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The application and therapeutic effect of botulinum
toxin type a (BTX-A) in the treatment of patients with
pain after cancer treatment: a systematic review

and meta-analysis

Shuzhai Li, MB?, Shixuan Peng, MB®, Fuchun Chen, MD®, Bin Zeng, MD?, Zhen Zhang, MD?,
Zhiming Zhang, MD PhD**

ISystematic review and/or Meta-analysis

Background: Botulinum toxin type A (BTX-A) is a potential treatment for cancer pain. This study aimed to analyze the eﬁeotiven@
and safety of BTX-A in the treatment of pain after cancer treatment.

Patients and Methods: Systematic searches of PubMed, Cochrane Library, and Embase databases were conducted.
Randomized controlled trials evaluating the efficacy and safety of BTX-A compared with either placebo or active treatment in patients
with pain after cancer treatment were included. The outcomes included pain intensity, quality of life, and adverse events.

Results: This systematic review included four studies of which two were included in the meta-analysis. Compared with a placebo,
BTX-A injection in patients with pain after cancer treatment had a clinically meaningful reduction in self-reported pain post-treatment
[mean difference= —1.79 (95% CI: —2.14——1.43), P <0.00001, 2=0%].

Conclusion: This systematic review and meta-analysis demonstrated that BTX-A is safe and effective for pain relief in patients with
pain after cancer treatment.
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Introduction

Cancer patients commonly experience pain. Cancer pain or
cancer-related pain can be considered an unpleasant sensory and
emotional experience associated with actual or potential tissue
damage, which can be caused by tumor growth and related
pathophysiological/pathological processes, invasive procedures,
treatment toxicities, infection, and physical limitations!'!. The
underlying mechanisms of cancer pain are complex and involve
both nociceptive and neuropathic processes?!. Nociceptive
pain arises from nociceptor stimulation prompted by actual or
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HIGHLIGHTS

e This study presented a quantitative and qualitative analysis
of the use of botulinum toxin type A (BTX-A) in patients
with pain after cancer treatment.

e This is the first meta-analysis that evaluated the application
and therapeutic effect of BTX-A in the treatment of
patients with pain after cancer treatment.

e Our study proved that BTX-A had a favorable effect and
was safe to use in the treatment of patients with pain after
cancer treatment.

threatened damage to non-neural tissues and can be further
categorized as somatic or visceral based on the level of structures
involved®!. Pain stemming from an injury or damage to the
somatosensory nervous system is classified as neuropathic pain™.
Furthermore, cancer pain frequently involves mixed pathophy-
siology, with both nociceptive and neuropathic components. For
instance, a primary nociceptive pain state may in time prompt
secondary lesions in the somatosensory nervous system, resulting
in the pain acquiring a partial neuropathic nature as well®!.
Inflammation plays a key role in driving both nociceptive and
neuropathic cancer pain through the release of inflammatory
mediators like cytokines, chemokines, growth factors, and pro-
tons in the tumor microenvironment'>!. Cancer treatment is one
of the important causes of cancer pain. According to estimates,
discomfort is present at or close to the local radiation or surgery
site for cancer in ~25% of patients!”*®!. Because of fibrosis, scar-
ring, and keloid development, List and Bilir observed postradia-
tion pain in 15-30% of patients with head and neck cancer!..
After radiation and surgery, moderate-to-severe local pain may
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require strong opioid-based systemic analgesics, which, while
helpful, frequently have negative side effects and have the
potential for significant abuse!%!11,

Botulinum toxin is a drug produced by the gram-positive
anaerobic bacterium, Clostridium botulinum. Botulinum toxin
(BTX or BoNT) was initially discovered by Justinus Kerner,
a German physician, and poet?!, It is classified into seven neu-
rotoxins(A-G)!"3!, By preventing the release of acetylcholine from
the presynaptic terminal, BTX disables the activity of the glands
and muscles”*'%!, Neurotransmitter release is inhibited when
the light chain of Botulinum toxin type A (BTX-A) cleaves
the intracellular protein known as SNAP-25 (synaptosome-
associated protein with a molecular weight of 25 kDa)"®!. The
anticholinergic activity of BTX type A at the neuromuscular
junction makes it a broad-spectrum medication. Therapy for
involuntary muscle spasms such as spasmodic torticollis, ble-
pharospasm, cervical dystonia, and spasmodic dysphonia makes
substantial use of BTX-A"7!, A crucial neurotransmitter in the
peripheral parasympathetic nervous system is acetylcholine.
Thus, BTX-A, which can control parasympathetic activation, is
used to treat epiphora, sialadenitis, hyperhidrosis, and Frey
syndrome!®!,

