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Abstract

Background. Repetitive transcranial magnetic stimulation (r'I'MS) is a non-in-
vasive technique that acts on the activity of the cerebral cortex employing electrical
currents.

Aim. The objective of this project is to evaluate the effectiveness of rI'MS on pain
and quality of life in patients with chemotherapy-induced peripheral neuropathic
pain.

Method. Ten patients with chemotherapy-induced peripheral neuropathic pain re-
ceived 20 sessions of r'TMS, consisting of 15 minutes of treatment repeated 5 times
per week for four weeks (10 Hz, 20s, 30 trains with 81% intensity). Patients were eval-
uated using the Brief pain inventory (BPI) and the Functional Assessment of Cancer
Therapy and neurotoxicity (FACT-GOG-NTX 13).

Results. There were significant differences in BPI mean severity, interfer-
ence score and FACT-GOG-NTX 13 (p<0,05).

Conclusion. The pilot study results suggest that r'I'MS is potentially beneficial for
the treatment of chemotherapy-induced peripheral neuropathy. rTMS over the M1
had an important reduction in pain severity, interference with daily activities, and
quality of life scores. However, results should be taken with caution due to the small
sample size, absence of a control group and short period of follow-up.
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Resumen

Antecedentes. La estimulacién magnética transcraneal repetitiva (EMTT) es una
técnica no invasiva que actia sobre la actividad de la corteza cerebral, empleando
corrientes eléctricas.

Objetivo. El objetivo de este proyecto es evaluar la eficacia de la EM'Ir sobre el
dolor y la calidad de vida en pacientes con dolor neuropatico periférico inducido por
quimioterapia.

Meétodos. Diez pacientes con dolor neuropatico periférico inducido por quimioter-
apia recibieron 20 sesiones de EMTT que consistieron en un tratamiento de 15 minu-
tos repetido 5 veces por semana durante cuatro semanas (10 Hz, 20 s, 30 trenes con
81 % de intensidad). Los pacientes fueron evaluados mediante el Inventario Breve de
Dolor (BPI) y la Evaluacién Funcional de la Terapia del Cancer y la neurotoxicidad
(FACT-GOG-NTX 13).

Resultados. Hubo diferencias significativas en la severidad media del dolor del BPI,
la puntuacién de interferencia y el FACT-GOG-NTX 13 (p<0,05).

Conclusion. Los resultados del estudio piloto sugieren que la rTMS es potencial-
mente beneficiosa para el tratamiento de la neuropatia periférica inducida por la qui-
mioterapia. La r'TMS sobre M1 tuvo una reduccién importante de la severidad del
dolor, la interferencia con las actividades diarias y las puntuaciones de calidad de vida.
Sin embargo, los resultados deben tomarse con cautela debido al pequeno tamano de

la muestra, la ausencia de un grupo de control y el corto periodo de seguimiento.

Palabras clave

Estimulaciéon magnética transcraneal repetitiva; dolor neuropatico periférico induci-
do por quimioterapia; cancer; calidad de vida; fisioterapia.

Introduction

Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive and painless
technique that acts on the activity of the cerebral cortex employing electrical cur-
rents [1]. It is used to treat diseases and symptoms associated with neuropathic pain
in cases such as orofacial pain [2], central neuropathic pain [3], diabetic neuropath-
ic pain [4], and even in neuropathies after cancer [5]. According to the American
Society of Clinical Oncology (ASCO), at least 3.5 million people around the world
suffer or feel the pain associated with cancer [6]. The prevalence of pain due to
neurological lesions in patients with advanced cancer can reach 40% [7]. In Latin
America, the specific incidence of cancer neuropathic pain is unknown. However,
2% of the general population suffers from neuropathic pain (NP), a figure that is
most likely underestimated [8]. Furthermore, considering existing clinical guidelines
for pain management such as those of the National Comprehensive Cancer Network
(NCCN), pain can be clinically classified into three main subtypes according to neu-
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rophysiology and neuroanatomy: somatic, visceral, and, the one that concerns this research,
neuropathic cancer pain. This type of pain is caused by multiple factors, such as surgical pro-
cedures, tumor nerve compression, and chemotherapy [9]. Neuropathic pain (NP) is generally
described as discharges of burning or stinging sensations, prickling, numbness or paresthesia
[10]. According to the International Association for the Study of Pain (IASP), NP is caused by
a primary lesion or transitory dysfunction of the somatosensory system, which causes several
alterations that considerably deteriorate the quality of life of this population [11].

