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Abstract

Purpose To determine the feasibility of implementing a yoga intervention for cancer survivors with chronic CIPN pain, as
well as the impact of the intervention on patient-reported outcomes.

Methods Cancer survivors with chronic CIPN pain were recruited from the breast, gastrointestinal, and gynecological oncol-
ogy centers at Dana-Farber Cancer Institute. Participants were randomized (2:1) to receive an 8-week yoga intervention or
usual care. After 21/50 of participants were enrolled, the COVID-19 pandemic required the yoga intervention to be deliv-
ered virtually (i.e., Zoom). Pre- and post-intervention, participants self-reported CIPN and co-occurring symptom severity.
Adherence to the intervention was defined as practicing > 12 yoga sessions over the 8-week intervention period. Changes in
patient-reported outcomes between groups were compared using Wilcoxon’s rank-sum tests.

Results Participants (n=28 yoga, n=16 control) were mainly female (96%) and diagnosed with stage III/IV disease (66%).
Overall, 19/28 (67.8%) of yoga group participants were adherent to the yoga protocol. Yoga group participants experienced
significant within-group improvements in all patient-reported outcomes, including worst CIPN pain (median change= —1.7,
p<0.0001) and sensory CIPN (median change = —14.8, p <0.0001), but only improvements in fatigue (p =0.05) and depres-
sion (p =0.04) were significant compared to the control. There were no differences (p > 0.05) in changes in patient-reported
outcomes between in-person (n=06) or virtual (n = 15) yoga group participants.

Conclusions Yoga is a feasible non-pharmacological modality for cancer survivors with CIPN, but more information is
needed regarding its impact on CIPN and other symptom:s.

Trial registration ClinicalTrials.gov Identifier: NCT03824860

Implications for Cancer Survivors Oncology clinicians may consider referring cancer survivors to yoga for chronic CIPN
pain, but yoga cannot be currently recommended as an efficacious treatment.

Keywords Yoga - Chemotherapy-induced peripheral neuropathy - Neoplasms - Randomized controlled trial [publication
type] - Cancer survivors - Integrative oncology

P4 Robert Knoerl * The Leonard P. Zakim Center for Integrative Therapies
Robert_knoerl @dfci.harvard.edu; rjknoerl @med.umich.edu and Healthy Living, Dana-Farber Cancer Institute, Boston,
MA, USA
! Phyllis F. Cantor Center for Research in Nursing and Patient 5

Biobehavioral Nursing and Health Informatics, University

Care Services, Dana-Farber Cancer Institute, 450 Brookline of Washington, Seattle, WA, USA

Ave, LW 518, Boston, MA 02215, USA
Department of Medical Oncology, Dana-Farber Cancer

Present Address: University of Michigan School of Nursing, Institute. Boston. MA. USA

400 North Ingalls St, Office 2350, Ann Arbor, MI 48109,
USA

Division of Biostatistics, Department of Data Science,
Dana-Farber Cancer Institute, Boston, MA, USA

@ Springer


http://orcid.org/0000-0002-6996-5068
http://crossmark.crossref.org/dialog/?doi=10.1007/s11764-021-01081-z&domain=pdf

Journal of Cancer Survivorship (2022) 16:882-891

883

Introduction

Chemotherapy-induced peripheral neuropathy (CIPN),
which commonly manifests as numbness, tingling, and pain
in the hands or feet, is one of the most common sources of
long-term morbidity in cancer patients treated with chemo-
therapy. Approximately 35% of patients experience painful
CIPN symptoms for more than 3 months after the comple-
tion of neurotoxic chemotherapy treatment (e.g., taxanes
or platinums) [1], impairing physical function long after
treatment completion [2]. Functional impairments related
to CIPN are associated with an increased risk of falls [3],
difficulty completing daily activities [4], and an inability to
return to work [5]. In addition, painful CIPN symptoms may
cluster together with symptoms such as sleep disturbance,
anxiety, fatigue, and depression [6, 7].