In recent years, the use of BTX-A as an antinociceptive agent
for cancer pain has been explored. Although the analgesic
mechanism of BTX-A has not been fully elucidated, there is evi-
dence that botulinum toxin can inhibit the secretion of pain
mediators (substance P, glutamate, and calcitonin gene-related
protein) in nerve endings and dorsal root ganglia, directly
affecting the anterolateral and trigeminal thalamic systems of
pain transmission!'*~*, GlyT2 was recently found to contribute
to the antineoplastic effect of BONT (BTX-A) in CCl-induced
neuropathic pain?®!, In the study by Daele et al.”*®], they reported
for the first time the application of BTX-A in patients with pain
after cancer treatment. The application of BONT (BTX-A) seems
to be more effective, with relatively lower side effects, and a lower
risk of drug interactions!*”), However, it has been reported that
low concentration of BTX-A seems to be an effective treatment
option for chronic neuropathic pain in the neck and shoulder
after neck dissection compared with high concentration of BTX-
AP81. S0 how to ensure the safe use and effective analgesic or
therapeutic effect of BTX-A is the current hot-point problem in
the application of BTX-A in cancer pain treatment. Currently,
there is a lack of evidence supporting the effectiveness of BTX-A
in patients with pain following cancer therapy. This systematic
review and meta-analysis aimed to evaluate the effectiveness and
safety of BTX-A in the treatment of pain after cancer treatment.
BTX-A was compared to a placebo or an active medication in
randomized controlled studies to determine its effectiveness and
safety in treating patients with pain after cancer treatment. The
outcomes included pain intensity, quality of life, and adverse
events.

Material and methods

The study protocol was registered with the Prospective Register
of Systematic Reviews (PROSPERO). This systematic review was
conducted according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
(Supplemental Digital Content 4, http://links.lww.com/JS9/B342)
(Supplemental Digital Content 3, http://links.lww.com/JS9/B343)
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and AMSTAR (Assessing the methodological quality of sys-
tematic reviews) Guidelines (Supplemental Digital Content 6,
http:/links.lww.com/]S9/B344)2*3% This study differed from
the protocol in several key aspects. First, because we finally
included studies in which patients with pain caused by cancer
treatment were treated with BTX-A, we changed the title to * The
Application and therapeutic effect of botulinum toxin type A
(BTX-A) in the Treatment of Patients with pain after cancer
treatment: A systematic review and Meta-analysis’. Second, the
intervention was specified as BTX-A rather than the broader
‘application of botulinum toxin’. The comparator was narrowed
to placebo or other active therapy, rather than no botulinum
toxin. Third, the primary outcome was modified to pain intensity,
and the secondary outcomes were changed to quality of life and
adverse events based on the extracted literature data. Fourthly,
the strategy for data synthesis relied solely on Review Manager
5.3 as its functions were sufficient for our needs, unlike the ori-
ginal protocol. Finally, we chose the funnel plot to assess
reporting bias rather than egger’s test because of the small
number of included studies.

Eligibility criteria

The inclusion criteria for studies were as follows: (1) patients had
pain after cancer treatment, (2) the intervention administered was
BTX-A, (3) the comparator was either placebo or another active
therapy, (4) outcomes included pain intensity, quality of life, and
adverse effects, and (5) the study design was a randomized con-
trolled trial. The exclusion criteria were as follows: (1) duplicate
records, (2) nonhuman studies, (3) nonoriginal studies (letters,
reviews, and editorials), (4) no relevance to the study, and (5) no
access to data Figure 1.

Data collection and retrieval strategies

We conducted systematic electronic searches for RCTs, regard-
less of publication status or year of publication. The most recent
search was performed on 14 May 2023. The following databases
were used to search for relevant studies: PubMed, Embase, and
the Cochrane Library. Medical Subject Headings (MeSH) or
the keywords ‘Cancer pain’, ‘Cancer-Associated Pain’, and
‘Oncological Pain” were used to search the literature without
language restrictions. The specific search strategy is shown in the
Supplementary Item 1 (Supplemental Digital Content 1, http://
links.lww.com/JS9/B339).

