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Botulinum Toxin Type A for Neuropathic
Pain in Patients with Spinal Cord Injury

Zee-A Han, MD, PhD," Dae Heon Song, MD, PhD,?
Hyun-Mi Oh, MD,?* and Myung Eun Chung, MD, PhD?

Objective: To evaluate the analgesic effect of botulinum toxin type A (BTX-A) on patients with spinal cord injury-
associated neuropathic pain.
Methods: The effect of BTX-A on 40 patients with spinal cord injury-associated neuropathic pain was investigated
using a randomized, double-blind, placebo-controlled design. A 1-time subcutaneous BTX-A (200U) injection was
administered to the painful area. Visual analogue scale (VAS) scores (0-100mm), the Korean version of the short-form
McGill Pain Questionnaire, and the World Health Organization WHOQOL-BREF quality of life assessment were eval-
uated prior to treatment and at 4 and 8 weeks after the injection.
Results: At 4 and 8 weeks after injection, the VAS score for pain was significantly reduced by 18.6 = 16.8 and
21.3 = 26.8, respectively, in the BTX-A group, whereas it was reduced by 2.6 = 14.6 and 0.3 = 19.5, respectively, in the
placebo group. The pain relief was associated with preservation of motor or sensory function below the neurological
level of injury. Among the responders in the BTX-A group, 55% and 45% reported pain relief of 20% or greater at 4 and
8 weeks, respectively, after the injection, whereas only 15% and 10% of the responders in the placebo group reported a
similar level of pain relief. Improvements in the score for the physical health domain of the WHOQOL-BREF in the BTX-
A group showed a marginal trend toward significance (p = 0.0521) at 4 weeks after the injection.
Interpretation: These results indicate that BTX-A may reduce intractable chronic neuropathic pain in patients with
spinal cord injury.
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Pain is one of the most common complications of spi-
nal cord injury (SCI), and the prevalence rates of
pain in patents with SCI ranges between 75 and
81%.' The most common subtype of pain in patients
with SCI is neuropathic pain, which is defined as “pain
caused by a lesion or disease of the somatosensory sys-
tem.”> Neuropathic pain is one of the most problematic
complications, reducing quality of life and interfering
with cognitive, emotional, and physical functioning fol-
lowing SCI.*7 In addition, neuropathic pain after SCI is
generally severe, refractory to treatment, and persistent
over time."

Botulinum toxin (BTX) is commonly used to treat
spasticity or dystonia. Recent studies have suggested that

BTX type A (BTX-A) is effective for the treatment of
chronic pain conditions such as chronic migraine, post-
herpetic neuralgia, post-traumatic neuralgia, or diabetic
neuropathy.*'" Tt has been suggested that BTX-A may
inhibit neurogenic inflammation and the peripheral sen-
sitization of nociceptive fibers by inhibiting the release of
local neuropeptides such as substance P, calcitonin gene-
related peptide, or glutamate, thereby reducing pzlin.lz’13
In addition, a retrograde effect of BTX-A on the spinal
cord by axonal transport is proposed as the central mech-
anism of the antinociceptive effect of BTX-A."*'¢ We
propose that BTX-A may be effective for the treatment
of intractable neuropathic pain in patients with SCI due
to these mechanisms. To the best of our knowledge, the
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efficacy of BTX-A on neuropathic pain in patients with
spinal cord lesions has been suggested in only a few case
reports.17’18

This study is the first to evaluate the potential effects
of BTX-A on neuropathic pain in patients with SCI using

a double-blind, placebo-controlled, parallel group design.

Patients and Methods

This study was conducted at St Paul’s Hospital, Catholic Uni-
versity of Korea in Seoul, South Korea and at National Health
Insurance Service Ilsan Hospital, Gyeonggi-do, South Korea,
and it was approved by the institutional review boards of St
Paul’s Hospital and National Health Insurance Service Ilsan
Hospital. The patients were recruited between July 2012 and
April 2013, and all patients provided written informed consent

before inclusion.

