intervertebral LDH level, smoking history, and diabetes history were evaluated. Low back pain/leg
pain Numerical Rating Scale (NRS) scores and the Oswestry Disability Index (ODI) were used to evaluate clinical symptoms before treat-
ment and at 6 months and 1 year after treatment.

Results: Low back pain NRS scores (before treatment and at 6 months and 1 year after treatment, respectively) in group C (4.9 > 2.6 >
1.8) showed significant improvement until 1 year after treatment. Although a tendency for improvement was observed in group R (3.5 > 2.8
- 2.2), no significant difference was noted. Groups C (6.6 > 2.4 > 1.4) and R (7.0 > 3.1 > 3.2) showed significant improvement in the leg
pain NRS scores after treatment. Group C (41.4 > 19.5 > 13.7) demonstrated significant improvement in the ODI up to 1 year after treat-
ment; however, no significant difference was found in group R (35.7 > 31.7 > 26.4).

Conclusions: Although intradiscal condoliase injection is less effective for LDH recurrence than for initial cases, it is useful for improv-
ing leg pain and can be considered a minimally invasive and safe treatment method.
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Introduction

Lumbar disc herniation (LDH) is a disease in which the
nerve roots are compressed by a degenerated nucleus
pulposus and occurs frequently in patients aged 20-40
years. Conservative treatment is initially recommended
for these patients; however, surgery is required for cases
that are resistant to conservative treatment for an ex-
tended period or when motor paralysis developed. Al-
though the therapeutic efficacy of discectomy for LDH
is generally good, LDH recurrence remains a challeng-
ing problem because of the high surgical risks. Conser-
vative treatment is initially recommended for patients
with recurrent LDH; however, if conservative treatment
fails, reoperation is often needed.

In a longitudinal observational study of 34,639
patients who underwent surgery for LDH, surgical
complications occurred in 2.7%, and the reoperation
rate within 90 days was 2.1% [1,2]. In addition, the in-
cidence of recurrent LDH within 2 years after surgery
ranges from 0% to 23%, and the reoperation rate var-
ies from 0% to 13% [3]. However, surgical resection of
recurrent LDH surgery is extremely difficult because of
epidural adhesions and scarring, and clinical symptom
improvement is usually poorer after this surgery than
after initial surgery [4-8].

Until now, treatments for LDH have been broadly di-
vided into conservative, such as drug therapy, exercise
therapy, and nerve root infiltration, which are expected
to have a temporary effect, and surgical, such as hernia
removal.

Chemonucleolysis, which was developed as a new
treatment for LDH, is considered an intermediate meth-
od between conservative and surgical approaches, and
a treatment using chondroitin sulfate ABC endolyase
(condoliase) was developed. Condoliase is a pure muco-
polysaccharidase derived from the Gram-negative rod
Proteus vulgaris that has high specificity for its substrates
chondroitin sulfate and hyaluronic acid, glycosamino-
glycans, which are abundant in the proteoglycans of the
nucleus pulposus of the intervertebral discs. Unlike chy-
mopapain, which has traditionally been used in Western
countries, condoliase does not have protease activity;
thus, it can induce chemonucleolysis without damaging
surrounding nerves or ligament tissues [9-11].

Clinical trials for the contained type of LDH (protru-
sion and subligamentous extrusion types of LDH) in
L4-L5 and L5-S1 demonstrated the safety and efficacy
of condoliase. Condoliase was approved as an intradis-
cal treatment for LDH by the Japanese regulatory au-
thority in 2018 [12,13]. Subsequently, LDH treatment

using condoliase was covered by insurance in 2019 and
is frequently used in general practice.

Condoliase was also reported to be effective against
transligamentous extrusion type of LDH [14]. Intra-
discal condoliase injection therapy (CD therapy) for
LDH achieves relatively good results and is highly safe;
however, few studies have reported cases of LDH recur-
rence [14-17]. Thus, this study aimed to compare data
from patients receiving CD therapy for primary and re-
current LDH and evaluate its effectiveness in recurrent
LDH.

Materials and Methods

Study design

This multicenter retrospective cohort study was con-
ducted to evaluate the outcomes of CD therapy in pa-
tients with primary and recurrent LDH. The study was
approved by the ethical review boards of all participat-
ing institutions before the start of the study. We declare
that all protocols involving humans were approved by
the Ethics Committee of the Japanese Society for Spine
Surgery and Related Research (IRB approval no., #16)
and were performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments. All participants provided
documentation of their written informed consent be-
fore their inclusion in this study.