Selection process and data extraction

Following strict respect to previously established inclusion and
exclusion criteria, two reviewers independently evaluated all
retrieved literature. The first step was to conduct an initial
screening by going overall the retrieved studies’ titles and
abstracts. After eliminating studies that were duplicates or did not
meet the inclusion criteria, the remaining studies were reviewed,
and all possibly suitable studies were found by reading the
complete text.

With a predesigned table, two authors independently per-
formed data extraction. Any disagreements were resolved by a
senior researcher. Demographic and outcome data were also
extracted. The demographics of the included studies included the
study period, region, duration of pain, follow-up period, sample
size, mean age, sex, control arm (placebo and/or active

1216


http://links.lww.com/JS9/B342
http://links.lww.com/JS9/B343
http://links.lww.com/JS9/B344
http://links.lww.com/JS9/B339
http://links.lww.com/JS9/B339

Li et al. International Journal of Surgery (2024)

{ Identification of lies via d. and regist J
Records removed before
I3 screening:
2 Duplicate records removed
E-; Records identified from PubMed, n=1)
= Embase, and Cochrane Library: > % d ket asinaliaii
= Databases (n = 37) ecords marked as ineligible
5 by automation tools (n = 0)
2 Records removed for other
reasons (n = 0)
Records excluded by :
Records screened | — | nen-human studies (n=0)
(n=236) non-original studies (n =5)
i no relevance to the study (n =21)
Reports sought for retrieval
o (n 510) o | No access to data (n = 6)
c
S
3
: }
O
7]
Reports assessed for eligibility
(n=4) —"| Reports excluded:
Reason 1 (n =0)
Reason 2 (n =0)
Reason 3 (n =0)
etc.
)
P 4
e Studies included in review
S| | (=4
° Reports of included studies
El | (n=9

Figure 1. Flow diagram of study selection for the systematic review and meta-
analysis.

treatment), and outcome measures. The primary outcome was
pain intensity. The secondary outcomes were quality of life and
adverse events. The baseline value, final value, and change score
of each outcome were extracted. When a change score could not
be extracted, the final value was used for data analysis.

Data synthesis and statistical analysis

All statistical assessments were conducted using Review
Manager (RevMan) version 5.3 (Cochrane Collaboration).
SD, 95% CI, and mean difference (MD) or standardized mean
difference (SMD) were used to represent continuous data. The
standard error, median, range, or 95% CI were imputed if the
SD was not supplied. Based on the method described by Wan
et al.BY, the medians and interquartile ranges of continuous
data were converted to means and SDs. A heterogeneity (I?)
statistic was used to evaluate the differences in treatment
effects among studies. An I? of <40%, 40-60%, and >60%

represented low, moderate, and substantial heterogeneity,
respectively. When the heterogeneity was low, a fixed-effects
model was used. If the heterogeneity was significant, a ran-
dom-effects model was applied for a more conservative esti-
mation of the differences. Sensitivity analysis was performed
using Review Manager (RevMan) version 5.3 (Cochrane
Collaboration). Subgroup analysis was performed according
to the muscle subgroups at different sites. The funnel plot was
used to assess reporting bias. We applied the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) system to assess the certainty of the outcomes.

Risk of bias in individual studies

The Cochrane Handbook for Systematic Reviews of
Interventions was used to analyze the risk of bias in determining
the quality of the included studies. Two reviewers independently
analyzed each study. The risk of bias in each study was evaluated
across five bias domains: selection bias, performance bias,
detection bias, attrition bias, and reporting bias. Each domain
was assigned one of the three risk levels: low, high, or unclear. If
the reported procedures satisfied the standards for low or high
risk of bias in that domain, it was assessed whether they were at
low or high risk of bias. The choice of unclear risk of bias was
made when there was either a dearth of information or doubt
regarding the likelihood of bias®?!.

