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Abstract

Objective. Chemotherapy-induced peripheral neuropathy (CIPN) syndrome causes significant pain as an adverse effect
of treatment, with few nonpharmacological interventions tested. A somatic yoga and meditation (SYM) intervention on
functional outcomes and quality of life (QOL) was investigated. Design and methods. Individuals diagnosed with CIPN were
enrolled in an open-label, single-arm, mixed-methods feasibility trial. Participants and Setting. In an outpatient rehabilitation
center, ten participants with median age 64.4 years (47-81) attended 61% of the sessions with no adverse events.
Intervention. SYM twice a week for 8 weeks for 1.5 hours, with home program and journaling. Main outcome measures.
Primary functional outcomes included Sit and Reach (SR), Functional Reach (FR), and Timed Up and Go (TUG). Self-
reported Patient Neurotoxicity Questionnaire (PNQ) and Functional Assessment of Cancer Therapy—Neurotoxicity
(FACT-GOG-NTX) were secondary CIPN outcomes. Biomarkers included salivary cortisol (stress) and bioesthesiometer
(vibration). Results: Quantitative findings. Significant improvements were found in flexibility (SR; P = .006); balance (FR; P =
.001) and fall risk (TUG; P = .004). PNQ improved significantly (P = .003) with other measures improving non-significantly.
Qualitative findings. Five themes emerged: (1) vacillation of CIPN pain perception over time; (2) transferability of skills to
daily activities; (3) improvement in physical function; (4) perceived relaxation as an effect of SYM; and (5) group engagement
provided a social context for not feeling isolated with CIPN. Conclusion. Preliminary data suggest SYM may improve QOL,
flexibility, and balance in cancer survivors with CIPN, with a fully powered randomized controlled trial indicated.
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The incidence of CIPN varies by the type of chemo-
therapeutic agent(s), the total dose, and patient-related fac-
tors such as race and genomics.”'’ Almost 50% of women
with breast cancer experience CIPN symptoms many years
after treatment, with reduced function, greater disability,
and higher risk of falls, which is complicated by the aging
process.'' Acute oxaliplatin neurotoxicity occurs in 65% to
98% of patients with colorectal cancer.'"'?

Clinically, CIPN presents as deficits in sensory function,
but also motor and autonomic dysfunction, which develop
in a glove and stocking distribution."® Although chemother-
apy improves the likelihood of disease-free survival, CIPN
significantly decreases walking speed and balance, which
can be observed after the first chemotherapy cycle and pro-
gresses with cumulative exposure. These functional deficits
are mirrored with increased patient-reported symptom
severity, including fall risk and disability.'*'> Few nonphar-
macological interventions have been tested for their impact
despite the fact that CIPN is routinely assessed during
administration of toxic chemotherapy. This study explores
the feasibility of a one-arm pilot somatic movement—based
yoga program to reduce these side effects with the goal of
developing optimal survivorship care plans.

Yoga and meditation as a combined intervention is often
used by cancer survivors for symptom management, and a
recent systematic review of randomized controlled trials
(RCTs) showed that these combination interventions have
strong beneficial effects on the QOL of oncological
patients.'®!” Several studies demonstrate the positive effects
of yoga with meditation on pain, sleep, fatigue, biomarkers,'®
and QOL in cancer survivors.'**’ The Society of Integrative
Oncology guidelines addressed the use of integrative thera-
pies for the management of adverse treatment effects, and an
American Society of Clinical Oncology (ASCO) expert panel
endorsed yoga and meditation for stress management and
depression or mood disorders and improved QOL." These
studies informed the use of yoga for pain management in neu-
ropathic pain. However, no study has rigorously investigated
its effects on CIPN and the associated functional outcomes.”'

Yoga studies conducted in other patient populations and
healthy individuals have shown beneficial effects on psy-
chological and somatic symptoms as well as other aspects
of physical function.”? In our previous studies, we found
that yoga with a brief meditation improved pain and reduced
musculoskeletal symptoms of the treatment side effects of
aromatase inhibitors.”> We also demonstrated the safety and
feasibility of structured yoga in an elderly population at risk
for falls.”*? Therefore, we used the principles of these pre-
vious studies in a preliminary exploration of the therapeutic
effects of a somatic-based yoga program with a meditation
component on functional outcomes and QOL among indi-
viduals with CIPN in an open-label, single-arm, mixed-
methods pilot study.

Procedures

Participant Recruitment and Inclusion/Exclusion
Criteria

Recruitment occurred via referral by medical personnel
and self-referral to reduce channeling bias. To reduce
selection bias in the sample, multiple methods of recruit-
ment were used. Flyers were placed in local oncology-
related physician offices and emailed to physicians and
office managers (including primary care, medical oncol-
ogy, radiation oncology, surgery, and plastic surgery).
Flyers were made available to the public via multiple
social media and electronic platforms, in physical print in
community centers and public establishments, and in audi-
tory form on local radio. This variety of publicity was cho-
sen to reduce age, socioeconomic, literacy, and physical
biases. This pilot feasibility trial projected inclusion of a
minimum of 10 with a maximum of 15 participants as the
sample size because of the physical limitations of the out-
patient clinical setting. Stockton University and Bacharach
Institute for Rehabilitation Institutional Review Board
approved the study protocol (#2018.19), and all partici-
pants signed informed consent. This trial was registered
with ClinicalTrials.gov (NCT03786055).