Chemotherapy-induced peripheral neuropathy (CIPN) is characterized by a subacute on-
set, with a progressive course, appearing after several cycles of treatment and usually disap-
pearing within approximately 48 hours of application. About 30% of patients will continue
to have CIPN for a year or even longer after chemotherapy ends. Each antitumor drug causes
a different type of alteration in the genome. On the one hand, platinum (cisplatin, oxaliplatin)
produced a mechanism of damage in mitochondrial and nuclear DNA. Vinca alkaloids, such
as vincristine, and the paclitaxel family (Docetaxel, Cabalitaxel), destabilize the microtubules
of the cytoskeleton of cells. Another group is Bortezomib (Carfilzomib, Ixazomib), which are
inhibitor of the kinase activity of the 26S proteasome. And the last group of drugs has anti-
angiogenic activity, as the antineoplastic drugs (thalidomide, Lenalidomina, Pomalidomina)
also affect sensory nerves [12].

For several years, the management of neuropathic pain due to cancer and non-oncologi-
cal pathologies was exclusively limited to medications, including antidepressants, anticonvul-
sants, and opioids [13]. However, according to current estimates, about 5.7 million people in
Latin America and the Caribbean have limited access to analgesics. In the last years CGolom-
bia, Argentina, Chile, Guatemala, and Honduras have described low access levels to these
medications, indicating that pain management is close to deficient in large part of the Latin
American population [14]. In addition, the guidelines established in the topic, include neuro-
modulation as a third-line treatment for neuropathic pain [15,16].

Hence, repetitive transcranial magnetic stimulation is a modality recently incorporated as a
therapeutic option for NP. rI'MS is a non-invasive brain stimulation technology that employs
a magnetic field, which intends to normalize brain functions associated with pain-processing
in the primary motor cortex area (M1) [17]. rI'MS induces neuroplasticity which translates
into pain modulation [18].

There is evidence regarding the effectiveness of rI'MS for neuropathic pain [19-21].
However, there is poor information specifically for oncological population [5,22].

Therefore, this project aims to evaluate the effectiveness of rI'MS on pain and quality of
life in patients with chemotherapy-induced peripheral neuropathic pain.

Methods
Study design

A descriptive correlational study was carried out in ten patients with CIPN after rI'MS ap-
plication. Ethical approval was given by Fundacién Universitaria Maria Cano # 013008028-
2021-311. The study protocol was registered in clinical trials.gov (https://clinicaltrials.
gov/) ID NCT05480410. The protocol was structured according to the National Institute
of Health, the statements described by the clinicaltrial database, and the SPIRIT declara-
tion, which includes detailed study description and design, intervention, outcome measures,
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individual participant data and results sharing statement [23,24]. All participants provided
written informed consent prior to participation in the study. The trial was conducted in accor-
dance with the Declaration of Helsinki and Good Clinical Practice Guidelines [25].

This study was conducted at Neuroclinica Colombia from June to December 2022. Pa-
tients were recruited from the research center in Fundacién Universitaria Maria Cano. The
patients met the following inclusion criteria: female or males aged over 18 and under 75
years, any stage of cancer, chemotherapeutic treatment consisting of taxanes or oxaliplatin,
neuropathic pain with a minimum grade 2 severity based on the National Cancer Institute
Common Terminology Criteria for Adverse Events scale (NCI-CTCAE, version 5.0) [26],
and a mean 2 score or above in a visual analogue scale (VAS) of pain. We excluded patients
with any psychiatric disorder including major depression; history of seizure, epilepsy, stroke,
and intracranial metallic devices. Patients agreed to avoid any extra use of medication or to
make any changes to their pharmacological plan during the trial. Figure 1 illustrates a flow
chart of the organizational structure of the approved study.