Although the negative effects of CIPN are well docu-
mented, there remains an urgent need for the development
and identification of efficacious treatments for CIPN. The
American Society of Clinical Oncology concluded that only
duloxetine 60 mg/day[8] can be recommended for painful
CIPN [9]. However, evidence suggests that duloxetine is
infrequently prescribed for painful CIPN [10] due to dif-
ficulties such as securing insurance payment [11]. Cancer
survivors with CIPN are twice as likely to be prescribed opi-
oids than those without CIPN [12], despite the lack of data
supporting the use of opioids for this condition. Therefore,
investigation of novel, non-pharmacological treatments for
CIPN is warranted.

Yoga is a mind—body intervention that incorporates phys-
ical postures, breathing, and meditation to increase flexibil-
ity and strength, relaxation, and body awareness [13, 14].
Yoga’s focus on improving strength and balance is applica-
ble to cancer survivors with chronic CIPN pain because such
individuals may be at an increased risk of fall due to lower
extremity sensory or motor CIPN symptoms. Yoga has also
been shown to improve cancer treatment-related symptoms
such as fatigue and sleep disturbance [15], symptoms that
are known to cluster with painful CIPN [6, 7].

The primary purpose of this pilot study was to deter-
mine the feasibility of implementing an 8-week yoga
intervention in cancer patients with chronic CIPN pain by
evaluating participant recruitment, retention, and adher-
ence rates. A secondary aim was to characterize within-
and between-group changes over the §-week intervention
period with regard to worst CIPN pain intensity, CIPN
severity, physical function, sleep-related impairment, anx-
iety, depression, and fatigue among cancer survivors with
chronic CIPN pain who received the yoga intervention or
treatment as usual.

Methods
Design, setting, and sample

A parallel, randomized controlled trial was employed to
investigate the study aims. Patients with chronic CIPN
pain were recruited from the breast, gastrointestinal, and
gynecological oncology centers at the Dana-Farber Cancer
Institute. Participants were eligible if they were English-
speaking adults (i.e., > 18 years old) diagnosed with stage
I-IV breast, colorectal, or gynecologic cancer, and at least
3 months post-taxane or platinum-based chemotherapy with
a self-reported >4/10 worst CIPN pain over the past week
[16]. Participants were ineligible if they had a prognosis
of less than 3 months, had documented neuropathy due to
other causes (e.g., diabetes), planned to receive ongoing neu-
rotoxic chemotherapy during the study, had a diagnosis or
documented history of significant psychiatric comorbidity
(i.e., psychosis, suicidal ideation, or substance abuse) [16],
or practiced yoga an average of >45 min per week over the
past 6 months. The study was approved by the Dana-Farber/
Harvard Cancer Center Institutional Review Board.

Treatment groups

Yoga Participants randomized to the intervention arm were
treated with an 8-week yoga program consisting of thera-
pist-guided and self-guided yoga components. Participants
attended in-person yoga sessions offered through the Leon-
ard P. Zakim Center for Integrative Therapies and Healthy
Living at Dana-Farber (Zakim Center) and had access to pre-
recorded yoga sessions developed for the study by a yoga
therapist (JB) at the Zakim Center. Participants received
an initial one-on-one in-person meeting with a yoga ther-
apist to review proper form and goals for yoga participa-
tion before beginning the intervention. Yoga sessions were
45 min in length, were taught by a certified yoga therapist,
and consisted of guided breathing exercises, upper and lower
extremity stretching, and structured postures and movements
to improve balance and strength (Online Resource 1). For
the self-guided component, the study team recorded yoga
sessions and a segment about hand and foot stretches. All
videos were made available to participants electronically via
email. All yoga group participants received yoga balls and
blocks to facilitate at-home practice. To enhance adherence
to the intervention, study staff made weekly calls to par-
ticipants to discuss yoga practice and participants received
free parking vouchers when attending yoga sessions at the
Zakim Center.

After 21 participants were enrolled, the Zakim Center
closed to in-person sessions due to the COVID-19 pandemic.
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Following the closure, the initial session with the yoga ther-
apist and all yoga sessions were offered via livestreamed
sessions on Zoom. Participants were considered to have
attended an “in-person” yoga class if they attended the
livestreamed Zoom class. During the pandemic, participants
still received weekly calls from study staff to discuss yoga
practice, but the yoga instructor could not directly observe
participants’ practice as yoga sessions were provided as
webinars to preserve patient privacy.

