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Abstract

The detailed changes in disc properties after intradiscal injection of condoliase remain controversial.
At 3 and 9 months after administration, radiographic changes in discs were investigated. A total of 41
patients (men, 25; median age, 46 years) who underwent regular follow-up magnetic resonance imag-
ing at 3 and 9 months after administration without additional invasive therapy were retrospectively
investigated. The intensity changes of the nucleus pulposus based on the Pfirrmann disc grading sys-
tem, midsagittal disc height, and maximum protrusion length of herniation were assessed. In addition,
disc height changes were compared between 24 patients aged <50 years (young group) and 17 patients
aged 250 years (over 50s group). The overall mean disc heights were 9.1, 7.5, and 7.6 mm preopera-
tively, at 3 months, and at 9 months, respectively, with a significant reduction at 3 months (P < 0.001)
and no significant changes thereafter. The mean maximum protrusion length of herniation signifi-
cantly and gradually decreased. The overall proportions of Pfirrmann disc grades after administration
were equivalent between 3 and 9 months. However, the recovery from Pfirrmann disc grades IV to III
was confirmed in 8 of 17 cases (47.1%) between 3 and 9 months, whereas 6 of 20 cases (30.0%) showed
a decline from III to IV. Patients in the young group with pretreatment disc height >11 mm had the
greatest reduction in disc height than the over 50s group. In conclusion, the clinical outcomes in the
over 50s group were comparable to those in the young group after injection of condoliase, whereas

young patients with higher disc were more susceptible to disc height reduction.
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Introduction

Percutaneous chemonucleolysis with condoliase has
been available in Japan since 2018 as a less invasive treat-
ment for painful lumbar disc herniation. This treatment
relieves pain in the buttocks and lower limbs caused by
lumbar disc herniation with indirect decompression by re-
ducing the water content of proteoglycan as the main
component of the nucleus pulposus with the percutaneous
intradiscal administration of condoliase. The effective clini-
cal rates of chemonucleolysis with condoliase <6 months
after the administration have been reported to be 70.2%-
85.4%."” A few studies also reported effective clinical rates

of 76.19%-85% in the further long term <2 years.””

Contrarily, regarding radiographic assessments, a few
studies have reported changes in disc properties >6
months after condoliase administration, but the interpreta-
tion of the results remains controversial.**” Therefore, this
study aimed to show detailed radiographic changes in the
intervertebral disc with clinical outcomes at 3 and 9
months after condoliase administration, further dividing
patients into the young and over 50s groups for the analy-
sis of disc height reduction.
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Table 1 Demographic and baseline characteristics of
patients

Variables Data (n=41)

Age, years; median (IQR) 46.0 (33.0-57.5)

10s 5 (12.2%)
20s 4(9.8%)
30s 6 (14.6%)
40s 9 (22.0%)
50s 9 (22.0%)
60s 3 (7.3%)
70s 3(7.3%)
80s 2 (4.9%)
Men, n 25 (61.0%)

Follow-up periods, days; median (IQR) ~ 274.0 (266.0-285.0)

Herniation level

12/3 3 (7.3%)

L3/4 1(2:4%)

L4/5 21 (51.2%)

L5/S1 16 (39.0%)
Laterality, n (%)

Left 22 (53.7%)

Right 19 (46.3%)

MRI T2WI signal of nucleus pulposus, n

Pfirrmann disc grade II 3(7.3%)
Pfirrmann disc grade III 37(90.2%)
Pfirrmann disc grade IV 1(2.4%)