Ten patients met inclusién
criteria n=10

- : BPl and
( Baseline )—) FACT-GOG-NTX 13
l assessment
( 5th session ) |

Within 4 weeks 1 ( 10th session ) . ( BPIl assessment )

( 15th session )

l BPl and
( 20th session )_) FACT-GOG-NTX 13

- assessment

BPl and
(1 st and 3rd month ' 3 FACT-GOG-NTX 13
postest
assessment

Figure. 1. Flowchart of the organizational structure of the study.
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Evaluation

All the patients had CIPN diagnosed by a neurologist and NCI-C'TCAE scale. Participants
were evaluated by a physiotherapist aiming to assess baseline pain-related functional impair-
ment using the brief pain inventory (BPI) and quality of life by the Functional Assessment of
Cancer Therapy (FACT-GOG-NTX 13). Health related quality of life (HRQol,) was mea-
sured based on the Ferrell et al. model, which describes four general domains: Physical, Psy-
chological, Social, and Emotional [27]. Assessment was made using the questionnaire from
the FACIT measurement system, which has designed more than 700 instruments to quantify
health-related quality of life for people with cancer https://www.facit.org/. Hence, the pa-
tient reported outcome measures (PROMS) have become an essential element for the assess-
ment and comprehensive intervention of this population, as QoL represents an essential end
point in cancer survivorship [28].

Determination of resting motor threshold

The target stimulation was the primary motor cortex in its subdivision representing the hand.
For this process, a basic trained operator identified the ‘omega-shape’ sulcus defining the Ro-
landic sulcus. Other authors have reported this specific hot spot target including the expert
consensus established by a group of European experts. They described a Level A recommen-
dation for the use of M1 as stimulation site for analgesic effect [5,20,29-32]. Then, the accu-
rate position of the target was adjusted according to the amplitude of the motor response on
the contralateral hand, which a basic r'I'MS-trained physiotherapist confirmed. This target
has been shown in different investigations to have greater specificity and effectiveness in the
treatment of neuropathic pain [33,34]. Once the target was identified, it was marked on a cap
for the following sessions (Figure 2). A physiotherapist was present weekly for assessment and
to supervise patients’ responses to treatment.

Intervention

The therapy was delivered with a Magpro R20 stimulator (Magventure Tonika Elektronic,
Farum, Denmark) through a figure eight-coil. Stimulation parameters were based on guide-
line recommendations [20]. They consisted of 30 consecutive trains of 100 stimulations
delivered at 10 Hz, at 81% of motor threshold, separated by inter-train intervals of 20
seconds, with a total of 3000 stimulations during session. The protocol consisted of 15-min-
ute sessions repeated 5 times per week for four weeks (20 sessions). These parameters were
selected based on previous research that described a higher percentage of pain relief in the
long term after 15-20 sessions on average [35] and delivered in a session of 15 minutes [30].
The occurrence of adverse events was noted throughout the study period.

Follow-up measures

For follow up measures, a physiotherapist assessed pain on the 5*, 10" 15" and 20" session
after rTMS intervention and 1* and 3" month post-test; quality of life was assessed on the 20
session after rTMS intervention and 1* and 3™ month post-test. Information was collected
through the Brief' Pain Inventory and the Functional Assessment of Cancer Therapy. BPI al-
lows patients to rate the severity of their pain and the degree to which their pain interferes with
typical dimensions of feeling and function. It includes a 0—10 numerical rating scale (NRS)
to measure four pain severity items: worst, least, average, and actual pain. All these items are
included in a mean severity score, which classified pain as follows: mild pain (score 1-4), mod-
erate pain (score 5-6), and severe pain (score 7-10). In addition, the interference score measures
how pain affects some daily activities, including general activity, mood, walking, work, rela-
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tions with others, sleep, and enjoyment of life. BPI pain interference is typically scored as the
mean of the seven interference items (0-10), where O indicates that the pain does not interfere
and ten completely interferes. The BPI was selected as it is a tool designed to assess pain relat-
ed to cancer [36,37]and was found to demonstrate good internal stability (Cronbach’s alpha
>(.70), as well as test-retest reliability [38].