Patients

Patients with SCI were recruited from the community and clini-
cal settings and by referrals from clinicians. The inclusion criteria
were (1) men or women > 19 years of age; (2) SCI of any level
(American Spinal Injury Association [ASIA] impairment scale A—
D); (3) at least 1 year after SCI with no change in the neurologi-
cal status for at least 6 months; and (4) daily neuropathic pain
for at least 3 months (a visual analog scale [VAS; 0-100mm]
score > 40 at baseline), with neuropathic pain being defined by
the diagnostic criteria proposed by the International Association
for the Study of Pain.>'” The exclusion criteria were (1) contra-
indication for BTX-A (eg, myasthenia gravis or other diseases of
the neuromuscular junction), (2) hypersensitivity to the BTX-A
formulation, (3) coagulation disorders, (4) any other painful con-
dition, and (5) a history of previous BTX-A treatment. Concom-
itant analgesic medication was authorized, provided that the dose
was stable for at least 1 month before enrollment and remained
stable throughout the study.

At initial enrollment, we excluded all patients with pain
other than those of neuropathic origin. Patdents with musculoskel-
etal (nociceptive) pain in the injected area defined by the Interna-
tional Spinal Cord Injury Pain Basic Data Set, which includes
cutaneously induced spasm-related pain, dull or aching pain related
to movement, tenderness of musculoskeletal structures on palpa-
tion, response to anti-inflammatory medications, and evidence of
skeletal pathology on imaging consistent with the pain presenta-
tion, were excluded.?’ Dull, aching, or cramping pain located in
the thorax or abdomen was considered to be visceral pain and was
also excluded. Furthermore, patients with neuropathic pain sus-
pected to be unrelated to SCI (mononeuropathy, postherpetic neu-
ralgia, central poststroke pain, etc) were also excluded during the

enrollment process.

Protocol

We conducted an 8-week, randomized, double-blind, placebo-
controlled, parallel group study. Figure 1 shows the study time-
line. A total of 3 visits were scheduled over 8 weeks (at baseline,

and 4 and 8 weeks after injection). Before the study was initiated,
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FIGURE 1: Study time line. Injections totaling 200U (in 4ml
saline) of botulinum toxin type A were administered subcu-
taneously in a checkerboard pattern (40 injections) over the
maximally affected area. The pain intensity according to the
visual analogue scale (VAS), the Korean version of the short-
form McGill Pain Questionnaire (SF-MPQ), and the Korean
version of the WHOQOL-BREF were evaluated at baseline
and 4 and 8 weeks after the injection.

an unmasked statistician who had no involvement with the
remainder of the study developed a block randomization scheme
(using SAS v9.1; SAS Institute, Cary, NC) to assign eligible
patients at a 1:1 ratio to receive injections of BTX-A (Meditoxin
[Medytox, Seoul, South Korea], 200U in 4ml) or saline (isotonic
sodium chloride [Daihan Pharmaceutical Co, Seoul, South
Korea], 4ml). Each device used for this study was identified by a
serial number that corresponded to a patient’s number in the ran-
domization schedule. The dilution of BTX-A and preparation of
syringes was performed by an independent nonblinded pharma-
cist. The placebo syringes were identical in appearance to the
syringes containing BTX-A. The treatment allocation code was
kept in a sealed envelope until the completion of the study. Medi-
cation was blindly injected subcutaneously. A total of 200U of
BTX-A were reconstituted in 4ml of saline solution. BTX-A or
saline was injected subcutaneously in a checkerboard pattern over
the maximally affected area. When there was > 1 area of pain, the
subjects were asked to choose the area with greater pain. The total
injection area was limited to 20% or less of the total body surface
area (eg, the injection area of one anterior and posterior leg was
18%).! When the total painful area to be injected was 20% or
less of the total body surface, the whole affected area was injected.
When the total painful area was >20% of the total body surface,
injection area was limited to the 20% or less rule. Each patient
received 40 injections in total, with a minimum distance of lem
between injection sites. The placebo group received saline admin-
istered in the same manner. The patients, physicians who admin-
istered treatment, and assessors were all blind to the treatments
throughout the study. The drugs were administered by a single

physician in each institution.