A total of 249 patients (average age, 45.8+17.1 years;
157 males) who received CD therapy for LDH at nine
participating institutions between August 2018 and
October 2020 were selected. Moreover, 241 patients
with newly diagnosed LDH without a history of LDH
treatment (regardless of conservative or surgical treat-
ment) (group C) were compared with eight patients
with relapsed LDH with a history of treatment (group
R). Treatment is indicated for patients with unilateral
lower limb pain regardless of the presence or absence of
low back pain, for whom magnetic resonance imaging
(MRI) reveals nerve root compression caused by LDH
and whose symptoms do not improve with conservative
treatments such as drug therapy, nerve root infiltration,
or physical therapy. Patients with a history of lower
limb muscle weakness or severe allergies and patients
with foraminal or sequestrated LDH were excluded.

Intradiscal injection technique

All intradiscal injections were performed by a board-
certified orthopedic spine surgeon. With the patient
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lying in the prone position, the affected disc was pene-
trated using a conventional disc puncture needle under
fluoroscopy. Once fluoroscopic frontal and lateral views
confirmed that the tip of the disc puncture needle was
located at the center of the disc, condoliase (Hernicore;
Seikagaku Corp., Tokyo, Japan; Kaken Pharmaceuti-
cal Co., Tokyo, Japan) was administered. A solution of
1.25 U/mL was prepared by dissolving the condoliase
preparation in 1.2 mL of physiological saline, which
was injected into the intervertebral disc. All patients
were carefully observed for at least 1.5 hours after the
injection and allowed to return home after confirming
that no adverse events occurred.

Clinical outcomes

Patient characteristics, including age, sex, body mass
index (BMI), disease duration, intervertebral LDH
level, smoking history, and diabetes history, were evalu-
ated in both groups. For group R, the time to recur-
rence and time from symptom recurrence to treatment
were also evaluated. The Numerical Rating Scale (NRS)
score and Oswestry Disability Index (ODI) for low back
pain and leg pain were evaluated before treatment and
at 6 months and 1 year after treatment.

Radiologic evaluation

LDH was diagnosed in all patients using standard
T1- and T2-weighted MRI in sagittal and axial views.
In group R, LDH classification, Pfirrmann classifica-
tion [18], presence or absence of high-intensity signal
changes in the LDH region on T2-weighted MRI, and
changes in the LDH size after treatment were also eval-
uated. MRI was performed before treatment and 1 year
after treatment.

Statistical analysis

Continuous variables were compared between groups
using the Student #-test, and categorical variables were
compared using the chi-square test. Changes in the
NRS scores and ODI over time (before treatment and
at 6 months and 1 year after treatment) were analyzed
using the one-way repeated-measures analysis of vari-
ance, followed by Dunnett’s post hoc test; p<0.05 was
considered significant. All statistical analyses were con-
ducted using JMP ver. 17.0 (SAS Institute Inc., Cary,
NC, USA).

B52 https://doi.org/10.31616/as).2024.0042

Results

Patient background characteristics

Regarding patient characteristics (group C, group R, p-
value), age (45.7£17.0 years, 48.8+19.2 years, p=0.622),
male sex (n=152 [63.1%], n=5 [62.5%], p=0.974), BMI
(kg/m?) (24.6+4.6, 20.8+2.1, p=0.109), disease dura-
tion (months) (9.9£16.4, 6.7+6.9, p=0.607), smoking
history (n=28 [11.6%], n=1 [12.5%], p=0.234), and
diabetes complication rate (n=13 [5.4%], n=0 [0%],
p=0.528) were analyzed, and no significant difference
in these baseline characteristics was found between the
two groups (Table 1). The LDH levels were as follows:
group C, L1-12 (n=4, 1.7%), L2-1L3 (n=12, 5.0%), L3-
L4 (n=11, 4.6%), L4-1L5 (n=105, 43.6%), and L5-S1
(n=109, 45.2%); group R, L3-L4 (n=1, 12.5%), L4-L5
(n=1, 12.5%), and L5-S1 (n=6, 75%). In group R, the
mean time from the initial treatment to LDH recur-
rence was 58.4 months (range, 4-168 months). The av-
erage time from LDH recurrence to CD therapy was 6.0
months (range, 1-21 months). The recurrent LDH was
subligamentous in four patients (50%) and transliga-
mentous in four patients (50%), and four patients (50%)
had a Pfirrmann grade III, 3 (37.5%) had grade IV, and
1 (12.5%) had grade V. Two patients (25%) exhibited
high-intensity signal changes in the LDH region on T2-
weighted MRI (Table 2).