Criteria for enrollment included cancer survivors 18
years or older; any type or stage of cancer; all treatment
completed with no current evidence of disease; and at least
mild peripheral neuropathy symptoms (sensory and/or
motor) as rated on the Patient Neurotoxicity Questionnaire
(PNQ), administered via telephone. The PNQ captured clin-
ically important and quantifiable information on 2 symptom
areas relevant to CIPN.”*?’ The 2 questions specifically
quantify sensory (eg, tingling, pain, and numbness) and
motor (eg, weakness, walking, eating) areas to assess inter-
ference and noninterference in daily activities.”®*’ The PNQ
total score ranges from 2 to 10, with a high total score indi-
cating severe CIPN symptoms.”*™°

Exclusion criteria included active cancer disease or cur-
rent cancer treatment, because those under active treatment
may have continued cumulative effects of chemotherapy,
and comorbidities such as diabetes or prior history of
peripheral neuropathy from any cause. This is to ensure that
the sample population under study has CIPN specifically
from previous cancer treatment(s) to reduce confounding.
All participants were screened in advance of eligibility test-
ing to determine the safety of exercise based on health his-
tory, current symptoms, and risk factors. Administration of
the Physical Activity Readiness Questionnaire, a brief,
7-question screening tool recommended by the American
College of Sports Medicine, focuses on symptoms of pos-
sible heart disease while identifying musculoskeletal prob-
lems that should be evaluated and addressed for safe
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participation in any exercise program.’' For those who
responded yes to any question, a physician clearance was
obtained prior to the start of the trial intervention.

Data Collection and Primary Clinical Outcome
Measurements

Primary Clinical Outcomes. The Timed Up and Go (TUG) is
a standardized test that measures physical function in sitting
to standing, walking, turning, and returning to the seated
position.”” Participants were instructed to stand up from a
chair, walk 3 m as quickly and safely as possible, turn
around, walk back, and sit down. The test is timed in sec-
onds, and longer time indicates worse performance; 9 s is
the cutoff for high risk of falls.”

The Functional Reach (FR) test examines the balance
of individuals with respect to the patient’s limit of stabil-
ity. Each participant is instructed to flex the test arm for-
ward to 90° and to reach forward as far as possible before
taking a step. The reach is determined by the total excur-
sion of the third metacarpal from the starting point to the
point just before balance is lost. An average of 3 measure-
ments in centimeters is used as the final score.”** FR has
demonstrated strong reliability and validity for measuring
postural control in reaching forward during standing.”
The FR test has shown criterion validity, predictive valid-
ity, test-retest reliability, and interrater reliability for
younger and older adults.* It has also been shown to pos-
sess predictive validity for falls.’” People with reaches less
than 25.4 cm are 8 times more likely to fall than those with
a reach >25.4 cm.”® Both tests (FR and TUG) can be used
to track changes in balance performance and fall risk over
time.

The Sit and Reach Test (SR) is the most widely used
measure of hamstring and low back flexibility, examin-
ing the maximal reach an individual can make in a long-
sitting position.””*® Use of this test in most health-related
fitness studies is consequent to the belief that maintain-
ing this flexibility may prevent acute and chronic muscu-
loskeletal injuries, low back problems, postural
deviations, gait limitations, and risk of falling.*' The SR
has established norms by the American College of Sports
Medicine, with a score of 16 cm and 15 c¢m for adults 46
to 55 and 56 to 65 years old, respectively, in the 50th
percentile.*** Participants are asked to maintain a long-
sit position on the floor while safely reaching forward as
far as possible with their shoes removed, feet flat against
the table, and legs straight, with distance measured in
centimeters.*"**

The TUG,” FR;**** and SR¥* were evaluated by
research assistants and clinically assessed at baseline and 8
weeks. Interrater reliability was assessed between 2 investi-
gators (85% « coefficient). These measures served as pri-
mary clinical outcomes, have been used in previous yoga

pilot studies and other clinical trials of yoga, and are sensi-
tive to functional changes over time. Primary clinical out-
come measures, participant-reported outcome surveys, and
physiological measures were administered at baseline and
at week 8.

Secondary/Patient-Reported Outcome Measures

Pain was measured with the Brief Pain Inventory (BPI),*
the PNQ,* and the Functional Assessment of Cancer
Therapy—Neurotoxicity (FACT-GOG-NTX""). Stress was
measured with the Perceived Stress Scale (PSS),* sleep
with the Pittsburgh Sleep Quality Index (PSQI),”"° spiritu-
ality with the Functional Assessment of Chronic Illness
Therapy—Spiritual Well-being Scale (FACIT-SP),* and
fear of falling with the Falls Efficacy Scale (FES).”® All are
valid and reliable patient-reported outcomes. The FACT-
GOG-NTX"*" and PNQ* were used as the CIPN evaluation
method.

Vibration sense was measured on the feet through a cali-
brated bioesthesiometer at baseline and at 8 weeks.”'
Participants were placed in a relaxed position in a chair and
tested with the same script and application of the vibration
unit to the proximal lower extremity where sensation is
intact. The midplantar pad and the tip of the great toe were
tested via 2 trials per protocol. The amplitude is directly
proportional to the square of the applied voltage, with
results measured in microvolts.

Salivary cortisol was used as a biological and systemic/
local inflammatory stress marker. Salivary cortisol was
collected at baseline and 8 weeks and followed previous
protocol.” Samples were collected using the Salivette col-
lecting device and standardized methodology, a commonly
used saliva sampling technique with minimum invasive-
ness (Salimetrics, Inc State College, PA). Results were
reported in micrograms per deciliter.