Outcome Measures

The primary outcome measures included changes in the average

pain intensity over the past 24 hours using the 100mm VAS (0 = no

pain, 100 = unbearable pain) at 4 and 8 weeks after the injection.
The secondary outcome measures included changes in the

pain quality and intensity at 4 and 8 weeks after the injection

using the Korean version of the short-form McGill Pain
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49 patients assessed
for eligibility

9 excluded
— 8 did not meeting inclusion criteria
1 declined to participate

‘ 40 randomly assigned ‘

l

20 assigned to placebo
(visit 1)

20 assigned to receive BTX-A
(visit 1)

1 lost to follow up || 2 lost to follow up

1 patient’s choice 2 patient’s choice

19 remained in study to 4 weeks
(visit 2)

18 remained in study to 4 weeks
(visit 2)

1 lost to follow up
1 patient’s choice

18 remained in study to 8 weeks
(visit 3)

18 remained in study to 8 weeks
(visit 3)

20 analysed for intention-to-treat] \20 analysed for intention-to-treat|

FIGURE 2: Study profile. BTX-A = botulinum toxin type A.

Questionnaire (SF-MPQ). Additionally, other secondary out-
come measures included the proportion of responders who
reported pain relief of 50% or greater, the proportion of
responders who report pain relief of 30% or greater, and the
proportion of responders who reported pain relief of 20% or
greater at 4 and 8 weeks after the injection. Changes in quality
of life using the Korean version of the World Health Organiza-
tion WHOQOL-BREF quality of life assessment at 4 and 8
weeks after the injection were also evaluated.?

The adverse effects of BTX-A were evaluated throughout
the study.

Statistical Analysis
Based on a similar study conducted in patients with diabetic neu-
ropathic pain, mean difference between the study group and con-
trol group in change of VAS at week 4 from baseline was assumed
to be 20mm with a standard deviation of difference of 20.4mm
and 22.4mm. Considering a 5% level of significance, power of
80%, and a possible dropout rate of 10%, the total target number
of subjects was calculated to be 20 for each group.'® Reductions
in the VAS scores of the BTX-A and the placebo groups at 4 and
8 weeks after the injection were assessed using Student ¢ test or
Wilcoxon rank sum test. The changes in the scores on the Korean
version of the SF-MPQ and the Korean version of the
WHOQOL-BREF between the BTX-A and the placebo groups
were evaluated using Student # test or Wilcoxon rank sum test,
depending on the normality of the data. The proportion of
responders who reported pain relief of at least 50%, 30%, and
20% were assessed using Pearson chi-square test or Fisher exact
test. We assessed all patients who received BTX-A injections
(intention to treat population). Missing data were analyzed by the
last observation carried forward method. A p value < 0.05 was
considered statistically significant.

This study was registered with ClinicalTrial.gov, number

NCT01579500.
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Results

We screened 49 patients (Fig 2), and 40 subjects who ful-
filled the inclusion criteria were randomly assigned to the
BTX-A or placebo groups. The demographic variables,
pain characteristics, and analgesic treatments did not differ
between the two groups (Table 1 and Supplementary
Table 1). Four patients withdrew from the study (2 from
the BTX-A group and 2 from the placebo group) before
reaching the 8-week follow-up without any given reason
(see Fig 2).

Primary Outcome Measures

The reductions in the VAS score of the BTX-A group
were 18.6 = 16.8 at 4 weeks and 21.3 = 26.8 at 8 weeks
after the injection. The reductions in the VAS score of
the placebo group were 2.6 =14.6 at 4 weeks and
0.3 £19.5 at 8 weceks after the injection (Fig 3A). Com-
pared with the placebo group, the BTX-A group showed
significant reductions of the VAS score at 4 (p = 0.0027)
and 8 weeks (p =0.0053) after the injection. The VAS
score of the BTX-A group was 85.1 £13.6 at baseline,
66.5£20.7 (p<0.0001) at 4 weeks, and 63.8 £27.5
(p =0.0012) at 8 weeks after the injection (see Fig 3B).