T2WI, T2-weighted image

Materials and Methods

Patients

We retrospectively investigated 41 consecutive patients
(men, 25; women, 16; median age, 46.0 years; interquartile
range [IQR], 33.0-57.5 years) who underwent intradiscal in-
jection of condoliase between October 2020 and September
2022 as well as regular follow-up magnetic resonance im-
aging (MRI) at 3 and 9 months after administration with-
out additional invasive therapy. During the same period,
four patients underwent removal of herniation 3 months
or later after administration due to a lack of pain relief,
and five patients refused to undergo MRI at 9 months af-
ter administration, claiming that their pain had been re-
lieved and that no further examinations were necessary.
The indications for intradiscal injection of condoliase were
as follows: unilateral leg pain with or without low back
pain, no improvement after conservative treatment for 6
weeks and more, and distribution of leg pain correspond-
ing to probable subligamentous herniation on MRI. Con-
versely, the following conditions were listed as contraindi-
cations: herniation of apparent transligamentous or se-
questration type, cauda equina syndrome, and motor
weakness manual muscle test <4-. This study was ap-
proved by the institutional review board of our institution
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(registration number: 230) and was therefore conducted in
accordance with the principles of the 1964 Declaration of
Helsinki and its later amendments. Written informed con-
sent was obtained from all patients before chemonucleoly-
sis. However, due to the retrospective nature of the study,
informed consent was not required for patients to partici-
pate in this study. Table 1 presents the demographic and
baseline characteristics of the 41 patients.

Intervention

The patient was placed in the prone position on a radi-
olucent bed. After local disinfection and anesthesia, a 21-
gauge disc puncture needle was inserted into the interver-
tebral disc from 5-10 cm lateral to the midline under
fluoroscopic guidance. The needle tip was positioned in
the dorsal 1/3 of the intervertebral disc near the hernia-
tion with the laterality from the herniation dominant side;
the positions were rigorously confirmed via cone beam
computed tomography in all cases.” Condoliase (1.25 U)
was dissolved in 1.2-mL saline and injected into the in-
tervertebral disc. The patients were allowed to move freely
immediately after administration and were discharged the
following day.

Clinical and radiographic evaluations

Clinical outcomes were evaluated at baseline, 3 months,
and 9 months after administration using the Japanese Or-
thopaedic Association Back Pain Questionnaire (JOAB-
PEQ),"” a visual analogue scale (VAS) score for low back
pain, and VAS scores for pain and numbness in the but-
tocks and lower limbs. The JOABPEQ includes functional
scores for each of the five domains (pain-related disorders,
lumbar spine dysfunction, gait disturbance, social life dys-
function, and psychological disorders) based on the pa-
tient’s subjective judgment. The score for each domain is
in the range of 0-100, with higher scores indicating better
condition. The therapeutic effects for individual patients
were judged “effective” if either of the following conditions
were met: 1) posttreatment score >20 points higher than
the pretreatment score and 2) pretreatment score <90
points and posttreatment score >90 points. The effective-
ness rate based on each pre- and postoperative domain
(low back pain, lumbar function, walking ability, social life
function, and mental health) in each group was calculated
using the following formula: (number of patients judged
“effective”)/[(total number of patients in the group) -
(number of patients with pre and posttreatment scores
both 290)] x 100 (%). The recovery of VAS scores 2 2
points was defined as “effective” and with >50% as “satis-
factory” based on the concept of minimum clinically im-
portant difference."

For radiographic assessment, MRI was performed pre-
and postoperatively in conjunction with the clinical exami-
nation. In all 41 patients, the following MRI parameters
were used to compare pre- and postoperative radiographic
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Table 2 JOABPEQ and VAS scores at baseline, 3 months, and 9 months after administration

Baseline 3 months p 9 months p
(VS baseline)

JOABPEQ; median (IQR)

Pain-related disorders 29 (14-43) 100 (57-100)  <0.001* 100 (71-100) <0.001*

Lumbar spine dysfunction =~ 42 (29-58) 75 (58-100) <0.001* 83 (79-100) <0.001*

Gait disturbance 43(14-71) 93 (64-100)  <0.001*  100(86-100)  <0.001*

Social life dysfunction 43 (19-57) 73 (51-78) <0.001* 78 (59-100) <0.001*

Psychological disorders 48 (39-54) 59 (51-74) <0.001* 66 (49-78) <0.001*
VAS, median (IQR)

Low back pain 50(3575) 20(L0-40) <0.001* 1.0(0.8-3.0)  <0.001*

Pain in the buttocks 70(5.0-85) 2.0(1.0-30)  <0.001*  1.0(0-2.0) <0.001*

and lower limb

Numbness in the buttocks 6.0 (3.0-8.0) 1.0 (0-2.5) <0.001*  0(0-1.5) <0.001*

and lower limb

Wilcoxon signed rank test.

JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire; VAS, visual analogue

scale; IQR, interquartile range

data: mid-sagittal disc height, maximum protrusion length
of herniation from the posterior line of the adjacent verte-
bral bodies, and Pfirrmann disc grade of the nucleus pul-
posus on MRI T2-weighted image (T2WI).” The Pfirrmann
disc grading system is defined as follows: grade I, homoge-
neous with a bright hyperintense white signal intensity
and a normal disc height; grade II, inhomogeneous with a
hyperintense white signal, clear distinction between the
nucleus and the annulus, and normal disc height; grade
III, inhomogeneous with an intermediate gray signal inten-
sity, unclear distinction between the nucleus and annulus,
and normal or slightly decreased height; and grade IV, in-
homogeneous with an hypointense dark gray signal inten-
sity, lost distinction between the nucleus and the annulus,
and normal or moderately decreased disc height. Further-
more, comparisons of the clinical outcomes and changes
in disc height between 24 patients in the young group (<50
years, Y group) and 17 patients in the over 50s group (250
years, O group) were performed using five effective rates in
JOABPEQ, VAS score for low back pain, and VAS scores for
pain and numbness in the buttocks and lower limbs. Each
value of the radiographic parameter was carefully fixed af-
ter a few measurements to avoid an error by T.O.

Statistical analysis

Continuous variables in clinical parameters were ex-
pressed as median (IQR), and differences between the
groups were compared using the chi-squared test, Wil-
coxon signed rank test, or Mann-Whitney U test. Contrar-
ily, for the analysis of changes in intervertebral disc prop-
erties, continuous variables in radiographic parameters
were expressed as mean + standard deviation using the re-
peated measures analysis of variance test. Two-sided P <
0.05 was considered to indicate statistical significance. All

statistical analyses were conducted using IBM SPSS Statis-
tics for Windows, version 28.0 (IBM Corp., Armonk, NY,
USA).

Results

All five domains in the JOABPEQ, VAS score for low
back pain, and VAS scores for pain and numbness in the
buttocks and lower limbs at 3 and 9 months after admini-
strations significantly improved compared with baseline
(Table 2). These five effectiveness rates in the JOABPEQ at
3 and 9 months after administrations compared with base-
line were as follows: 82.5% and 82.5% for low back pain,
65.9% and 90.2% for lumbar function, 69.4% and 86.1% for
walking ability, 63.4% and 70.7% for social life function,
and 36.6% and 51.2% for mental health. The proportions of
VAS score recoveries >2 points for low back pain, pain in
the buttocks and lower limbs, and numbness in the but-
tocks and lower limbs at 3 and 9 months postoperatively
from baseline were 75.6% and 75.6%, 87.8% and 90.2%, and
70.7% and 82.9%, respectively. Furthermore, the proportion
of VAS score recoveries >50% for low back pain, pain in
the buttocks and lower limbs, and numbness in the but-
tocks and lower limbs at 3 and 9 months after administra-
tion compared with baseline were 58.5% and 70.7%, 68.3%
and 87.8%, and 65.9% and 78.0%, respectively, with satisfac-
tory proportions, particularly in the recovery of VAS score
for pain in the buttocks and lower limbs. In general, aller-
gic reaction is considered to be a concern with chemonu-
cleolysis with condoliase, but even mild allergic reaction
such as skin rash was not confirmed in our cohort.

Regarding radiographic assessment, the mean mid-
sagittal disc height on MRI significantly decreased from 9.1
+ 0.3 mm preoperatively to 7.5 + 0.2 mm at 3 months (P <
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Fig. 1 The mean mid-sagittal disc height (A) and mean maximum protrusion length of herniation (B) on MRI at baseline, 3
months, and 9 months after intradiscal injection of condoliase are shown. The changes in Pfirrmann disc grades after administra-
tion are shown in detail, focusing on each grade at the baseline and each grade change at 3 and 9 months thereafter (C).