To address the qualitative perspectives of this mixed-
methods approach, research assistants and yoga instructors
described weekly observations and encounters with partici-
pants and recorded shared experiences in an Excel spread-
sheet. A final focus group met for 1.5 hours during the last
session and was transcribed. Participants were asked to
write in journals to reflect on class and home practice.
Guiding questions were adapted from previous qualitative
research in cancer survivors™=*:

1. What was the most enjoyable aspect of the yoga
session?

2. What was the most difficult aspect of yoga?

3. Has your pain changed (improved or worsened)
since the last session?

4. What are your experiences in the home practice?

5. Do you feel that these yoga sessions are beneficial
in managing your pain symptoms and function?
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Study Intervention

Hatha yoga is widely recognized as a form of yoga that
has a reproducible format; combines postures (asanas),
breathwork (pranayama), and meditation; and can be
used therapeutically for a wide variety of conditions.
Yoga interventions for individuals in cancer recovery
emphasize engaging the parasympathetic nervous system
(PNS), which elicits the relaxation response. This relax-
ation response is an important component in the Hatha
tradition; it counters the deleterious effects of the sympa-
thetic nervous system (SNS) or stress response, allowing
multisystem body and mind integration and healing.”*°

Yoga postures and breathwork do not all affect the body
and mind in the same way. Some upregulate and stimulate the
SNS, whereas others upregulate and stimulate the PNS. The
protocol in this study included only those postures and breath-
work that engage the PNS.”” Emphasis was placed on the
importance of connection of movement with breath called
dynamic movement.”’ Dynamic movement leads to improve-
ment in flexibility, strength, stability, and balance, all of which
are frequently negatively affected with cancer treatment.*®

In addition, the movement protocol for this trial was
inspired greatly by the principles of Hanna Somatics
(Thomas Hanna) and Somatic Yoga (Eleanor Criswell),
both rooted in Hatha Yoga.’**' Stresses and traumas create
reflex patterns in the body that lead to chronic muscular
contractions, which, over time, cannot be voluntarily
relaxed. These states of contraction cause many ongoing
symptoms such as poor posture, decreased flexibility and
balance, debilitating pain, and overall decreased QOL.*
The contractions are a result of continuous subcortical
brainstem-level impulses sent to the motor units.”> The
return to cortical control allows voluntary relaxation of
muscle fibers and relief of symptoms. Somatics movements
use pandiculation, voluntary muscular contraction, and
slow controlled decontraction (eccentric contraction), with
the constant focus on sensation, to increase the resting
length of muscles.”” Movements are performed slowly and
gently with the least possible effort and are never forced.*

iRest yoga nidra-inspired guided meditations from the
Integrative Restoration Institute were chosen for this proto-
col because this type of meditation has been shown to
decrease the stress hormone cortisol, which drives the
upregulation of the SNS.* In 2010, iRest was endorsed by
the US Army Surgeon General and Defense Centers of
Excellence as treatment for chronic pain. These medita-
tions, developed by Dr Richard Miller, are trauma informed
and evidence based, supporting healing, personal growth,
and well-being over a broad range of populations, including
individuals with cancer (Table 1).%

Participants met twice per week for 8 weeks, and ses-
sions were taught by certified yoga instructors. The yoga
program lasted 90 minutes per class and was structured

precisely as shown in Table 1. Previous yoga studies for
cancer survivors include a minimum of 8 weeks to effec-
tuate change from various treatment inteventions.”***
Our protocol was created by a physician and certified
yoga therapist (RT), who holds specialty certifications
with Integrative Yoga Therapy, Novato Institute for
Somatic Research and Training, Trauma Informed Yoga
Therapy, Yoga 4 Cancer, and The Integrative Restoration
Institute and who trained our team of yoga instructors.
They ensured the safety and comfort of each participant
throughout each class, including assisting with the use of
yoga props such as blocks, mats, blankets, chairs, and pil-
lows. Participants were encouraged to honor how they
were feeling in each moment and to only move and
breathe in a way that felt comfortable. They were sup-
ported in choices to use props as needed during the study,
with guidance to reflect any self-led progression in
decreasing use of props to assume greater challenges in
the yoga protocol. Overall, this program was designed to
decrease the symptoms of CIPN, including pain, numb-
ness, and tingling in the extremities, with resultant
improvement in flexibility, pain, proprioception, agility
balance, and kinesthetic sense.

Abbreviated versions of the yoga and meditation pro-
gram were introduced for home practice during week 1 of
the structured sessions. Recorded audio files were emailed
to participants. Support was offered by the research team to
verify that all participants were able to access the 4 files.
Two recordings were an abbreviated home yoga practice to
be used with or without a chair depending on the needs of
the individual. The 2 additional recordings were short and
long iRest® yoga nidra—inspired guided meditations.®**’
Adding the home program teaches participants to become
increasingly self-sufficient. Additionally, this small amount
of daily practice has been used in other mind-body therapy
trials.®** Adherence to the home-based yoga program was
measured weekly by discussion with a research assistant.
Additionally, participants recorded their daily practice in a
journal and provided insight into their experiences with the
yoga classes and home practices.

Data Analysis

SPSS 24.0 was used to examine paired 7-tests and Wilcoxon
rank sum tests for all variables. For the qualitative data,
content analysis was used and involved individual coding
based on variables identified. Journals were reviewed, and
codes were assigned to portions of the text and entered. The
process is iterative and code categories were created,
revised, and expanded. The qualitative data recorded from
weekly research assistant discussion and yoga instructor
observations were entered into Microsoft Word. After the
journals were read in detail twice by all the researchers,
main themes were identified and coded. Corresponding
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Table I. Yoga Class Structure and Components.