Secondary Outcome Measures

At 4 and 8 weeks after the injection, 10% and 20%,
respectively, reported pain relief of 50% or greater in the
BTX-A group, whereas the proportions were 5% and
10%, respectively, in the placebo group. Thirty percent
of the patients reported pain relief of 30% or greater at
both 4 and 8 weeks in the BTX-A group, whereas the
proportions were 5% and 10%, respectively, in the pla-
cebo group. Fifty-five percent and 45% of the patients
reported pain relief of 20% or greater at 4 and 8 weeks,
respectively, after the injection in the BTX-A group,
whereas the proportions were 15% and 10%, respec-
tively, in the placebo group (see Fig 3C).

Table 2 shows sensory, affective, and total scores on
the Korean version of the SF-MPQ. Compared with the
placebo group, there were significant reductions in the sen-
sory (5.1%£7.9, p=0.0033), affective (1.0*2.5, p=
0.0131), and total scores (6.1 9.2, p =0.0008) on the
Korean version of the SF-MPQ in the BTX-A group at 4
weeks after the injection. In addition, there were significant
reductions in the affective (0.5 = 1.7, p=0.0086) and
total scores (3.6 = 8.4, p = 0.0197) on the Korean version
of the SFE-MPQ in the BTX-A group at 8 weeks after the
injection.

Quality of life was assessed by the Korean version
of the WHOQOL-BREE The changes in the scores for
the physical health, psychological, social relationships,
and environmental domains of the Korean version of the
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Demographic and Clinical Characteristics

Age, mean = SD (minimum-maximum)
Male sex, No. [%]
Pain duration, mo, mean = SD (minimum-maximum)

Mean duration of spinal cord injury, yr,
mean * SD (minimum—maximum)

VAS baseline, mean = SD
Etology of spinal cord injury, No.
Traumatic
Transverse myelitis
AVM rupture
ASIA impairment scale, No.
A
B
C
D
Type of paralysis, No.
Tetraplegia
Paraplegia
Type of pain, No.
At-level pain
Below-level pain

Both

SD = standard deviation; VAS = visual analog scale.

TABLE 1. Baseline Demographic and Clinical Characteristics of the Patients (Intention-to-Treat Analysis)

ASIA = American Spinal Injury Association; AVM = arteriovenous malformation; BTX-A = botulinum toxin type A;

BTX-A, n =20 Placebo, n = 20

53.1 9.1 (34-71)
15 [75]

46.0 £ 49.1 (3-151)
4.3 +5.2 (1-20)

48.9 + 14.2 (24-77)
14 [70]

50.2 = 46.1 (12-192)
4.7 +5.0 (1-20)

85.1 £13.6 77.1£13.3
16 18
3 1
1 1
9 6
2 5
4 6
5 3
14 12
6 8
5 4
15 14
0 2

WHOQOL-BREF questionnaire were compared between
the two groups at 4 and 8 weeks after the injection.
There were no significant differences or improvements
found in these domains during the period of this study
(see Table 2). However, improvements in the score for
the physical health domain in the BTX-A group at 4
weeks after the injection (5.0 % 9.4, p = 0.0521) showed
a marginal trend toward significance.

Only 2 of 8 patients with complete SCI (ASIA
impairment scale A) showed 20% or greater pain relief at
4 weeks after the BTX-A injection (Supplementary Table
2). However, 9 of 11 patients with incomplete SCI
(ASIA impairment scale B-D) showed 20% or greater
pain relief at 4 weeks after the BTX-A injection. The
mean VAS score decreased by 27.7 in 11 patients with
incomplete SCI compared with 7.6 in 8 patients with
complete SCI at 4 weeks after the BTX-A injection.