0.001) and remained unchanged at 7.6 + 0.2 mm at 9
months (Fig. 1A). The mean maximum protrusion lengths
of herniation were 6.7 + 0.3 mm preoperatively, 5.1 + 0.2
mm at 3 months, and 3.9 + 0.1 mm at 9 months, showing
a significant gradual decrease (Fig. 1B). The Pfirrmann disc
grade II, III, and IV proportions of the nucleus pulposus
were 3 (7.3%), 37 (90.2%), and 1 (2.4%) case at baseline; 0
(0%), 22 (53.7%), and 19 (46.3%) at 3 months; and 0 (0%),
24 (58.5%), and 17 (41.5%) at 9 months, respectively, show-
ing no apparent differences in the proportions of disc
grades between 3 and 9 months in the overall patient
population. However, when focusing on grades III and IV
in the changes in each disc grade, the increased intensity
of the nucleus pulposus from grades IV to III was con-
firmed in 8 of 17 cases (47.1%) between 3 and 9 months,
whereas 6 of 20 cases (30.0%) presented with decreased in-
tensity from grades III to IV during the same period (Fig. 1
C).

Comparisons of the clinical outcomes and changes in
disc height between the Y and O groups showed a signifi-
cant decrease in disc height at 3 months after administra-
tion in the Y group compared with the O group (P = 0.015)
(Fig. 2A), showing no significant differences in all five ef-
fective rates in JOABPEQ, and the proportion of recovery
of VAS scores 22 points and 250% for low back pain, pain
in the buttocks and lower limbs, and numbness in the but-
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tocks and lower limbs in both groups. However, the VAS
score for low back pain at baseline was slightly higher in
the Y group compared with the O group (P < 0.014) (Table
3). Particularly in disc height reduction, the patients in the
Y group with pretreatment disc height >11 mm seemed to
suffer the greatest reduction in disc height compared with
the O group (Fig. 2B and C).

Discussion

The present study demonstrates detailed radiographic
changes in intervertebral disc with clinical outcomes after
condoliase administration. First, the maximum protrusion
length of herniation gradually decreased at 3 and 9
months after administration. Second, the mean mid-
sagittal disc height decreased by approximately 1.6 mm at
3 months after administration and remained unchanged at
9 months. Third, the Pfirrmann disc grade deterioration
was demonstrated in 20 of 41 patients (48.8%) at 3 months
after administration, but no apparent differences in the
proportions of disc grades were confirmed between 3 and
9 months in the overall patients. However, when focusing
on grades III and IV in the changes in each disc grade, the
intensity changes of the nucleus pulposus between grades
IV and III were heterogeneous from 3 to 9 months. Fourth,
a significant decrease in disc height at 3 months after ad-
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Fig. 2 The changes in disc height after administration are shown, with patients divided into the young (Y) and over 50s (0)
groups at age 50 (A). Note the trend toward great reductions in disc height at 3 and 9 months after administration in patients with
baseline disc height > 11 mm in the Y group compared with the O group (B and C).

ministration was observed in the young group, whereas no
significant difference was confirmed in all parameters re-
lated to clinical improvement in both groups. Overall satis-
factory clinical results were achieved in patients after
chemonucleolysis with condoliase. In particular, recovery
rates >50% of the VAS scores for pain in the buttocks and
lower limbs were 68.3% and 87.8% at 3 and 9 months, re-
spectively.

Regarding the changes in intervertebral disc after injec-
tion of condoliase, Banno et al. reported the MRI findings
in 35 patients at 2 years after administration. In this study,
they reported the significant decrease in the mean disc
height at 3 months after injection, the tendency of disc
height recovery at 1 year without statistical significance,
and maintenance of recovered disc height until two years.
Progression in terms of Pfirrmann classification was also
observed in 20 of 35 patients (57.1%) at 3 months; how-
ever, 6 patients (30.0%) showed recovery of nucleus pulpo-
sus intensity at 2 years. Furthermore, disc height recovery
with a recovery rate > 50% at 2 years compared with base-
line was observed in 15 of 35 patients (42.9%) and was sig-
nificant in younger patients.” Banno et al. also reported in
another previous study that the disc height recovery rate >
50% at 1 year was 30.8%.” This disc height recovery rate
was calculated as follows: (disc height at the last follow-up
- disc height at 3 months)/(disc height at baseline - disc
height at 3 months) x 100 (%). Contrarily, in our cohort,