Asana/Activity Minutes
Seated
Verbal check in, address inquiries 5 minutes
Supine
Baseline body and breath scan, Diaphragmatic 2 minutes,
breath, set intention 4 minutes
Somatic movements
(1) Arch/flatten back I5 minutes
(2) Arch/curl
(3) Twists
(4) Hip series
Knees to chest, knee circles | minute
Seated Sukasana (cross-legged) cleansing breaths | minute
Finger fan (activation of intrinsic muscles) | minute
Chin mudra with kaki (beak exhale breath) 2 minutes
Sun breaths with neck stretches 2 minutes
Dandasana (staff pose)—joint freeing series 4 minutes
ankles/feet, forward folds
Switch sukasana (cross-legged)—joint freeing 4 minutes
wrist/elbow/shoulder
Side bends 2 minutes
Marjariasana (table top)
Cat/cow to center, left, right 2 minutes
Chakravakasana (sunbird) to garbhasasana 2 minutes
(childs pose)
Tadasana (standing mountain pose)
Toe fan (activation of the intrinsic muscles) | minute
Dancing warrior series (virabhadrasana) 4 minutes
Tree pose (vriksasana) 4 minutes
Shake tree gi gong | minute
Cleansing breaths | minute
Supine (or seated variation)
Twists 2 minutes
Bridge | minute
iRest® Yoga Nidra inspired guided meditation 20 minutes
Savasana 5 minutes
Postpractice body and breath scan noting 2 minutes
changes
Seated
Mandala (circle) mudra with affirmation “l am | minute
complete and whole exactly as | am”
Sun breath, Anjali mudra, aum, namaste | minute

quotes were entered into Microsoft Excel to create tables
identifying the main themes. The research group compared
each result to establish good interrater reliability (x 90%)
within the recurring themes. There were no outliers or insig-
nificant themes, and the researchers came to consensus on
each identified theme. The investigators’ notes taken during
the weekly encounters were coalesced and reviewed by the
research team for any additional relevant information and
confirmatory statements. A member check was performed
to enhance the internal validity of the results. The ability to
triangulate with journals, weekly encounters, and observa-

tion by the yoga instructors and researchers further con-
firmed these findings.

Results

Patient Characteristics

Between May 2018 and July 2018, 52 individuals personally
responded to flyers or publicity about the study or were
directly referred by medical providers because of CIPN symp-
toms. Of this group, 14 initially passed telephone screening
for participation. Three were excluded prior to the start of the
study because of ineligibility based on reoccurrence or change
in medical status. One participant did not complete intake test-
ing and opted not to participate, because of a family emer-
gency. Ten participants consented to participation in the study,
signed the institutional review board approved consent form,
and completed all study testing (Figure 1).

The median age of the participants was 64.4 years, rang-
ing from 47 to 81 years (Table 2). Seven participants self-
identified as white/non-Hispanic, 1 as black/African
American, 1 as more than 1 race/ethnicity/Hispanic, and 1 as
more than 1 race/ethnicity. Nine participants were female
and 1 male. Five participants had a diagnosis and treatment
for breast cancer, 2 with colon cancer, 1 with ovarian cancer,
1 with uterine cancer, and 1 with bladder cancer. Five par-
ticipants stated that they were at stage III disease, 2 at stage
IL, and 1 at stage I, and 2 did not report a stage or were uncer-
tain. Four participants reported their most recent dose of
chemotherapy as “less than 6 months ago,” 3 as “less than 5
years ago,” and 3 as “greater than 5 years ago.” Two partici-
pants were currently employed full-time, 2 were employed
part-time, and 6 were retired or not currently employed.

At baseline, 4 participants rated their sensory symptoms
(eg, pain, numbness, burning, and/or tingling) as “moderate,”
with 6 rating them as moderate to severe on the PNQ.
Additionally, 5 self-rated muscular weakness as moderate to
severe, 3 as moderate, 1 as mild, and 1 as no perceived weak-
ness as defined by the PNQ (Table 2). Of the 10 participants,
8 were noted to be at high risk for falls as measured by the FR,
whereas 5 of the 10 were identified with high fall risk as mea-
sured by the TUG at baseline. Two of the participants resumed
working full-time during the course of the study. One partici-
pant completed 3 sessions, reported resuming full-time
employment, and completed written poststudy outcome mea-
sures. One participant withdrew in the last week because of
illness, with completion of written poststudy outcomes mea-
sures. Intention to treat was used for all data analyses.

Overall attendance was 61%, ranging from 3 to 16 ses-
sions. In all, 80% trialed the home program (meditation/
breath work and/or yoga-based movement). Seven per-
formed the home program component at least once per
week, with two performing the home program at least thrice
per week.
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Screened prior to eligibility
[ Screened assessment (n = 52)
Excluded (n = 38)
» + Not meeting inclusion criteria (n = 13)
+ No further contact (n = 25)
[ EN e Assessed for eligibility (n = 14)
Excluded (n=4)
+ Not meeting inclusion criteria (n = 3)
» «+ Declined to participate (n =1)
Trial size (n = 10)
[ Allocation Allocated to intervention (n = 10)
+ Received allocated intervention (n = 10)
+ Did not receive allocated intervention (n = 0)
[ Follow-Up Lost to follow-up (n = 0)
Discontinued intervention (n = 2)
¢ Resumed work (n = 1)
+ Changed medical status (n = 1)
[ Assessment . )
Assessed for objective 1 - Functional (n = 8)
Assessed for objective 2 — QOL, written (n = 10)
Figure I.
Flowchart.

*Eldridge SM, Chan CL, Campbell M), et al. CONSORT 2010 statement: extension to randomised pilot and feasibility trials. BMJ. 2016;355:i5239.

Safety

reported as a possible side effect of chemotherapy. There
was no worsening of the condition based on patient self-

One participant had bilateral lower-extremity mixed  report and clinician exam prestudy and poststudy. There
etiology lymphedema at baseline that was self-managed  were no adverse responses or events during the course of
with knee-high compression garments, which was the study.
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Table 2. Demographic and Clinical Characteristics of Clinical
Trial Participants (n = 10).