572

In this study, there were 9 patients with at-level
neuropathic pain, with 5 in the BTX-A group and 4 in
the placebo group. Despite the small number included,
the VAS scores were 85.6* 13.5, 80.6*12.8, and
81.2 = 16.2 at baseline, week 4, and week 8, respectively,
in the BTX-A group, and analysis showed no statistically
significant improvement in pain. The placebo group also
showed similar results, with no statistically significant
improvement between baseline (77.0 = 15.9), 4-week
(80.0 =11.5), and 8-week (79.7 =10.6) VAS scores.
There were 29 patients with below-level neuropathic
pain and among the 29, 15 were in the BTX-A group
and 14 in the placebo group. In the placebo group, the
VAS score was 77.2 = 12.8 at baseline, 72.1 £17.4 at
week 4, and 75.6 = 23.7 at week 8, showing no statisti-
cal differences before and after the injections. However,

the results for below-level neuropathic pain showed

Volume 79, No. 4
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FIGURE 3: (A) Changes in the visual analogue scale (VAS)
scores in the botulinum toxin type A (BTX-A) and the pla-
cebo groups at 4 and 8 weeks after the injection. (B) The
VAS scores in the BTX-A and placebo groups at baseline
and 4 and 8 weeks after the injection. (C) Proportions of
responders who reported pain relief of 20%, 30%, and 50%
or greater in response to BTX-A injections. ®p value is based
on Student t test. ®p value is based on Wilcoxon rank sum
test. “p values are based on Pearson chi-square test. “p val-
ues are based on Fisher exact test.

> 50% pain relief ¢

statistically significant improvements in VAS scores after
injection with BTX-A. In the BTX-A group, VAS score
was 85.0 = 14.2 at baseline, 61.8 £21.0 at week 4, and
58.0 £28.4 at week 8, showing a significant reduction
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in pain (p<0.0001 and p=0.0009, respectively) after
BTX-A injection and also showing significant improve-
ments compared to the placebo group (p =0.0049 and
p=0.0042, respectively; see Table 2). In the BTX-A
group, among the 5 with at-level neuropathic pain, only
1 showed >20% pain relief at week 4 and week 8,
whereas of the 15 with below-level pain, 10 at week 4
and 8 at week 8 showed >20% pain relief (Table 3).
Due to the small number of total subjects, these results
were not statistically significant (p =0.1273); however,
the ratio of >20% pain relief was much higher in below-
level neuropathic pain.

Adverse Events

No allergic reactions occurred in either group. Some
patients reported that the injections were painful or trig-
gered spasticity, without any difference between the
BTX-A (mild pain, 3; moderate pain, 2; severe pain, 0;
spasticity, 3) and placebo (mild pain, 4; moderate pain,
2; severe pain, 0; spasticity, 4) groups. No other local or
systemic side effects were reported during the injections
or at any other time during the study.

Discussion

This study aimed to investigate the potential analgesic
effects of subcutaneous BTX-A in the treatment of SCI-
associated neuropathic pain using a randomized, double-
blind, placebo-controlled design. BTX-A significantly
improved the pain intensity according to VAS scores at 4
and 8 weeks after the injection. In addition, we observed
that approximately 50% of patients with severe SCI-
associated neuropathic pain showed 20% or greater pain
relief for at least 8 weeks after the BTX-A injection. Our
data suggest a new potential therapeutic indication for
BTX-A.

Pain in SCI patients can arise in relation to spastic-
ity. Therefore, to minimize the possibility of confounding
the effects of BTX-A treatment, we excluded patients
with musculoskeletal (nociceptive) and visceral pain in
the area of injection. In addition, BTX injection was
performed in a wide area that covered many muscles
with injection routes being subcutaneous, making it hard
to assume that the injections influenced spasticity. In
regard to spasticity, the spasticity grades using the Ash-
worth scale for the muscle groups related to the injected
area were 1.00 = 1.17 at baseline, 0.85 = 1.09 at week 4,
and 0.90 = 1.17 at week 8 in the placebo group and
0.70 £0.98 at baseline, 0.65*0.93 at week 4, and
0.70 £0.98 at week 8 in the BTX group, showing no
statistically significant changes before and after BTX
injection.
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TABLE 3. Degrees of Pain Relief and Neurological Completeness or Types of Pain

Number of Patients

after the BTX-A injection

*p values are based on Fisher exact test.