Clinical outcomes

The mean NRS scores for low back pain (before treat-
ment and at 6 months and 1 year after treatment) were
4.9 — 2.6 — 1.8 in group C and were significantly
greater at both 6 months and 1 year after treatment
than before treatment. Although group R showed an
improvement trend of 3.5 — 2.8 — 2.2, no significant
difference was found at any time after treatment (Fig.
1A).

The mean NRS score for lower limb pain improved
significantly in group C at 6.6 — 2.4 — 1.4 and in
group R at 7.0 — 3.1 — 3.2 both 6 months and 1 year
after treatment compared with before treatment (Fig.
1B). Similarly, compared with those before treatment,
the ODI (%) in group C significantly improved at 41.4
—> 19.5 — 13.7 both 6 months and 1 year after treat-
ment. Although group R showed an improvement
trend at 35.7 — 31.7 — 26.4, no significant difference
was found (Fig. 1C).

No significant difference in the NRS scores for low
back pain was found before, 6 months after, or 1 year
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Table 1. Patient demographic and clinical characteristics

Characteristic Primary LDH (group C, n=241) Recurrent LDH (group R, n=8) p-value
Age (yr) 45.7£17.0 48.8+19.2 0.622
Sex (male) 152 (63.1) 5(62.5) 0.974
Body mass index (kg/m’) 24.6+4.6 20.8+2.1 0.109
Duration of symptoms (mo) 9.9+16.4 6.7+6.9 0.607
Herniated disc level
L1-2 4(1.7) 0
L2-3 12 (5.0) 0
L34 11 (4.6) 1(12.5)
L4-5 105 (43.6) 1(12.5)
L5-S1 109 (45.2) 6 (75.0)
Smoking status 28 (11.6) 1(12.5) 0.234
Diabetes mellitus 13 (5.4) 0 0.528
NRS for low back pain 4.9+2.9 35423 0.168
NRS for leg pain 6.6+2.6 7.043.1 0.628
Oswestry Disability Index (%) 41.5+18.1 35.7+13.8 0.408
Values are presented as mean+tstandard deviation or number (%).
LDH, lumbar disc herniation; NRS, Numerical Rating Scale.
C group C group C group
o 10 & 10 100
3
S 8- % 8 80
(=9
% 2 6 x %5 6 . © 601
§E 4- T % ® 4 * g 40+ * .
S 2 g 2 201
< g
0 = < 0 = T 0 =+
Before 6 mo lyr Before 6 mo lyr Before 6 mo lyr
R group R group R group
100
o 104 o 10
g s S % 80
0 A = *
% K 64 2 &6 T * ° 60
o5 Zz W 5
2° 4 85 e
2 2 572 204
< <
0 0 0
Before 6 mo lyr Before 6 mo lyr Before 6 mo lyr
A B C

Fig. 1. Line graph of the Numeric Rating Scale (NRS) score for low back pain (LBP) (A) and leg pain (B), and Oswestry Disability Index (ODI) % (C) before
treatment and at 3-6 months, and 1 year after treatment. “p<0.05; Significantly better than the pretreatment score.

after treatment. In addition, no significant difference in
the NRS scores for leg pain was noted before and at 6
months after treatment; however, after 1 year, the NRS
scores for leg pain were significantly greater in group C,
with 1.4 in group R, and 3.2 in group R (p=0.006).

Moreover, no significant difference in the ODI was
noted before treatment or at 1 year after treatment;
however, at 6 months after treatment, the ODI was sig-
nificantly greater in group C (19.5 in group R, 31.7 in
group R) (p=0.045) (Table 3).

Representative case presentation

A 44-year-old woman underwent microendoscopic dis-
cectomy for L5-S1 left LDH (Fig. 2A, B) at Shimoshizu
National Hospital when she was 41 years old; however,
39 months after the surgery, she complained of severe
pain radiating to her left lower limb and was rushed to
our hospital. The chief complaint was pain from the left
buttock to the back of the thigh and back of the lower
leg, which worsened when sitting, and she could not
stand.

https://doi.org/10.31616/as].2024.0042 5H3
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Table 3. Comparison of NRS score and ODI between groups
Variable Primary LDH (group C, n=241) Recurrent LDH (group R, n=8) p-value

NRS score for low back pain

Preoperative 4.9+2.9 3.5£2.3 0.168

3-6 mo 2.6£2.3 2.8+1.9 0.824

1yr 1.842.1 22423 0.654
NRS score for leg pain

Preoperative 6.6+2.6 7.0£3.1 0.628

3-6mo 2.442.6 3.1£3.0 0.259

1yr 1.4+1.8 3.242.5 0.006
ODI (%)

Preoperative 41.5+18.1 35.7+13.8 0.408

3—-6 mo 19.5+14.2 31.7+16.2 0.045

1yr 13.7£15.6 26.4+17.3 0.08

Values are presented as mean+tstandard deviation.
NRS, Numerical Rating Scale; ODI, Oswestry Disability Index; LDH, lumbar disc herniation.