Median age, years (minimum-maximum) 64.4 (47-81)
Race n (%)
White 7 (70%)
Black/African American I (10%)
Hispanic I (10%)
More than | race I (10%)
Employment
Full-time 2 (20%)
Part-time 2 (20%)
Not currently employed 6 (60%)
Gender
Male I (10%)
Female 9 (90%)
Type of cancer
Ovarian I (10%)
Breast 5 (50%)
Colon 2 (20%)
Uterine I (10%)
Bladder I (10%)
Stage of cancer
Stage | I (10%)
Stage |l 2 (20%)
Stage llI 5 (50%)
Uncertain 2 (20%)
Last dose of chemotherapy
<6 Months 4 (40%)
<5 Years 3 (30%)
5+ Years 3 (30%)

Patient Neurotoxicity Questionnaire (PNQ) sensory symptoms

No numbness, pain, or tingling 0 (0%)
Mild numbness, pain, and tingling 0 (0%)
Moderate numbness, pain, and tingling 4 (40%)
Moderate to severe numbness, pain, and 6 (60%)
tingling
Weakness symptoms

No perceived weakness I (10%)
Mild weakness I (10%)
Moderate weakness 3 (30%)
Moderate to severe weakness 5 (50%)

Improvements in Primary Clinical Outcome
Measures

Participants had significant improvement in flexibility mea-
sured by SR (mean increase = 8.53; SD =7.52; P=.006) and
in balance measured by FR (mean increase = 14.32; SD =
8.78; P=.001). Of the 10 participants, 40% were at high risk
and 40% were medium risk for falls as measured by FR,
with none at fall risk at the end of the intervention. The TUG
improved significantly, indicating improved mobility and
balance and reduction in fall risk (mean reduction = 2.11,

SD = 1.75, P = .004; Table 3). Five of the 10 participants
were at high risk for falls using the TUG at intake, with only
1 participant remaining at fall risk by the end of the study.

Changes in Secondary Outcome Measures,
Including Patient-Reported Symptoms Related to
Pain and QOL

Participants experienced a significant reduction in BPI pain
severity (4.84 t0 2.90, P=.041) and in pain interference (4.77
to 3.18, P = .011). CIPN symptoms measured by PNQ
showed significant improvement in sensory symptoms and
muscular weakness (6.8 to 5.3, P =.003). The second mea-
sure of CIPN symptoms, the FACT-GOG-NTX, although not
significant demonstrated trends of improvement (95.90 to
104.4, P = .445). Stress (PSS) was reduced (18.8 to 14.8, P =
.056), with sleep quality (PSQI) nonsignificantly improved
(10.5 to 8.9, P = .23). Spirituality as measured by FACIT-SP
also improved nonsignificantly (103 to 110, P = .510), and
fear of falling was nonsignificantly reduced (FES; 37.7 to
28.8, P =.07; Table 3). The salivary cortisol measures dem-
onstrated a decreasing trend without statistical significance
(0.131t0 0.118, P=.12). Sensation as measured via bioesthe-
siometer also demonstrated trends of improvement in all
tested locations on the feet, with a single location (tip of right
great toe) revealing statistically significant improvement
(mean improvement = 8.2, SD = 10.6, P = .035; Table 3).

Qualitative Data Results

Five themes emerged from journal entries, weekly in-person
checks, or through phone contact or email and final focus
group meeting transcription and was substantiated among
the participants through member checks: (1) vacillation of
CIPN pain perception over time; (2) transferability of skills
to daily activities learned throughout the yoga intervention;
(3) improvement in physical function, leading to return to
various work and hobbies; (4) perceived relaxation as an
effect of the yoga and meditation; and (5) group engagement
providing a social context for not feeling isolated with CIPN.

Theme |:Vacillation of CIPN Pain Perception Over Time. Nine of
the participants reported evolving neurogenic changes through-
out the study. They indicated that the yoga practice resulted in
new sensations of their hands and feet. All participants echoed
sentiments that CIPN is a long-lasting side effect of treatment
that was downplayed or ignored in medical visits.

“From the first day I came in, simply the acknowledgement that
this [CIPN symptoms] is real, I mean, 1 had my oncologist say,
‘This is as good as it 5 going to get,’and ‘You have neuropathy.’ But
the acknowledgement that the effect that it has [on your life], is so
real. I can tell you how that has changed me. "—Participant 5
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Table 3. Change in Function and Other Symptom Outcomes (n

= 10).

Baseline, Mean

Measure (SD) Week 8, Mean (SD) P Value®
Clinical functional measures
Functional Reach (cm) 20.87 (5.81) 36.92 (6.82) .001*
Sit and Reach (cm) 13.01 (5.75) 23.94 (7.68) .006°
Timed Up and Go (s) 9.50 (3.11) 6.44 (3.38) .004°
Patient-reported outcomes
Perceived Stress Scale 18.8 (7.61) 14.8 (8.56) .56
Brief Pain Inventory (BPI) items (Pain Severity) 4.835 (1.92) 2.9 (1.97) .041°
BPI items (Pain Interference) 4.769 (2.13) 3.175 (2.07) ol
FACT-NTX-Total 95.9 (22.0) 104.4 (27.3) 445
Patient Neuropathy Questionnaire 6.8 (1.47) 5.3 (1.49) .003°
Falls Efficacy Scale 32.7 (11.96) 28.8 (10.88) .072
FACIT-SP 103 (26.7) 110 (33.8) 510
Pittsburgh Sleep Quality Index (PSQI) 10.5 (4.81) 8.9 (4.93) 238
Clinician-measured biomarkers
Vibration
Right midplantar (pV) 30.60 (15.2) 28.65 (17.2) .634
Left midplantar (uV) 29.70 (15.5) 27.25 (17.6) .533
Right great toe (uV) 33.10(10.6) 24.9 (9.9) .035%
Left great toe (pV) 33.75 (14.4) 25.55 (14.6) .088
Stress measure
Cortisol (ug/dL) 0.131 (0.06) 0.118 (0.6) 11é

Abbreviations: FACIT-SP, Functional Assessment of Chronic lliness Therapy—Spiritual Well-being Scale; FACT-NTX, Functional Assessment of Cancer

Therapy—Neurotoxicity; PSQI, Pittsburgh Sleep Quality Index.
°P < .05 significance level.