Wait-list control Control group participants received usual
care and symptom management strategies through their typi-
cal oncology provider during the study. Control group par-
ticipants did not receive any study treatment or intervention.
After the 8-week study period, the control group participants
were encouraged to attend the yoga sessions offered by the
Zakim Center and were provided with access to the virtual
yoga videos.

Measures

Feasibility Feasibility was defined a priori as (1) recruitment
over 1.5 years (~3 recruited per month), (2) completion of
baseline and end of study outcome measures by > 60% of
participants, and (3) attendance at > 12 in-person (or live
Zoom sessions during the COVID-19 pandemic) or self-
guided/at-home yoga sessions during the 8-week study
period by >60% of participants. An at-home session was
defined as yoga practice of at least 15 min or more over
the course of a week. Yoga group participants completed
a weekly exercise log to collect information about the fre-
quency of yoga practice, other exercise and symptom man-
agement strategies, and study-related adverse events.

Patient-Reported Outcome Measures Participants self-
reported worst CIPN pain intensity for seven consecutive
days using a 0—10 numerical rating scale of pain intensity
[17, 18]. Several Patient-Reported Outcome Measurement
Information System (PROMIS®) short-form instruments [19]
were also used to measure pain interference (PROMIS® Pain
Interference 4a) [20], sleep-related impairment (PROMIS®
Sleep-related Impairment 8a) [21], anxiety (PROMIS® Anx-
iety 4a) [22], fatigue (PROMIS® Fatigue 4a) [23], depres-
sion (PROMIS® Depression 4a) [22], and physical function
(PROMIS® Physical Function 4a) [24]. Higher scores on all
measures except the Physical Function 4a represented worse
symptom severity. CIPN severity was measured using the
sensory and motor subscales of the European Organization of
Research and Treatment of Cancer Quality of Life Question-
naire-Chemotherapy-Induced Peripheral Neuropathy (QLQ-
CIPN20) [25]. The QLQ-CIPN20 is a twenty-item instru-
ment that measures self-reported severity and functional
limitations in sensory (e.g., numbness, tingling, pain), motor
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(e.g., extremity weakness), and autonomic (e.g., dizziness)
domains. Each subscale is scored on a transformed score of
0-100 (worse symptoms) [25]. Both the sensory (a=0.88)
and motor (x=0.88) subscales have demonstrated sufficient
internal consistency reliability [26]. Evidence supports the
divergent validity of the sensory and motor subscales based
on their ability to discriminate neuropathy severity between
participants who had and who had not received neurotoxic
chemotherapy [26]. The autonomic subscale was not admin-
istered because the subscale demonstrates poor psychometric
properties [26, 27].

Procedures

Participants completed the demographic questionnaire, pain
intensity diary, PROMIS® measures, and the QLQ-CIPN20
within 10 days after consent. After completing the baseline
measures, participants were randomized in a 2:1 ratio using
a computer-generated random numbers table. The randomi-
zation was stratified according to baseline pain intensity
diary scores (<7 or>7). A statistician (AGH) generated the
random numbers table. Throughout the 8-week study period,
yoga group participants completed the weekly exercise log.
After the study period, participants completed the pain
intensity diary, PROMIS® measures, and QLQ-CIPN20.
Study staff also abstracted information regarding partici-
pants’ cancer type and stage, chemotherapy, and comorbid
conditions from the medical record.

Statistical analysis

The primary aim of this pilot study was feasibility. The
observed recruitment, retention, and adherence rates were
estimated along with two-sided 80% exact confidence inter-
vals (Cls). For the secondary aims, estimates of changes in
patient-reported outcomes were calculated using an intent-
to-treat approach. Demographic and patient-reported out-
comes were summarized with descriptive statistics. Within
each treatment arm, the paired change in outcome scores
from baseline to the end of study was compared with zero
using Wilcoxon’s signed-rank tests, and the difference in
the paired change in scores between treatment arms was
compared using Wilcoxon’s rank-sum tests. Due to the
switch in intervention format during the study, compari-
sons of changes in patient-reported outcomes between the
yoga intervention formats were also explored using Wil-
coxon’s rank-sum tests. Statistical significance was defined
as p<0.05 and there were no adjustments for multiple
comparisons.