Figure 2. Figure-8 coil (A). Target marked on cap (B) rTMS therapy delivered (C)
Image of the MagPro R20 magnetic stimulator (D).

The Functional Assessment of cancer Therapy/Gynecologic Oncology Group Neurotox-
icity (FACT-GOG-NTX 13) was used to assess quality of life in neuropathy. It includes a 27-
item general questionnaire designed to measure four health-related quality of life domains in
cancer patients: physical, social, emotional, and functional well-being. In addition, it includes
a 13-item neurotoxicity (NTX-13) module added to the core questionnaire. Each item 1is

%‘? Revista de Investigacion e Innovacién en Ciencias de la Salud - Volume 6, Number 2, 2024 - https://doi.org/10.46634/riics.274 \] ﬁ


https://doi.org/10.46634/riics.274

Pilot Study: rTMS for chemotherapy-induced neuropathic pain i1
Lopera Muneton et al. %?

scored on a 5-point scale (0 = not at all, 4 = very much), and all subscale items are summed
to a total (FAC'T G/Total score), where a higher score indicates a better quality of life (QOL).
This instrument has evidenced satisfactory reliability, validity, sensitivity to change, and re-
sponsiveness to evaluate neuropathic pain [39]. In addition, previous authors have evaluated
the psychometric properties of the FACT Spanish version with Colombian patients [40].

Data analysis

A univariate descriptive study was carried out using measures of frequency and central ten-
dency, depending on the nature of the variable. Normality tests were made using Shapiro
wilks statistic measure, finding non parametric variables. The difference of two variables of
related samples was carried out using the Wilcoxon test. Finally, the analysis of variance
(ANOVA) test was used to determine the effect of two nominal predictor variables on a con-
tinuous outcome variable.

Results

Ten patients were included in this pilot study. The mean age of the studied patients was 52.4+
12.6 years, (1 man and 9 women). Nine patients had breast cancer and one multiple myeloma.
Baseline characteristics are described in Table 1.

Table 1. Baseline characteristics of participants.

Parameters Volunteers %
Age (Years) Meanx (SD) 52.4+12.6 n=10
Socioeconomic level 1 0%
2 20%
3 60%
4 10%
5 10%
Educative level Elementary school 10%
High school 20%
Technical institution 30%
University 30%
Postgraduate degree 10%
Cancer Stage | 20%
Il 60%
1l 20%
Time after 1-3 Months 10%
Chemotherapy 4-7 Months 50%
8-12 Months 10%
13 Months or more 30%
Body Mass index (BMI) Meanz (SD) 30.1+ 5.5 n=10

Note. SD: Standard deviation.
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Scores on all the rating scales changed over time. For the brief pain inventory, the mean-
SD pain severity score at baseline was 5,53%1,27 classified as moderate pain. These rates
showed significant reduction at 10", 15*, and 20™ session, including the 1** month post-test
(p<0,005). In addition, at initial evaluation participants reported a mean-SD interference
score of 5,75%1,58, there was a reduction at session 5", 10®, 15" and 20", reporting a mean-
SD of 3,11+2,35, 2,35%1,75, 1,25%1,15, and 0,73£1,03, respectively, with a significant dif-
ference compared to baseline (p<0,05). These significant differences were maintained at 1*
and 3" month post-test with a mean-SD score of 2,01£1,59 and 3,30+2,27, respectively.
Mean BPI scores are shown in Table 2.

Table 2. Mean scores of BPI at baseline, 5, 10, 20 session, 1% month and 3™

month post-test.