Results

Study selection

The electronic and manual systematic searches identified 37
articles. One study was excluded because of duplication before
screening. After screening titles and abstracts, 26 articles were
excluded. Ten articles were retrieved, of which six were excluded
because data could not be obtained. The full texts of four articles
were reviewed for eligibility!?®*373%], Two studies were included
in the qualitative analysis*®*%. Consequently, data from two
studies were included in the meta-analysis'>***l. A flowchart of
the study retrieval and selection is illustrated in Figure 1.

Study characteristics

The characteristics of the included studies are shown in Tables 1
and 2. Table 1 described the study period, region, duration of
pain, follow-up, basic information of patients (number, mean
age, and sex), and the situation of the intervention group and the
control group. Table 2 recorded the pain intensity, quality of life,

Characteristics of the included studies.

Study Follow-up Active control
period Region Duration of pain (d) Patients (1) Mean age (y) Male (n) Intervention (n) Placebo (n) (n)
Groef et al®¥ 2018 2017 Belgium at least 3 months 180 50 55+10  NR?® BTX-AP 25 Saline 25
Groef et al®¥ 2020 2017 Belgium  at least 3 months 180 50 55+10 AR BTX-A 25 Saline 25
Li et al®®. 2019 2019 China  NR 30 120 51+6.5 66  BTX-A60 NR
Wittekindt et al?® 2006 Germany at least 12 months 28 23 60.4+11.4 21 BTX-A13 NR BTX-A 10

2006

NR, not reported.
PBTX-A, botulinum toxin type A.
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Characteristics of the included studies.

Baseline of pain intensity Pain intensity Baseline of quality of life Quality of life
Outcome
measures Study group Control group Study group Control group Study group Control group Study group Control group Adverse events
Groef et al®® VAS @ SF-36  The UL ‘region 64 The UL region 64 The UL region 9 The UL region Physical functioning Physical functioning Physical functioning Physical functioning No adverse events
2018 ®0-100 +22 the +19 the + 27 the 55+ 28 the 62.2 +17.6 mental 43.6 +20.9 mental  68.2 +23.4 mental 49.0 +19.2 mental after the
pectoral region: ~ pectoral region:  pectoral region pectoral region: functioning functioning: functioning 69.4 functioning 70.4 infiltrations
56 +23 58 +21 24 +31 38 £35 70.7£17.3 64.3+18.7 +16.5 +18.7 occurred
Groef et al®? NR NR NR NR NR NR NR NR NR No adverse events
2020 after the
infiltrations
occurred
Lietal®  NRS® 46+1.1 42409 20+08 38+12 AR NR NR NR No adverse events
2019 after the
infiltrations
occurred
Wittekindt VAS EORTC- 43+1.0 42+15 30+19 43+33 546+15.4 56.3+19.2 59.4+20.9 57.3+285 Serious side effects
et al?®! QLQ-C-301 were not
2006 encountered

AVAS, visual analog scale.

°SF-36, short form-36.

UL, upper limb.

NR, not reported.

°NRS, numerical rating scale.

'EORTC-QLQ-C-30, European Organization for Research and Treatment of Cancer Quality of Life Core Questionnaire.
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Figure 2. Risk of bias summary: review authors’ judgments about each risk of
bias item for each included study.

and adverse effects of the patients included in the four articles. All
four articles were randomized controlled trials (RCTS) published
between 2006 and 2019 and included patients with pain duration
of at least 3 months?®33351, The intervention in each literature
was BTX-A, but the control group was different. Unlike other
studies, Groef et al.!>3** recorded pain intensity at both sites, and
quality of life recorded both aspects of physical functioning and
mental functioning.

Two articles were expressions of the primary and secondary
outcomes of the same study, respectively, and the article expres-
sing the primary outcome was included in the meta-analysis>®
341 In the studies included in the meta-analysis, the reported
primary outcome measure was a Visual Analog Scale (VAS) on a
scale of 0-100 in one study"*), and a Numerical Rating Scale

Random sequence generation (selection bias) —:I

Allocation concealment (selection bias) _:I

Blinding of participants and personnel (performance bias) _:I
Blinding of outcome assessment (detection bias) —:I
Incomplete outcome data (attrition bias) _

Selective reportng (reportng bis<) [

overvio [N I

0% 25% 50% 75% 100%

. Low risk of bias D Unclear risk of bias . High risk of bias

Figure 3. Risk of bias summary: review authors’ judgments about each risk of
bias item for each included study.