Fig. 2. T2-weighted magnetic resonance images of representative case presentation (a 44-year-old female patient with recurrence). (A, C,
E, G) Sagittal image. (B, D, F, H) Axial image. (A, B) Initial left L5-S1 transligamentous lumbar disc herniation before microendoscopic
lumbar discectomy at age 41 years. (C, D) Recurrent left L5-S1 transligamentous lumbar disc herniation. (E, F) After 1.5 months of intra-
discal condoliase injection therapy, the L5-S1 disc herniation had shrunk. (G, H) 6 months after intradiscal condoliase injection therapy,
the L5-S1 disc herniation disappeared.

On physical examination, lower limb muscle strength tive. The Japanese Orthopedic Association (JOA) score
did not decrease, and lower limb sensation was as was 13 of 29, and the NRS scores for low back pain,
normally expected; however, a straight leg-raising test leg pain, and leg numbness were 0, 10, and 3, respec-
was limited to 30° on the left due to pain and was posi- tively. T2-weighted MRI of the lumbar spine revealed

https://doi.org/10.31616/as}.2024.0042 555
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a transligamentous disc herniation protruding to the
left at L5-S1 (Fig. 2C, D). The disc degeneration was
Pfirrmann grade IV (Fig. 2C, D). Selective left S1 nerve
root infiltration was performed, and the leg pain dis-
appeared; however, it recurred several hours later and
was resistant to conservative treatment. Because the
patient had recurrent LDH and surgical risk was high,
CD therapy was selected (Fig. 3). After treatment, no
adverse events were observed, and the pain radiating
to her left leg improved to an NRS score of 3 points 1.5
months after surgery. T2-weighted MRI of the lumbar
spine 1.5 months after treatment showed that the L5-
S1 disc herniation had shrunk (Fig. 2E, F), and at 6
months after treatment, the disc herniation had disap-
peared, indicating the disc degeneration did not prog-
ress (Fig. 2G, H). The NRS scores for low back pain, leg
pain, and leg numbness were 0, 0, and 3 points, respec-
tively, indicating significant improvement.

Discussion

In this study, intradiscal condoliase injection was ad-
ministered for primary and recurrent LDH, and NRS
scores and ODI for low back pain and leg pain were
recorded before treatment and at 6 months and 1 year
after treatment. MRI was also performed. Intradiscal
condoliase injection for primary LDH improved low

Fig. 3. Fluoroscopic images of L5-S1 intradiscal condoliase injection therapy
(frontal view).

556 nttps://doi.org/10.31616/as].2024.0042

back pain, leg pain, the NRS score, and the ODI. Al-
though intradiscal condoliase injection was less effec-
tive for recurrent LDH than for primary LDH, leg pain
improved significantly for up to 1 year after treatment.

Many studies have reported the effectiveness and
safety of CD therapy for newly diagnosed LDH. In
patients with LDH (those with protrusion and subliga-
mentous extrusion and transligamentous extrusion
type), CD therapy improves leg pain [14,19,20], low
back pain, and quality of life [12].

In a previous randomized study, adverse events re-
sulting from CD therapy (Hernicore versus placebo)
included back pain (36.6% versus 33.3%), Modic type
I changes (26.6% versus 17.3%), and disc height reduc-
tion of >30% (8.5%) [12]. However, severe complica-
tions such as death, anaphylactic shock, or neurological
sequelae were not recorded.

Regarding long-term results evaluated in clinical tri-
als, only 2% of patients needed surgery 5 years after
administration [13], which is approximately 6%-24%
of patients who underwent surgery for hernia removal
[21-24], suggesting that LDH recurrence after CD ther-
apy is lower than that after surgery.

Furthermore, recent studies on CD therapy have
shown good results for lateral LDH [25]. Other studies
have that cited that CD therapy was effective in trans-
ligamentous extrusion type of LDH and LDH showing
high signal intensity on T2-weighted MRI [14,26]. In
the present study, as in the previous study, CD therapy
for primary LDH also improved low back pain, leg
pain, and the ODIL.