Sample size considerations With a target sample size of 50
participants, the exact 80% confidence interval (CI) for the
rate of study completion would have been no wider than
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19.9%. Further, with approximately 33 participants ran-
domized to the yoga intervention, the exact 80% (CI) for
adherence measures would have been no wider than 24.7%.
For assessment of changes between the randomized groups
during the 8-week intervention, a Wilcoxon rank-sum test
with two-sided, 0.1 type I error had 80% power to detect a
difference in change scores that is 0.80 times the common
standard deviation.

Results
Sample characteristics

Figure 1 displays the study flow diagram [28]. Overall,
50 participants were consented, and 45 were randomized

Fig. 1 Consort flow diagram.

The figure describes yoga and [
control group participants’

progress through the study

Enroliment ]

(yoga n=29, control n=16). Five participants did not
complete baseline study measures and were lost to follow-
up between registration and randomization. One patient
was found to be ineligible after randomization, leaving
a total sample size of 44 patients (yoga n =28, control
n=16). The reduction in sample size increased the maxi-
mum confidence interval widths for study completion and
intervention compliance to 21.2% and 27.0%, respectively,
and the detectable effect size between randomized groups
to 0.835. Table 1 describes the demographic characteris-
tics of the 44 eligible randomized participants. Partici-
pants’ demographic characteristics and patient-reported
symptom severity were generally well balanced between
the randomized arms, but yoga group participants had sig-
nificantly higher depression severity than control group
participants (p =0.007) at baseline.

Assessed for eligibility (n=1205)

Excluded (n=1160)

.| ¢ Did not meet inclusion criteria (n=1090)
+ Declined to participate (n= 55)

+ Other reasons (n=15)

A4

Consented (n=50)

_| Not randomized (n=5)
+ Did not complete baseline measures

\

Randomized (n=45)

A4

A

[ Allocation ]

A4

Allocated to yoga intervention (n=29)

+ Did not receive yoga intervention (n=2)
- Not interested in yoga after consent
- COVID-19 concerns/not feeling well

Allocated to control intervention (n=16)
+ Received control intervention (n=16)

l

[ Follow-Up ]

A 4

Lost to follow-up (could not contact) (n=1)

Discontinued yoga intervention (n=2)
- Disease/recurrence/too ill to do yoga
- Too busy to continue yoga

A4

Lost to follow-up (could not contact) (n=1)

Discontinued control intervention (n=1)
- Began neurotoxic chemotherapy

[ Analysis

Completed outcome measures (n=23)
+ Excluded from analysis (n=1)
- Found to be ineligible during the
study period

v

Completed outcome measures (n=14)
+ Excluded from analysis (n=0)
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Table 1 Baseline demographic
characteristics of participants
randomized to the yoga or
control groups

Characteristic Yoga (n=28) Control (n=16)
Age
Median (range) 60 (33-74) 56.5 (40-79.0)
Sex
Female 27 (96.4%) 15 (93.8%)
Male 1(3.6%) 1(6.3%)
Race
Missing 1(3.6) 0
Asian 1(3.6%) 1 (6.3%)
Black or African American 3 (10.7%) 2(12.5%)
White 22 (78.6%) 13 (81.3%)
Unknown or do not wish to report 1(3.6%) 0
Ethnicity
Missing 1(3.6) 0
Hispanic or Latino 2(7.1%) 0
Not Hispanic or Latino 25 (89.3%) 16 (100%)
Cancer type
Breast 9 (32.1%) 5(31.3%)
Gastrointestinal® 7 (25%) 3(18.8%)
Gynecologicalb 10 (35.7%) 8 (50%)
Multiple 2(7.1%) 0
Cancer stage
Stage I 4 (14.3%) 2 (12.5%)
Stage 11 5(17.9%) 3 (18.8%)
Stage III 10 (35.7%) 9 (56.3%)
Metastatic 8 (28.6%) 2 (12.5%)
Unknown or missing 1 (3.6%) 0
Chemotherapy type
Oxaliplatin 7 (25%) 3 (18.8%)
Taxanes 9 (32.1%) 4 (25%)
Taxanes and platinums 12 (42.9%) 9 (56.2%)