(NRS) on a scale of 0-10 in one study'**!. VAS and NRS were
standardized during data consolidation. One article was included
in the qualitative analysis because it was a dose study without a
control group and the unit could not be compared with the other
two studies®®. In the study of Li et al.%!] pain intensity was
measured after postoperative wakefulness and after 3 days of
infusion. In the study by Groef et al.®3l pain intensity was
measured before injection and at 3 and 6 months after injection.

Intervention

In the study by Groef et al.l*3, patients in the intervention group
received intramuscular BTX-A (Allergan) infiltration in the pec-
toralis major muscle on the operated side. Patients in the control
group received an intramuscular injection of 50 ml saline (Mini-
Plasco 20 ml B. Braun NaCl 0.9%). In the study by Li ez al.*%], the
intervention group was treated with BTX-A (Lanzhou Institute of
Biological Products) based on the control group 24 h after the
operation. In a study by Wittekindt ez al.*®!, patients received
BTX-A Dysport formulation (Ipsen, Pharma). BTX-A was
reconstituted in saline to a concentration of 10 mouse units (MU)/
0.1 ml saline (low-dose group) or 20 MU/0.1 ml saline (high-dose

group).

Risk of bias in studies

The quality of the articles was evaluated using the Cochrane
Collaboration tool to assess the risk of bias. Groef et al.!*3! and
Groef et al.®* had low-risk bias. Li et al.*! did not clearly state
that allocation concealment and blinding were subject to unclear
selection, performance, and detection biases, and there was
insufficient information to determine the existence of other bia-
ses. Wittekindt ez al.”*®! had an unclear risk of bias because it did
not specify the method of randomization and allocation con-
cealment, and it had a high risk of other bias because it enrolled
only 23 patients. Figure 2 summarizes the assessment of the risk
of bias for each included study.

Unclear risks of bias in random sequence generation, alloca-
tion concealment, blinding of participants and personnel, blind-
ing of outcome assessment, and other biases were found in 25, 50,
25,25, and 25% of the included RCTs, respectively. Twenty-five
percent had a high risk of bias for other biases (Fig. 3).

Results of individual studies

A study by Groef et al.*3! demonstrated the benefit of a single
Botulinum Toxin A infiltration combined with an individual
physical therapy program at the upper limb in breast cancer
survivors for up to 6 months. There were no differences between
the groups in terms of changes in pain intensity from baseline up
to 1 and 3 months (primary analysis). Between the groups, there
was a substantially distinct change in upper limb pain intensity
from baseline to 6 months in favor of the intervention group
(P=0.040). The mean difference in change was 16 points on the
VAS (0-100) (95% CI:1-31). For pain intensity in the pectoral
region, a larger decrease in the intervention group up to 6 months
after baseline was also observed. In contrast to the control group,
this difference was not statistically significant (mean difference in
change 13/100; 95% CIL: -4-31). Moreover, both significant
results were not clinically relevant, that is, a decrease of at least
20/100 169 on the VAS score. In addition, a hardly significant
finding for mental functioning was found in favor of the control
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the intervention group the control group

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI 1V, Fixed, 95% CI
Groef 2018 39 27 25 55 2.8 25 54% -1.60[-3.12, -0.08]

Li 2019 2 0.8 60 3.8 1.2 60 94.6% -1.80[-2.16, -1.44] .

Total (95% CI) 85 85 100.0% -1.79 [-2.14, -1.43] L

Heterogeneity: Chi2 = 0.06, df =1 (P = 0.80); 12 = 0%
Test for overall effect: Z = 9.88 (P < 0.00001)

-4 -2 0 2 4
the intervention group the control group

Figure 4. Changes in pain intensity: botulinum toxin type A injection versus no botulinum toxin type A. df, degrees of freedom.

group for quality of life from baseline up to 6 months (P =0.049;
95% CI: 0.04-14.68). No other beneficial effects were found, and
no adverse events occurred after infiltration.