“Pain in feet was a little worse, and bad leg (right) was a little
sore the day after. . . . The tingling and asleep feeling in my feet
is bad sometimes, I wonder if the nerves are coming alive. I

s

know it’s a process."—Participant 10

“Around weeks 2 or 3,  was waking up with a lot of burning. [
was telling myself it was nerve regeneration. And then it got
better."—Participant 5

“I didn't think about my feet burning for the first two hours
after the first session, when the pain suddenly returned with its
usual crazy sensations, like a big boat being driven through my
left heel. "—Participant 7

Theme 2:Transferability of Skills Learned Throughout the Yoga
Intervention to Daily Activities. Six participants found the
instruction and practice in breath work an essential aspect
of their daily lives as a skill to assist in self-management of
symptom exacerbation, daily activities, and anxiety. Three
participants opted to use the breathing exercises as a sleep
aid, whereas the other 4 participants used it to alleviate
stress. Of the 9 participants who completed the journals, 5
participants asked for community yoga classes to attend
after the study was over for continued sustainability of
improvements.

“I believe it is not a cure all for my problems, but it has opened
my eyes to what I am capable of doing when I put my mind to
it. "—Participant 6

“Concentration on the belly breathing has cooled some of the
sensation of fire in my feet—lasting a little longer after each
breathing session. . . . I am very grateful for the relief |
experience for long periods after practice and whenever [
breathe through my nose. "—Participant 7

“My balance is better, my core stronger, and I have a better
feeling about where I am in my life after cancer. I will never be the
same person [ was, but I can tell you that yoga has opened my
eyes and mind about someone I can be again. "—Participant 9

Theme 3:Improvement in Physical Function Leading to Improve-
ment or Return to Various Work and Hobbies. Six participants
reported an improvement in their balance and flexibility as
a result of the yoga sessions. Three participants indicated
more confidence in performing daily tasks (standing up,
cleaning, showering) as a result of more stability and bal-
ance. Six found improvement in their sleep from the breath-
ing techniques and yoga exercises.

“Overall, I feel better—physically and mentally—less hesitant/
afraid of doing things. "—Participant 5
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“My biggest fear is falling in the shower . . . and instead of just
throwing the washcloth on the bottom of the tub and washing it,
the last couple weeks ['ve been picking one foot up and, you
know, washing it by myself, instead of what I've been doing the
last 3 or 4 years. So, I'm feeling a little bit more confident . . . "—
Participant 9

“Played golf for the first time in a very long time . . . and
actually played well. "—Participant 9

“Noticing my balance is improving. In the shower when I close
my eyes to shampoo, I previously touched the side because 1
was immediately wobbly. I concentrate on mountain pose and
find it not so wobbly. "—Participant 1

Theme 4:Relaxation as an Effect of the Yoga and Meditation. Eight
participants consistently reported relaxation after the group
sessions and/or home practice and were able to perceive
improvements throughout daily function. Application of
yoga techniques for relaxation contained some aspect of
breathing exercises as a tool to aid sleep and relaxation.

“After practice, I am not focused on the numbness or pain, my
mind is elsewhere. "—Participant 9

“The yoga sessions are wonderful and relaxing, and I feel like
I’'m accomplishing something. . . . The meditation is a wonderful
cleansing process of letting everything go, which I need to
make more time for."—Participant 6

“The best part of class is the movement and how my body feels
after class. I always feel relaxed and very mindful leaving the
building. "—Participant 8

Theme 5: Group Engagement Provided a Social Context for Not
Feeling Alone With CIPN. Nine participants indicated that
they received “support” from the other trial participants,
via validation of CIPN symptoms and cancer survivorship
experience, with empathy, understanding, and support.
Camaraderie was cultivated through group practice and, at
times, was easier or more beneficial than home practice.
Four indicated that they appreciated the acknowledgment
of their CIPN symptoms and the long-standing impact on
their function and QOL. Five participants expressed that
the group dynamic allowed them to feel less alone with
their pain/experience, whereas other participants truly
understood the felt experience of CIPN more than friends
or families.

“I enjoy other participants. There is a level of comfort that the
others are experiencing symptoms similar to mine.” "—
Participant 5

“I feel better and love the people I've met. The empathy,
acceptance, and sense of community or a private club. Not one
1 would have joined willingly, but at least there is good

company. . . . I'm glad to be doing something normal.”—
Participant 10

“But nobody in my circle of friends has anything, like the
people in this room do and it’s good to know that I'm not the
only one out there and I'm not alone. And we 're all working for
something and you know it’s really important that I know that
you guys are out doing it and I'm doing it. It makes you want to
move forward with any kind of program and try to improve
what we have. "—Participant 9

Discussion

Mind-Body Therapies: Promising Intervention for
Functional Outcomes Associated With CIPN