AIS A AIS B~D
Pain relief of >20% at 4 weeks 2 9
after the BTX-A injection
Pain relief of <20% at 4 weeks 7 2
after the BTX-A injection
Pain relief of >20% at 8 weeks 1 8
after the BTX-A injection
Pain relief of < 20% at 8 weeks 8 3

Data are presented for intention-to-treat patients (last observation carried forward analysis).

AIS = American Spinal Injury Association Impairment Scale; BTX-A = botulinum toxin type A.

p Number of Patients P
At-Level Below-Level
Pain Pain

0.0216* 1 10 0.1273*
4 5

0.0098* 1 8 0.3189*
4 7

In this study, the baseline pain intensity according to
the VAS score was approximately 80 (85.1 in the BTX-A
group and 77.1 in the placebo group), indicating that the
pain was very severe and intractable, although the patients
had received maximal analgesics to control neuropathic pain.
Generally, a 20% change in pain intensity was associated
with individuals reporting that they were at least slightly bet-
ter, and this change can be interpreted as the minimal clini-
cally important difference.”> However, we propose that a
20% change in pain intensity has a more important clinical
significance, considering the limited effectiveness of treat-
ments for chronic intractable pain. The reduction in pain
intensity was only approximately 20 according to the VAS
score, but this reduction might produce improvements in
physical health measures of quality of life and thus implies
an additive meaning to mere pain reduction.

Roux et al reported that the preservation of thermal
sensibility at baseline was correlated with the analgesic
effects of BTX-A in patients with chronic neuropathic
pain.” Similarly, in our study, the preservation of some
motor or sensory function below the neurological level of
injury was associated with better outcomes in patients
with SCl-associated neuropathic pain at 4 and 8 weeks
after the injection (p =0.0216 and p =0.0098, respec-
tively; see Table 3). Subcutaneous BTX-A injections may
be more effective in patients with incomplete SCI than
in those with complete SCI.

Neuropathic pain can be categorized as at-level neu-
ropathic pain and below-level neuropathic pain according
to pain pathology. At-level neuropathic pain manifests in
a segmental pattern and includes pain occurring in the
dermatome at the associated level of neurologic injury or
within 3 dermatomes below this level. Furthermore, at-

level neuropathic pain is often perceived as burning, elec-
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tric, or shooting with accompanying sensory changes of
allodynia or hyperalgesia.”® At-level neuropathic pain
occurs most frequently in association with nerve root
compression but can also occur after syringomyelia, spi-
nal cord trauma/ischemia, and dual level cord and root
trauma.”* Below-level neuropathic pain occurs >3 der-
matomes below the neurological level of injury, and typi-
cal characteristics are burning, electric, or shooting
qualities with diffuse regional distribution. Allodynia and
hyperalgesia are also common sensory features for below-
level neuropathic pain. Below-level neuropathic pain is
commonly associated with spinal cord trauma and ische-
mia.** In this study, BTX-A injection was effective in
SCI patients with below-level neuropathic pain and inef-
fective in those with at-level neuropathic pain. This is
thought to be due to the pathological differences under-
lying the two pain types.