Groef et al.®¥ reported the same study in 2020 as in 2018 but
with secondary outcomes. This study examined the effect of a
single BTX-A infiltration in the pectoralis major muscle, in
addition to a routine physical therapy regimen, on shoulder
mobility, upper limb strength, shoulder posture and kinematics,
and shoulder function in women following breast cancer treat-
ment. No significant differences were found between the groups
in the change of the outcome parameters over time. However,
improvements in shoulder mobility and function were observed
in both groups, indicating the possible beneficial effects of the
standard physical therapy program. In terms of therapeutic effect,
a single BTX-A infiltrate of the pectoralis major muscle was not
recommended outside the standard physiotherapy protocol to
improve upper limb injury and dysfunction after breast cancer
treatment.

Li et al.B3! evaluated 120 patients with low rectal cancer after
surgery. There was no significant difference in the pain index
scores between the two groups after waking up (P=0.084;
t=0.387). Three days after the operation, the pain index of the
intervention group was significantly lower than that of the con-
trol group (P=0.031; t=10.258). The postoperative hospital
stay was significantly shorter in the intervention group than in the

control group (P=0.029; t=17.935). Before treatment, there
was no significant difference in pelvic floor muscle tension, fast
and slow muscle strength, or slow muscle endurance between the
two groups (P>0.05). After treatment, the pelvic floor muscle
strength of the intervention group was significantly lower than
that of the control group (P<0.05). No adverse reactions
occurred in the observation group, and the total incidence of
postoperative complications was 6.7% in the intervention group
and 16.6% in the control group; this difference was statistically
significant (P < 0.05). The incidence of anastomotic leakage in the
intervention group was significantly lower than that in the con-
trol group (P <0.05). In conclusion, this study found that botu-
linum toxin injection into the pelvic floor muscle of postoperative
patients with low rectal cancer can not only reduce the pelvic
floor muscle strength and prevent the occurrence of anastomotic
leakage, but also relieve incision pain, shorten the time of anal
exhaust and the length of postoperative hospital stay, without
obvious adverse reactions.

Wittekindt ez al.'*®! described a clinical trial. Twenty-three
patients with neuropathic pain after neck dissection were inclu-
ded in the trial. All patients underwent extensive conservative
treatment for neck and shoulder pain after neck dissection. The
patients were divided into low-dose (n=13) (ONA, 80-120
mouse units) and high-dose groups (r=13) (ONA 160-240
mouse units). Pain and quality of life were assessed on days 0

the intervention group the control group

Mean Difference Mean Difference

_ Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed, 95% Cl IV, Fixed, 95% CI
1.2.1 Pain Intensity at the UL region
Groef 2018 3.9 2.7 25 5.5 2.8 25 52% -1.60[-3.12,-0.08]
Subtotal (95% CI) 25 25 5.2% -1.60 [-3.12, -0.08] -
Heterogeneity: Not applicable
Test for overall effect: Z = 2.06 (P = 0.04)
1.2.2 Pain Intensity at the pectoral region
Groef 2018 24 3.1 25 38 35 25 36% -1.40[-3.23,0.43] i
Subtotal (95% Cl) 25 25 3.6% -1.40 [-3.23, 0.43] -
Heterogeneity: Not applicable
Test for overall effect: Z = 1.50 (P = 0.13)
1.2.3 pain intensity of pelvic floor muscles
Li 2019 2 0.8 60 3.8 1.2 60 91.2% -1.80[-2.16,-1.44] !
Subtotal (95% Cl) 60 60 91.2% -1.80 [-2.16, -1.44]
Heterogeneity: Not applicable
Test for overall effect: Z = 9.67 (P < 0.00001)
Total (95% Cl) 110 110 100.0% -1.78 [-2.12, -1.43] ¢
Heterogeneity: Chi? = 0.23, df =2 (P = 0.89); I = 0% 10 5 0 5 10