The extensive use of integrative medicine among cancer
survivors is well documented in the literature and may
reduce both chronic pain and health care use.”””* Yoga, an
ancient practice originating in India 5000 years ago, is
common among the general population and among cancer
survivors.”’* Yoga combines postures (asanas), breathing
exercises (pranayama), and meditation to cultivate con-
nection between the mind and body. Although the putative
mechanism of these interventions for improving musculo-
skeletal and neurological conditions is unknown, the con-
ceptual model proposed by Sherman et al”® suggests that
posture training may improve strength and flexibility,
meditation may decrease stress/anxiety associated with
pain, and the relaxation response related to breathing and
overall practice of yoga may result in modulation of the
neuroendocrine system through the hypothalamic-pitu-
itary-adrenal axis.” Furthermore, the group activities and
active engagement of the whole person in a movement
meditation practice may change cognitive appraisal and
improve self-efficacy related to pain.”®

Whereas evidence of the efficacy of yoga and medita-
tion for symptom management in cancer survivors is
emerging, especially for sleep, fatigue, social function,
and pain,****7>"72 we found no study that has addressed
these interventions for musculoskeletal-related func-
tional outcomes in CIPN. The existing literature in yoga
for neurological conditions in the general population is
also limited. In a study of participants with diabetic neu-
ropathy, Malhotra et al®® reported that a 40-day yoga pro-
gram improved nerve conduction velocity in the median
nerve. An 8-week yoga program improved balance, bal-
ance confidence, and occupational performance in par-
ticipants with diabetic neuropathy.® Although studies in
other populations experiencing neuropathy is promising,
no published studies have assessed the effects of yoga
with meditation on CIPN.

In this trial, we demonstrated the feasibility and safety of a
somatic yoga and meditation (SYM) intervention for CIPN as
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well as preliminary effects of functional outcome. Yoga and
meditation were well tolerated, and no adverse events occurred
during the study. This somatic-based yoga appears to improve
flexibility, balance, and QOL. Participants also reported
improvements in various functional activities of daily living
in addition to reduction in pain severity. Prior studies have
identified decreased salivary cortisol levels following muscle
relaxation and a connection between yoga and decreased sali-
vary cortisol levels in cancer survivors.* Additionally,
research has shown decreased salivary cortisol levels follow-
ing muscle relaxation.*® In somatic yoga, muscles are volun-
tarily relaxed, which may reduce cortisol levels."’

Vibration sense was enhanced with somatic yoga because
the emphasis was placed on body awareness, with greater
perception of the intrinsic musculature of the foot and sen-
sation perception. We assume that increased simultaneous
antagonistic muscle activation may be used as a safety strat-
egy in the presence of joint stiffness to compensate for neu-
romuscular degradation.® Thus, sensorimotor training has
the potential to influence neuromuscular mechanisms in
order to improve sensorimotor perception and, ultimately,
balance performance. Therefore, yoga focusing on somatic
awareness should be evaluated as a possible treatment strat-
egy for CIPN.

CIPN causes balance impairments and leads to changes
in elicitability and sensitivity of spinal reflex circuitry asso-
ciated with postural instability. The use of cortisol as a
stress biomarker in functional performance and perception
of pain may confirm physiological relaxation through yoga
and meditation. The improved trends in perceived stress,
quality of sleep, fear of falling, and QOL may confirm stress
reduction as measured by cortisol. Further research is
needed to explore the utility of cortisol as a biomarker in
cancer survivors with CIPN.

Our qualitative findings support previous research by
Tofthagen,* where similar participants initially described
variability in neuropathic symptoms, muscle weakness, and
loss of balance. This interfered with activities of daily liv-
ing, and participants voiced feelings of frustration and loss
of enjoyable activities.*” Our trial was able to demonstrate
the renewed interest in activities and overall improvement
in function. Thus, our quantitative findings of improved
function through balance, flexibility, and mobility were
confirmed through qualitative themes. Furthermore, the
translation of these skills was noted in everyday activities,
thereby improving QOL overall. Whereas the BPI was nota-
bly reduced, the qualitative theme articulates a unique pain
pattern perception of CIPN through this intervention.
Further research is needed to explore the underlying mecha-
nisms for optimal pain management. Punch biopsy may
provide physiological insight into the description of vacilla-
tion of pain over time.”

The FR test of balance was used in published research
in persons with chronic low back pain and in other studies

of cancer survivors, with improvements noted postinter-
ventions.”?***! People with reduced ability to reach are 8
times more likely to fall than those with a reach of more
than 25.4 cm.* In our study for CIPN, baseline functional
measures showed that 80% of the participants had a reach
of <25.4 cm and were, thus, at risk for falls. After the
8-week yoga intervention, none remained at risk. Other
associated comorbidities may affect balance, including
postural instability.”> Balance and fall risk have a direct
correlation to functional outcomes and potential disabili-
ties and warrant further investigation.

Our participants reported chemotherapeutic treatment of
their cancers with interventions, including taxanes,” plati-
num-based drugs, and vinca alkaloids; 50% of all leukemia,
lymphoma, colorectal, and breast cancer patients experience
peripheral neuropathy.”**® The ASCO provides evidence-
based guidance on the optimum prevention and treatment
approaches in the management of CIPN in adult cancer sur-
vivors. There are no agents recommended for the prevention
of CIPN, and the best available data support a moderate rec-
ommendation for treatment with duloxetine for those with
CIPN. Drug trials, including tricyclic antidepressants, gaba-
pentin, and a compounded topical gel containing baclofen,
amitriptyline, and ketamine, are inconclusive regarding
treatment for other neuropathic pain syndromes.”” Thus,
nonpharmacological approaches, such as SYM, for CIPN
management, are warranted. Yoga and meditation may be a
feasible and accessible cost-effective intervention for man-
agement of these drug toxicities, with further research into
home versus studio practice efficacy indicated based on our
participant feedback.