Assessment BPI Mean pain severity score BPI Mean Interference score
Range (0-10) Range (0-10)
Mean-SD p value Mean-SD p value
Baseline 553+1,27 5,75+1,58

5th session 4,25+2,64 0,113 3,11+2,35 0,020*
10th session 2,50+2,26 0,005* 2,35+1,75 0,000*
15th session 1.72+1,73 0,000* 1,25+1,15 0,000*
20th session 1,60+1,47 0,000* 0,73+1,03 0,000*
1t month post-test 1,97£1,77 0,000* 2,01+1,59 0,000*
3 month post-test 3,48+2,65 0,057 3,30£2,27 0,018*

Note. BPI: Brief Pain inventory; SD: Standard deviation; * Statistical significance.

The patient’s FACT G mean-SD total score increased from 68,90£7,62 points at baseline
to 91,00£9,23 at 20" session (p=0,001), which was the highest score. FACT G mean-SD total
score decreased at 1" and 3™ month post-test. However, scores maintain a significant difference
compared to baseline (p<0,05), which implies a better quality of life rate after treatment and at
follow up. A similar behavior was observed for the neurotoxicity scale with a baseline mean-SD
score of 27,60%8,69 and a significant increase at the end of treatment with a mean-SD score
of 38,10£7,51 (p=0,012). Although mean rate decreased at 1 month follow up, there still was
a significant difference compared to baseline 36,20£7,88 (p= 0,011). Mean FACT-GOG NTX

scores are shown in Table 3.

The Muchli sphericity test from the ANOVA analysis was performed to study the effect of
time on the BPI severity score; the results described a statistical significance (p=0.001) and a
partial ETA squared of 45%. This indicates that the remaining 55% of the evaluated popu-
lation improved pain levels specifically due to r'I’'MS intervention.
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Table 3. Mean scores of FACT-GOG NTX at baseline, 20" session, 1t month and 3™ month

post-test.
Trial Outcome Index (TOI) FACT G- total score Neurotoxicity scale
Assessment Range (0-100) Range (0-108) Range (0-52)
Mean-SD p value Mean-SD p value Mean-SD p value
Baseline 60,50+10,59 68,90+7,62 27,60+8,69
20th session 85,20+15,08 0,001* 91,00+9,23 0,001* 38,10£7,51 0,012*
st _
I month post 80,10:1430 = 0001° | 8510+1508 | 0003 | 3620:7.88 | 0,011°
rd _
fes{m”th post 75,70+18,57 0.062 79,50+16,90 | 0,007* 35,10+10,21 0,100

Note. FACT GOG- NTX: Functional Assessment of cancer Therapy/Gynecologic Oncology Group-
Neurotoxicity; SD: Standard deviation; * Statistical significance.

Patients reported no significant secondary effects, including mild headache and drowsiness
for the first session. Those participants were referred to the neurologist who reported symp-
toms as transitory effects without any potential risk to the participant’s health.

Discussion

The goal of this pilot study was to investigate the effectiveness of rTMS treatment on CIPN.
These results suggest that rTMS at 10 Hz given every day for 20 sessions has the potential
effect to reduce ratings of pain and improve quality of life in this population. There was a
significant reduction in BPI mean pain severity and mean pain interference score at 10, 15,
and 20™ session and 1* month post-test (p<0,05). In addition, the mean interference score
showed a statistically significant reduction at 3 month follow up. Regarding quality of life,
the TOI and Neurotoxicity scales reported a significant increase at the end of treatment and
1* month post-test (p< 0,05). The FAC'T G total score increased at 20" session and 1* and 3™
month post-test (p<0,005). These results support the statement defined by the evidence-based
guidelines on r'I'MS, which described that the analgesic effects of the treatment are associated
with an improvement in quality of life scores [20]. In addition, even though 70% of CIPN
patients improve spontanecously during the 6 months [41], according to the present results,
55% of the patients included improved pain levels specifically due to rI'MS intervention,
regardless of the time elapsed from the end of treatment.

Hence, r'TMS is a non-invasive procedure that has been recognized as an effective treat-
ment for intractable neuropathic pain from different origins [17,42-44]. The literature de-
scribes that r'I'MS induces plastic changes in the central nervous system by increasing blood
flow, changing the resting membrane potential, modulating neuroinflammation, and releas-
ing endogenous opioids [18]. Therefore, this technology has been suggested as a safe alterna-
tive treatment option that relieves NP by modulating cortical excitability [21].