Test for overall effect: Z = 9.99 (P < 0.00001)
Test for subaroup differences: Chi? = 0.23, df =2 (P = 0.89); I? = 0%

the intervention group the control group

Figure 5. Changes in pain intensity in different muscles: botulinum toxin type A injection versus no botulinum toxin type A. df, degrees of freedom.
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and 28, respectively. Pain assessment was based on a VAS.
Quality of life was evaluated by the global quality of life scale
(QLQ-C-30) and the multiple-item scale ‘pain’ (QLQ-H&N35).
A lower score denotes better functioning on the functional scale
‘pain’ in the QLQ-H&N3S5 (four contributing questions). The
mean pain VAS score of all patients was 4.3+ 1.4 before treat-
ment and showed a nonsignificant decrease to 3.6+ 2.5 points on
day 28 (P=0.13). The self-assessment of pain VAS of patients in
the low-dose group decreased considerably (P=0.05) from
4.3+1.0onday0to 3.0+ 1.9 on day 28. When comparing days 0
and 28 (P=0.86), the high-dose group’s mean VAS scores
showed a marginal increase, but the difference was not statisti-
cally significant. The low-dose group showed a tendency, but not
a significant improvement, in ‘global quality of life’ (P=0.15),
and a nonsignificant reduction in the functional scale ‘pain’
(P=0.10). In terms of therapeutic effect, they suggested that local
subcutaneous injection of BIX-A may be an effective and well-
tolerated treatment modality to reduce chronic neuropathic pain
after neck dissection.

Results of syntheses
Primary outcome: pain intensity

Two articles with a total of 170 patients were included in the
meta-analysis of pain intensity. In the study by Groef et al.>3, the
BTX-A injection group was compared with the placebo group.
However, in another study, the intervention group was admi-
nistered BTX-A 24 h after surgery based on the control group!®*!.
Pain intensity scores at the end point of each study were included
in the meta-analysis and standardized. As shown in Figure 4,
compared with the control group, pain in the patients was sig-
nificantly relieved after the injection of BTX-A. (MD -1.79,95%
CL: -2.14--1.43, two RCTs, P<0.00001). An I? of 0% indi-
cated no statistical heterogeneity, so we chose a fixed-effect
model. The results were unchanged when the model was changed
to a random-effect model. According to the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) system, the primary outcome was evaluated by the
GRADEpro GDT (Guideline Development Tool). The certainty
of the evidence for the primary outcome was ‘Moderate’ because
of possible biases in the included study. You can find details in the
Supplementary Item 3 (Supplemental Digital Content 2, http:/
links.lww.com/JS9/B340).

In the study by Wittekindt et al.'*®!, contrary to our common
knowledge, patients in the low-dose group improved significantly
(P<0.05) in their self-assessment of pain using the VAS.
However, in the high-dose group, the mean VAS scores increased
slightly, but this change was not statistically significant when
comparing data between day 0 and day 28?8,

Subgroup analyses by pain intensity in different muscles

In the study by Groef et al.l*3]) the primary outcome was a
change in pain intensity in the upper limb, but pain intensity in
the pectoral region was also reported; therefore, a subgroup
analysis was considered for pain intensity in different muscles
(Fig. 5). The results of the subgroup analysis by pain intensity
in different muscles were inconclusive because there was only
one study in each subgroup. The results showed that BTX-A
significantly relieved pain intensity in different muscles
(MD-1.78, 95% CI: -2.12—--1.43, P<0.00001). While the

subgroup analysis may not provide definitive conclusions in
this particular context, it can still contribute valuable insights
to the field. From the perspective of systematic review, the
subgroup analysis may help readers understand the application
and treatment effect of BTX-A in different muscles to a certain
extent.

Secondary outcomes: quality of life and adverse events

Quality of life was assessed in only one of the included studies;
therefore, no synthesis could be performed™3!. No adverse events
were found in the two studies. In the study by Groef et al.1%], a
borderline significant outcome for mental functioning was found
at 6 months in favor of the control group for quality of life
(P=0.049, 95% CI: 0.04-14.68). Additionally, the remark
should be made that at baseline the intervention group had higher
scores (70.7+17.3 vs. 64.3£18.7).

In the study by Wittekindt et al.?®l) the low-dose group
showed a tendency, but not a significant improvement, in ‘global
quality of life’ (P=0.15), and a nonsignificant reduction in the
functional scale ‘pain’ (P=0.10).

Reporting biases

Because only two studies were included in the meta-analysis and
both were statistically significant, an asymmetric funnel plot was
obtained (Supplementary Item 2, Supplemental Digital Content
3, http://links.Iww.com/]S9/B341).