BTX-A is generally administered intramuscularly to
treat spasticity or dystonia. However, recent studies have
reported that BTX-A for the treatment of neuropathic
pain can be administered subcutaneously or intrader-
mally.”'"*>?¢ The effects on pain may be mediated
through direct effects on the sensory system.'® Therefore,
the optimal route of administration of BTX-A for treat-
ing neuropathic pain could be different from that for the
treatment of spasticity or dystonia. In a previous case
report of BTX for neuropathic pain in patients with spi-
nal cord lesions, BTX-A was administered subcutane-
ously; a subcutaneous route was chosen for this study.'”
In most studies, the fractioned dosage of BTX-A for the
treatment of neuropathic pain was between 2.5 and
7.5U/cm* per painful surface area, and the maximum
total dosage was between 100 and 200U.”"'"*>"* In the
present study, the painful surface area in patients with
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SCI was generally larger than that in patients with focal
neuropathy such as postherpetic neuralgia and post-
traumatic neuropathy. Therefore, the dose of BTX-A was
fixed at 200U and the injection area was adjusted so that
the maximal injection area was <20% of the total body
surface. Despite the larger area of injection, significant
improvement of pain was observed in this study, which
implies that subcutaneous BTX-A injection may be used
for patients with larger areas of neuropathic pain.
Recently, the role of BTX-A for the treatment of
painful neuropathic conditions has been emphasized. Ini-
dally, the analgesic effects of BTX-A were attributed to a
reduction in muscle spasms. However, many preclinical
and clinical studies have suggested that BTX-A reduces
pain due to mechanisms distinct from muscle spasm
inhibition. The proposed mechanisms of the analgesic
effect include inhibition of triggered release of neuropep-
tides, which modulate inflammation and pain.'® BTX-A
may reduce the peripheral release of glutamate, substance
P, and calcitonin gene-related peptides, which are
involved in neurogenic inflammation and central sensiti-
zation.'>'??® In addition, BTX-A may prevent SNARE
protein-mediated translocation of receptors, such as the
N-methyl-D-aspartate (NMDA) receptor and transient
receptor potential vanilloid 1, into the plasma membrane
in peripheral nociceptor terminals.””*” Some evidence of
the central mechanisms of the antinociceptive activity of
BTX-A has been shown. Although the evidence is lim-
ited, axonal transport of BTX-A from the periphery to
the central nervous system has been demonstrated.'”'~
In a recent study by Marinelli et al, BTX-A was subcuta-
neously injected into the plantar surface of the hind paw
of a sciatic nerve injury mouse model. Immunofluores-
cence analysis resulted in detection of cleaved SNAP-25,
which implies BTX activity, in nerve endings of the hind
paw, sciatic nerve, dorsal root ganglion, and spinal
cord.*® Such results demonstrated not merely evidence of
retrograde transport of BTX-A, but also a reduction in
sciatic nerve injury-related neuropathic pain after subcu-
taneous injection of BTX-A into the hind paw. Further
animal studies of trigeminal neuropathy, diabetic neurop-
athy, carrageenan-induced hyperalgesia, paclitaxel-induced
peripheral neuropathy, and so forth have shown bilateral
pain amelioration after either unilateral peripheral or
intrathecal injection of BTX-A. These results of neuro-
pathic pain improvement provide evidence of central
nervous system involvement in the mechanism of pain
reduction by BTX-A in neuropathic pain.**>® The
underlying mechanisms of neuropathic pain following
SCI have remained elusive, but neuronal hyperexcitability
is a leading explanation. Reorganization of the nervous
system and functional changes in receptors (such as
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NMDA and glutamate receptors) and ion channels (such
as sodium and calcium channels) may underlie central
sensitization after SCL’’ Furthermore, neuropeptides
such as glutamate and substance P play central roles in
the peripheral sensitization of nociception.***! There-
fore, mechanisms of pain relief by subcutaneous BTX-A
injection in patients with SCI may occur through the
inhibition of neuropeptides such as glutamate, substance
D, and calcitonin gene-related peptide in the periphery as
well as through aforementioned central effects on the
spinal cord. Because SNAP-25 is a negative regulator of
calcium channels, BTX-A may reduce calcium-mediated
neurotransmitter release and decrease neuropathic pain.*?