There is scarce evidence related specifically to rTMS in oncologic population. Thus, Khe-
dr et al. [5] included thirty-four cancer patients who received real rTMS (20 Hz, 10 s, 10
trains with 80% intensity) or sham r'TMS daily for 10 consecutive days. Patients were assessed
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using a verbal descriptor scale (VDS), a visual analogue scale (VAS), the Leeds assessment
of neuropathic symptoms and signs (LANSS), and the Hamilton rating scale for depression
(HAM-D) at baseline after the first, fifth, and tenth treatment sessions. Follow up was assessed
15 days and 1 month after treatment. They reported a higher reduction of VAS in the real
group after the 10" session (p = 0,001). Further, this effect persisted at 15 days of follow up.
There was a significant reduction of the HAM-D in the real group after the 10" session
(p=0,002). These effects persisted at 1 month follow up (p= 0,038). Similarly, our results
showed significant reduction in mean pain severity, interference, and quality of life, which
persisted for all the scores after 1 month follow up. HRQOL is usually assessed via multiple
indicators of self-perceived health status, physical and emotional functioning [45]. Hence,
in our study quality of life was evaluated by the FACT-GOG-NTX 13 instrument, which is
compound by 4 subscales (physical, functional, emotional, and social domain) according to
the Ferrell et al. model [27]. These results suggest the complexity of neuropathic pain, which
involves not only physical comorbidities, but also psychological alterations such as depres-
sion and anxiety. These elements have a negative impact on quality of life and its multiple
dimensions, generating disabilities and social restrictions [46]. Therefore, there is a need to
promote a comprehensive intervention for neuropathic cancer pain as they are a vulnerable
and undertreated population [47].

Goto etal. [22] included a total of 11 female patients with chemotherapy-induced periph-
eral neuropathy, who received four types of rTMS for two months. Pain was assessed using
the VAS Visual Analogue Scale (P-VAS) and the Japanese version of the McGill Pain Ques-
tionnaire 2 (SF-MPQ?2). Dysesthesia was evaluated using D-VAS. Assessment was performed
at baseline, before stimulation, immediately after stimulation, and one hour after stimulation.
Dysesthesia and pain scores significantly decreased after treatment, this suggests that rTMS
may modulate altered nerve conduction in cancer patients. Therefore, evidence suggests that
r'IMS could be an alternative treatment strategy for this late effect, which has a prevalence
up to 85% of cases [48].

Limitations and recommendations

Limitations in the interpretation of our results include the small sample size of this pilot study
and the lack of a sham stimulation group. Further and larger studies on the effects of rTMS
on neuropathic cancer pain are needed in order to lead to advancements in the clinical appli-
cation and effectiveness of the technique. Iuture research with longer follow up could support
the inclusion of rI'MS as a therapeutic option for comprehensive oncology rehabilitation
programs, which could improve pain modulation and positively impact quality of life. Corre-
sponding with our results some of the scores did not show a statistically significant difference
at 3" month follow up, which suggests the possible need of some extra sessions to maintain
therapeutical effect through time. In addition, according to the group of European experts
on the therapeutic use of rI'MS, the evidence suggests that the analgesic effect is favored by
longer session duration and serial treatment with a greater number of sessions [20].

Conclusion

The pilot study results suggest that r'TMS is potentially beneficial for the treatment of chemo-
therapy-induced peripheral neuropathy. However, results should be taken with caution due to
small sample size, absence of control group, and short period of follow up. Twenty sessions of
r'I'MS over the M1 had a beneficial reduction of pain severity, interference with daily activi-
ties, and quality of life scores. The maximum effect was reach at the end of treatment and 1*
month follow up, with significant difference for all the elements assessed compare to baseline.
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Given the limitations of currently available medications and its secondary effects, the results
suggest that rTMS is a favorable and non-invasive therapeutic option for cancer patients.
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