Discussion

To our knowledge, this is the first meta-analysis to examine the
use of BTX-A and its therapeutic impact on the management of
patients with pain after cancer treatment. To a certain extent, this
study supports the idea that botulinum toxin can be used to
alleviate postcancer treatment pain. Our findings demonstrated
the beneficial effect of BTX-A in relieving pain intensity in
patients with pain after cancer treatment, enhancing the quality
of life to some extent, and causing few adverse events, according
to a systematic review and meta-analysis.

Previous studies have demonstrated that local injection of BTX
into areas of scar/fibrosis or allodynia may substantially alleviate
this type of pain in cancer patients (four prospective and three
retrospective trials, as well as multiple case reports)/26728-3674%1
addition, several cases demonstrated the effectiveness of BTX
therapy as a low-risk treatment option for cancer pain at the end
of life!*!!. Grenda et al.'"%! summarized data and reports con-
sidering BTX use in cancer therapy. This review concluded that
there may be noninvasive, very successful therapeutic usage for
BTXs in the treatment of many types of neoplasms. One study
suggested that botulinum toxin injections are currently one of the
most common treatment options for alleviating post-treatment
pain in breast cancer patients'*?l. It can achieve pain relief by
addressing postoperative muscle spasms and potentially altering
pain cascades thus improving nociceptive and neuropathic pain
in postbreast cancer surgery patients!*>**l. Kim et al. reported
two cancer patients with intractable pain with psoas muscle
invasion who achieved long-term improvement in pain symptoms
and movement after botulinum toxin injection into the iliopsoas
muscle after ineffective usage of opioids, chemoradiation,
anti-inflammatory agents, anesthetic agents, and/or nerve root
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blocks!**, However, a recent review of malignant psoas syn-
drome that included this study found that three patients reported
no improvement in pain symptoms with muscle relaxants,
including flunitrazepam, diazepam, and clonazepam, despite
concurrent administration of muscle relaxants with agents such
as opioids, radiation therapy, chemotherapy, anti-inflammatory
agents, SNRIs, anticonvulsants, and anesthetic agents*®!,
Although the evidence from this systematic review and meta-
analysis is uncertain because of the small number of studies
included, it also shows that BTX-A has a positive therapeutic
effect on patients with cancer pain to a certain extent.

This study has several limitations. First, there were insufficient
studies included in this review due to the few RCTs of relevant
studies. In particular, the evidence for secondary outcomes was
even more lacking than for primary outcomes, which made the
secondary outcomes more uncertain. Furthermore, subgroup
analysis may not provide definitive conclusions in this context. In
the future, we will include more newly published studies to con-
tinuously improve the reliability of the article. Secondly, there
were great differences between the two studies, which led to some
clinical or methodological heterogeneity: (1) The characteristics
of the patients included in the literature vary significantly. In the
study by Groef et al.’3], patients had to have undergone relevant
surgery, had their radiotherapy stopped at least three months
earlier, and had more than 3 months of pain in the pectoral region
(that is, maximum pain intensity during the past week during
activities > 0/100 on the visual analog scale). However, another
study selected patients who had just undergone surgery'>*!. (2) In
the study by Groef et al.!®3!, the intervention and control groups
received physical therapy in addition to BTX-A and saline.
However, in another study, the intervention group was treated
with BTX-A in addition to the control group’s treatment>>!, In
addition, there are insufficient studies to perform subgroup
analyses according to dose. Finally, only subjective outcomes
were used in each of the four included studies. Therefore, further
studies using well-designed RCTs with objective outcomes are
warranted.

This systematic review and meta-analysis illustrated the effi-
cacy and safety of BTX-A in patients with pain after cancer
treatment. Despite the limitations of our study, our results have a
broader context and potential significance, and it still contributes
to the overall body of knowledge in the field. On the basis of our
preliminary results, future studies on the use of BTX-A for pain
after cancer treatment should include more RCTs followed by
high-quality meta-analyses to obtain more definitive results,
especially to increase the quantitative evaluation of patient
quality of life and adverse effects. Currently, nontoxic BTX
constructs are being studied. These novel constructs may exhibit a
variety of therapeutic effects and may soon find widespread use.
This study might provide support for the future use of BTX-A on
a larger scale.

Conclusions

Evidence from four RCTs demonstrated the beneficial effect of
BTX-A, which was safe for the treatment of patients with pain
after cancer treatment. The BTX-A relieved pain intensity, and
there were few adverse effects.
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