Pfirrmann disc grade progression was detected in 20 of 41
patients (48.8%) at 3 months after administration, and
Pfirrmann disc grade recovery was confirmed in 8 of 20
patients (40.0%) only with the recovery pattern from
grades IV to IIL. In terms of disc height recovery, only 9 of
41 patients (22.0%) had a recovery rate > 50% at 9 months.
Consequently, the gradual recovery of disc height would be
expected to some extent and with a relatively high fre-
quency, although the disc height temporally decreased in
almost all cases during a few months after administration.
Regarding the changes in Pfirrmann disc grades, we dem-
onstrated the detailed changes in each grade after admini-
stration in the present study. The recovery of Pfirrmann
disc grade was limited in the changes from grade IV at 3
months to III at 9 months, whereas one in three patients
(33.3%) with grade II at baseline had an unfavorable pro-
gression to grade IV at 9 months. Therefore, condoliase
should be administered to patients with near-normal nu-
cleus pulposus after obtaining informed consent, which in-
cluded information about the possibility of severe reduc-
tion in disc water-holding capacity. Animal studies in dogs
or cynomolgus monkeys have demonstrated that the num-
ber of nucleus pulposus cells is significantly reduced after
condoliase administration due to degeneration and necro-
sis, but from 4 weeks after administration, proteoglycan is
produced by the regeneration of nucleus pulposus cells,
suggesting that the water-holding capacity of nucleus pul-

Neurol Med Chir (Tokyo) 64, June, 2024



Disc Changes after Condoliase Injection

Table 3 Characteristics at baseline and clinical outcomes at 9 months in the young

and over 50s groups

227

Y group O group P

Number of cases 24 17 NA
Male, n 16 (66.7%) 9 (52.9%) 0.375
Age, years; median (IQR) 36.5(20.3-43.8)  59.0 (54.0-70.0) NA
JOABPEQ at baseline; median (IQR)

Pain-related disorders 14.0 (0-43.0) 43.0 (21.5-50.0)  0.051

Lumbar spine dysfunction 37.5(25.0-50.0)  50.0 (33.0-70.5)  0.131

Gait disturbance 60.5(14.0-79.0)  43.0 (10.5-64.0)  0.129

Social life dysfunction 38.0(8.8-51.0)  51.0(32.5-58.0)  0.133

Psychological disorders 48.5(36.8-55.5)  46.0 (39.0-52.0)  0.652
VAS score at baseline; median (IQR)

Low back pain 6.0 (4.3-8.0) 5.0 (3.0-5.5) 0.014*

Pain in the buttocks and lower limb 7.0 (5.0-8.8) 7.0 (5.0-8.5) 0.452

Numbness in the buttocks and lower limb 6.0 (4.3-8.0) 5.0 (2.5-8.0) 0.699
JOABPEQ; Effective rate

Low back pain 20/24 (83.3%) 13/16 (81.3%) 1.000

Lumbar function 23/24 (95.8%) 14/17 (82.4%) 0.290

Walking ability 17/19(89.5%)  14/17 (82.4%)  0.650

Social life function 19/24 (79.2%) 10/17 (58.8%) 0.184

Mental health 14/24 (58.3%) 7/17 (41.2%) 0.279
Recovery of VAS score > 2 points, n

Low back pain 19 (79.2%) 12 (70.6%) 0.714

Pain in the buttocks and lower limb 22 (91.7%) 15 (88.2%) 1.000

Numbness in the buttocks and lower limb 21 (87.5%) 13 (76.5%) 0.421
Recovery of VAS score = 50%, n

Low back pain 18 (75.0%) 11 (64.7%) 0.507

Pain in the buttocks and lower limb 22 (91.7%) 14 (82.4%) 0.633

Numbness in the buttocks and lower limb 20 (83.3%) 12 (70.6%) 0.450

x* test and Mann-Whitney U test.