Few studies have reported CD therapy for patients
with LDH recurrence. In a report on CD therapy for
recurrent LDH, conservative treatments with oral an-
algesics and selective nerve root infiltration were not
successful. Nevertheless, low back pain, leg pain, and
leg numbness improved immediately after intradiscal
condoliase injection [15], which was as effective as re-
operation [27].

A study reported that half of the patients stated that
their leg pain alleviated by >50%; however, improve-
ments in low back pain and JOA scores were not signifi-
cant [17]; moreover, no improvement in the visual ana-
log scale score for leg pain was reported in the relapsed
LDH group in a previous study [14]. Although we found
no significant improvement in low back pain or ODI
score, leg pain was significantly improved after surgery
in four/eight patients (50%), and the results were good in
six/eight patients (75%) 1 year after surgery.

Until now, short-term results (up to 3-6 months) on
recurrent LDH have been reported [14-17], and to our
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knowledge, this is the first long-term follow-up study of
more than 1 year on the efficacy of condoliase injection
for recurrent and primary LDH.

Banno et al. [14] reported that a history of surgery at
the same intervertebral level contributed to the poor re-
sults of CD therapy; however, the result was based on a
short-term follow-up of 3 months in only three patients
with recurrent LDH. We compared eight cases of recur-
rent LDH with 241 cases of primary LDH (Table 3) and
found no significant difference in leg pain between the
groups after 6 months (p>0.05); however, the intensity
of leg pain was significantly higher in recurrent LDH
than in primary LDH after 1 year (p<0.05), suggesting
that CD therapy is also effective in improving leg pain
in recurrent LDH, although it is less effective than in
primary LDH. However, it is less effective at improving
low back pain and the ODI in patients with recurrent
LDH than in those with primary LDH, similar to the
6-month follow-up of six cases of recurrent LDH by
Fukui et al. [17].

In the present study, as in previous studies, no adverse
events from CD therapy were observed, and it appears
that condoliase injection for postoperative LDH recur-
rence is safe [14-17]. CD therapy is also more cost-
effective than surgical treatment [28] and is considered
useful as a minimally invasive, safe, and cost-effective
alternative to surgical or conservative treatment.

This study has several limitations. First, sufficient sta-
tistical power was lacking because of the small number
of recurrent cases analyzed; thus, additional studies in a
larger population are required to confirm our findings.
Previous reports on recurrent LDH included a small
number of cases: three cases by Banno et al. [14], one
by Funayama et al. [15], eight by Nakajima et al. [16],
and six by Fukui et al. [17], and they reported short-
term results of 3-6 months. Thus, to our knowledge,
this is the first study to compare 241 cases of primary
LDH and eight cases of recurrent LDH.

Second, although the presence or absence of recur-
rent disc herniation regression was evaluated, a quanti-
tative evaluation was not performed. Finally, the eight
recurrent cases showed heterogeneity in the duration of
relapse (range, 4-168 months) and the duration from
symptom onset to treatment (range, 1-21 months).
In one case (patient 7) in which the duration from the
onset of symptoms to treatment was 21 months, the
improvement in leg pain was poor at NRS 7 at the final
observation. Thus, longer treatment durations with CD
therapy may lead to worse clinical outcomes.

Conclusions

Intradiscal condoliase injection for primary LDH im-
proved low back pain and leg pain, as measured by the
NRS score and ODI. Although intradiscal condoliase
injection was less effective for recurrent LDH than for
primary LDH, leg pain improved significantly for up to
1 year after treatment. In addition, although intradiscal
condoliase injection is less effective for LDH recurrence
than for primary LDH, it improves leg pain in patients
with recurrent LDH and can be considered a minimally
invasive and safe treatment method.

* Patients with primary lumbar disc herniation
(LDH) showed significant improvement in low
back pain, leg pain, and Oswestry Disability Index
(ODI) scores at both 6 months and 1 year after
intradiscal condoliase injection.

Although patients with recurrent LDH demon-
strated improved leg pain, the intradiscal condoli-
ase injection was less effective for recurrent LDH
than primary LDH, with no significant improve-
ment in low back pain or ODI scores.

The study confirmed the high safety profile of
intradiscal condoliase injection, with no severe
complications reported. It highlighted the treat-
ment as a minimally invasive and cost-effective
alternative to surgical intervention.

The study noted that while the injection was ben-
eficial for leg pain in recurrent LDH, it was less ef-
fective for improving low back pain and disability
scores, indicating a potential need for alternative
or adjunctive treatments for recurrent cases.
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