Fall risk increases with each cycle of chemotherapy, and
patients receiving taxanes may be at greater risk than
patients receiving neurotoxic platinum-based drugs.
Patients who report muscle weakness, loss of balance, and
long-term persistence of decreased mobility may be at
risk."**** Our study showed that fall risk was reduced
through yoga and meditation. Use of our primary clinical
functional measures (FR, SR, and TUG) provided reason-
able, low-cost analysis of functional change over time,
although future studies must include a control group with
blinding of assessors to reduce bias in measurement. Similar
to previous research,'” we did not find significant effects
on fear of falling. Given the duration of CIPN symptoms in
our population, perhaps sustained use of yoga is necessary
to enhance self-confidence in mobility.

Use of evidence-based traditional exercise in conjunc-
tion with mindful movement practices, including yoga and
meditation may be beneficial for individuals suffering from
CIPN. Traditional exercise interventions can improve static
and dynamic balance, increase strength, and reduce CIPN
symptoms of pain and paresthesia, which could reduce falls
and improve QOL.'""!? Sensorimotor exercise during che-
motherapy as measured by posturography has a positive
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effect on physical and psychological parameters in breast
cancer patients undergoing neurotoxic chemotherapy with
paclitaxel.'**!%

A multimodal exercise program, including balance and
strength training, increased QOL for stage IV colorectal
cancer patients with CIPN.'™ Use of lower-limb closed
kinematic chain exercise is also effective in reducing symp-
toms of neuropathy and improving balance.'” A recent sys-
tematic review found that specific exercise, including
endurance, strength, and sensorimotor training, for cancer
patients with CIPN undergoing chemotherapy should be
recommended because these interventions appear to be fea-
sible and have been demonstrated to be useful strategies to
counteract some CIPN-related limitations.'” However, if
traditional exercise is not feasible or attainable by individu-
als living with CIPN, this yoga and meditation protocol
may provide mitigation of pain and improved function as a
precursor to a multimodal exercise regimen.

Yoga positions and relaxation breathing have been found
to significantly reduce fatigue and pain levels, in addition to
increasing levels of vigor, acceptance, and relaxation.'””'%”
Our pilot research shows that our participants experienced
several physiological benefits from SYM. However, a ran-
domized clinical trial is necessary to confirm the true impact
of yoga for CIPN.

Limitations

There are several limitations of the study, including lack of
diversity, no assessor blinding, small sample size, and lack
of a control group. Our sample size did meet our original
intent, and we enrolled 10 of 14 eligible participants, which
is appropriate for a small group intervention that must
accommodate the particular needs of participants with vari-
ous comorbidities. In terms of retention, all 10 participants
completed written patient-reported outcomes, including
journaling, with 8 of 10 completing clinical outcome mea-
sures. Success in retention requires a multimodal approach
via regular communication and support; we are thus unable
to rule out the impact of group social support in our findings
along with the Hawthorne effect.

This open-label, single-arm pilot study aimed at estab-
lishing feasibility and preliminary effects. A diverse com-
munity-based recruitment is challenging, and despite
outreach to physicians in the area, most recruitment
response was garnered through social media, fliers, and
email correspondences. The lack of a control group negates
the ability to exclude that findings were a result of placebo
effect or regression to the mean. We did not measure long-
term follow-up data after the intervention was completed to
determine the sustainability of the structured sessions and
home yoga-based program, and this would be important for
future studies. Whereas recruitment and retention were
demonstrated to be feasible, attendance was difficult for

some participants, and a larger RCT may afford opportuni-
ties for further subanalysis for efficacy of home versus in-
studio practice benefits.

There is a risk of bias because assessors of the clinical
measures were not blinded; however, we allocated different
assessors at the completion of the study to reduce clinician
bias. Research assistants were not privy to baseline data
information during pretest/posttest data collection.
Therefore, future designs should include an adequate sam-
ple size for an RCT, with control group and blinding of
assessors. To increase diversity, future recommendations
include representation of all gender identities, an equal bal-
ance of cancer diagnoses with CIPN, and inclusion of all
socioeconomic levels and ethnic representation.

We are unable to discern which aspects of the bundled
SYM protocol had greatest impact, which would need a
multiarm study. Recommendations for protocol revision
would include increased options for variations in bilateral
somatic hip movements to better accommodate various
functional ability levels. Further suggestions include use of
a separate video recording for the home program because
our participants were most adherent to this aspect of the
home practice and expressed a desire for a visual reference.
This type of early-phase yoga trial offers an important
opportunity to test recruitment and retention strategies and
to refine the intervention protocol. Only by accomplishing
such a step can we appropriately design and power a ran-
domized controlled study of yoga and meditation for pain
management and measurement of functional outcomes and
QOL for individuals with CIPN.

In summary, we have conducted a successful feasibility
trial of SYM to treat CIPN and its associated effects on
function, balance, and fall risk. Few mind-body interven-
tion studies have been performed to address this clinical
problem, and we believe that our effort is an important first
step in demonstrating the feasibility of rigorous evaluation
of yoga and meditation for this indication. Future RCTs are
needed to establish the comparative efficacy of SYM to
address CIPN-related fall risk, function, and QOL, which
affect many cancer survivors.

Conclusion

Cancer survivors with CIPN have sensory and motor defi-
cits leading to inappropriate proprioceptive feedback,
impaired postural control, and fall risk. SYM may improve
clinical measures and patient-reported symptoms in cancer
survivors with CIPN. Although results should be interpreted
cautiously because of the small sample size, this pilot trial
has shown preliminary evidence that yoga and meditation
with a focus on somatic awareness has positive therapeutic
effects for cancer survivors with CIPN. This can enhance
QOL and produce significant improvement in vibration
sense and functional measures of flexibility, balance, and
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mobility outcomes. A fully powered, randomized clinical
trial is needed to confirm these results.
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