Y group, young group; O group, over 50s group; NA, not applicable; JOABPEQ, Japanese Ortho-
paedic Association Back Pain Evaluation Questionnaire; VAS, visual analogue scale, IQR, inter-

quartile range

posus tissue is restored over time.*'” The mechanism by
which Pfirrmann disc grade and disc height improve may
involve the aforementioned actions.

When comparing the changes in disc height between
the Y and O groups, as expected, a significant decrease in
disc height at 3 months was observed in the Y group com-
pared with the O group. Contrarily, no significant differ-
ence in disc height between the two groups was observed
at 9 months because of the slight recovery in disc height
from 3 to 9 months in the Y group. Despite such differ-
ences in changes in disc height after injection of condoli-
ase in both groups, the parameters related to clinical im-
provement, such as five effective rates in JOABPEQ or the
proportion of recovery of VAS scores >2 points and >50%
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for low back pain, pain in the buttocks and lower limbs,
and numbness in the buttocks and lower limbs, were com-
parable in both groups. The VAS score for low back pain
at baseline was significantly higher in the Y group than in
the O group, but this was expected because the younger
generations with lumbar disc herniations would generally
have low back pain with the high proportions. Further-
more, the differences in VAS scores for low back pain be-
tween the generations would not be as significant because
the primary indication for condoliase administration in Ja-
pan is unilateral leg pain with or without low back pain
and the recovery of low back pain is a secondary effect.
Future study should investigate the primary effect of intra-
discal injection of condoliase for low back pain. In such
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point of view, patients should be informed of the possibil-
ity of severe reductions in disc height before administra-
tion, particularly young patients with near-normal disc
height, but there is no need to hesitate in administering it
to young patients who agree with such information. Con-
trarily, the therapeutic effect of condoliase on discs with
some degree of advanced disc degeneration was also con-
sidered promising. McGirt reported that disc height losses
of 18% at 3 months and 26% at 2 years were confirmed in
108 patients who underwent open discectomy in a pro-
spective cohort study.” Further studies are warranted to
investigate the long-term risks of disc dehydration or disc
height loss following discal injection of condoliase.

This study has some limitations. First, this was a retro-
spective study that included comparative analyses, and the
sample size was small. A prospective randomized con-
trolled trial in a larger population with a long study period
is necessary. Second, the median follow-up period of 274
(IQR, 266-285) days after the administration is insufficient
for the final evaluation of condoliase in lumbar disc herni-
ation. However, the present study focused on the detailed
radiographic changes at 3 and 9 months when the most
active changes in intervertebral disc properties were ex-
pected after condoliase administration. Third, postopera-
tive MRI was refused in five patients at 9 months after
condoliase administration, although they did not want fur-
ther examinations as their pain had improved. Finally, in
the comparison of clinical outcomes and changes in disc
properties between the Y and O groups, the separation of
the cohort at age 50 may be insufficient for true intergen-
erational comparisons. In the future, analyses between
more divided generations in a large population are manda-
tory.

In conclusion, the mean disc height after condoliase ad-
ministration decreased by approximately 1.6 mm at 3
months but revealed no further reduction between 3 and 9
months. The proportions of Pfirrmann disc grades between
3 and 9 months after administration were equivalent in
the overall patients, whereas heterogeneous changes be-
tween Pfirrmann disc grades III and IV were confirmed
during the same period. Young patients with higher disc
appeared to be more susceptible to disc height reduction
after administration of condoliase, whereas no significant
difference was confirmed between the two groups in all
parameters related to clinical improvement. Chemonu-
cleolysis with condoliase has the potential to be a first-line
treatment instead of surgical removal for painful lumbar
disc herniation owing to its less invasive nature if the rate
of symptomatic problems due to disc degeneration is ac-
ceptable in the long term.

Portions of this work were presented in the afternoon
seminar at the 38" Annual Meeting of the Neurospinal So-
ciety of Japan, Nagoya, Japan, June 16, 2023.
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