In this study, the mean VAS scores in the placebo
group were 77.1 £ 14.0 at baseline, 74.5 = 16.0 at week
4, and 76.8 +20.4 at week 8, and thus no placebo-
related analgesic effect was evident. Previous studies on
placebo analgesia research mostly included healthy volun-
teers who were exposed to experimental pain stimuli or
patients with acute postoperative patin.4346 Some studies
have focused on chronic pain, but the studies mostly
involved irritable bowel syndrome patients, and placebo
effects in studies regarding chronic neuropathic pain due
to nerve lesions have been rare.*’>° Furthermore, in a
previous study by Ranoux et al, where BTX-A showed
analgesic effects on chronic neuropathic pain, VAS scores
for the placebo group were 60.0 = 18.9 at baseline,
54.0 = 22.0 at week 4, and 56.4 * 26.4 at week 12.” In
a similar study by Yuan et al, showing effects of BTX-A
on diabetic neuropathic pain, decreases in VAS scores for
the placebo group were —0.11 = 2.04, 0.42 * 1.62, and
0.53 £1.57 at week 4, week 6, and week 8, respec-
tively.'” Both studies showed minimal placebo effects,
nor were the differences statistically significant. The pla-
cebo effects in healthy volunteers and acute pain patients
are thought to be associated with endogenous pain-
modulating systems, where the effects originate in the
cortical structure and project to the periaqueductal gray,
rostral ventromedial medulla, and finally spinal cord.
However, the mechanisms differ in patients with neuro-
pathic pain, where pain is thought to be due to defects
in pain processing and pain modulation.*>*=>* There-
fore, mechanisms related to placebo effects in those with
neuropathic pain may be different from other pain mod-
els. In a recent study looking into placebo effects in
peripheral nerve injury-induced chronic neuropathic
pain, there were placebo effects regarding hyperalgesia
but none for spontaneous or evoked pain.’® Considering
that the mechanisms of neuropathic pain in SCI differ
from those caused by peripheral nerve injury, the placebo
effects may also be different between SCl-induced neuro-
pathic pain and pain caused by injury to the peripheral
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nerve.”>>* The subjects enrolled in this study had mod-
erate to severe neuropathic pain, with VAS scores > 40
and durations >3 months. Furthermore, these patients
were refractory to conventional medications that included
opioid analgesics, tricyclic antidepressants, antiepileptic
agents, and benzodiazepines. Thus, it is possible that pla-
cebo effects may not have occurred due to these clinical
characteristics as well as due to differing etiological
mechanisms of neuropathic pain from previous studies
investigating placebo effects in pain.

This is a proof of concept clinical study and is the
first of its kind to investigate the effect of BTX-A in SCI
neuropathic pain. However, this study has limitations in
that investigations of the effect of BTX-A were per-
formed only twice, at week 4 and week 8 after injection,
and the duration of the study was relatively short in
comparison to other neuropathic pain-related BTX-A
studies. This study was performed on chronic SCI
patients with severely limited mobility due to their paral-
ysis, and considering these social and clinical aspects, we
tried to minimize revisitations to the clinic and shorten
study duration as a whole. Therefore, it was difficult to
determine the exact onset and duration of the effects of
BTX-A in patients with SCl-associated neuropathic pain.
Previous reports on BTX-A injections for neuropathic
pain have indicated that the onset of relief and duration
of effectiveness were approximately 1 to 2 weeks and 3
to 6 months, respectively.”'"* Our study showed that
the effective duration was at least 8 weeks. Further com-
prehensive trials are required to determine the onset of
relief and duration of effectiveness. Furthermore, because
the magnitude of responses was small, supplementary
scales such as the Patient Global Impression of Scale
could have been helpful in this study.

We conclude that subcutaneous BTX-A injections
are an effective and safe method of reducing severe neu-
ropathic pain in patients with SCI. Our data show that
subcutaneous BTX-A injections might be considered as a
treatment regimen for intractable neuropathic pain in
patients with SCI. Further studies should be performed
to evaluate the underlying mechanisms, onset time, dura-
tion, optimal dosage, and optimal route of administra-
tion for BTX-A therapy for the treatment of neuropathic
pain in patients with SCIL.
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