Time since last neurotoxic chemotherapy infusion

Median (range)
Risk factors for CIPN

No

Yes©

242.5 (92-1423) 249.5 (105-1708)

Number of minutes of yoga in the last 7 days at baseline

Median (range)

6 (21.4%) 6 (37.5%)
22 (78.6%) 10 (62.5%)
0 (0-30) 0 (no range)

Note:

4Gastrointestinal malignancies included colorectal, pancreas, gastroesophageal junction, small bowel, and

extrahepatic bile duct

Gynecological malignancies included ovarian, endometrium, uterine, and fallopian tube

“The most frequent potential risk factors for CIPN included anxiety, arthritis, depression, and obesity

Feasibility of study recruitment and adherence

to the yoga intervention

Participant recruitment occurred from August 6, 2019, to
November 17, 2020. Accrual was paused from March 11,
2020, to May 31, 2020, due to the COVID-19 pandemic,
resulting in an overall accrual rate of 3.45 participants per
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month (44/12.7). Eighteen participants were enrolled during
the 7.2 months prior to the COVID-19-related recruitment
pause (2.5 participants per month) and 26 patients in the
5.6 months following the recruitment pause (4.6 partici-
pants per month). Reasons for declining study participation
included commuting (pre-COVID) and lack of interest in
yoga/virtual yoga (during COVID).
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Thirty-five of 44 participants (79.5%, 80% CI: 70 to 87%)
completed baseline and end of study measures, and 19/28
participants (67.8%, 80% CI: 54 to 80%) randomized to the
yoga arm completed > 12 yoga sessions. Yoga participants
completed an average of 15 sessions (SD=11, range =0-38)
over the 8-week study period. Prior to the COVID-19 pan-
demic, 33% (3/9) of participants randomized to the yoga
group completed > 12 sessions, whereas 87.5% (14/16)
of participants completed > 12 sessions during the pan-
demic. Three yoga group participants were on study when
the Zakim Center closed due to the pandemic and were

instructed to practice the self-guided components only until
the livestreamed sessions became available. Adverse events
reported by participants that may have been related to yoga
included foot pain, Achilles tendonitis, and back pain.

Impact of yoga on Patient-Reported Outcome
Measures

Table 2 describes the changes in CIPN and co-occur-
ring symptoms over the 8-week intervention period
(yoga n=23, control n=14). Yoga group participants

Table 2 Median (range) scores for secondary outcomes by treatment group (yoga N=23, control N=14)

Outcomes Median (range)* Estimate of median change (range, p) Comparison of
change between
Yoga Control Yoga Control groups (p)
Worst CIPN pain®
Baseline 5.9 (3.0-9.1) 5.9 (3.6-8.1)¢ —1.7(=7.1t00.6,p<0.0001)*  —1.6 (—4.1t0 2.0, p=0.04)%* 0.74
Eight weeks 4.0 (0-8.1) 4.2 (1.0-9.0)¢
CIPN sensory®
Baseline 48.1 (14.8-85.2) 42.6 (22.2-81.5) —14.8(—40.7t011.1, —11.1 (—40.7to0 11.1, 0.42
Eight weeks 37.0 (7.4-88.9) 31.5(74-667)  P<0.000D)* p=0.003)*
CIPN motor”
Baseline 33.3(0-91.7) 25.0 (4.2-66.7)  —8.3 (—45.81t033.3, —8.3(-29.2t08.3, p=0.002)* 0.73
Eight weeks  25.0 (0-58.3) 16.7 (0-37.5) p=0.0004)*

Pain interference®

Baseline 59.9 (41.6-75.6) 59.2(52-66.6)  —4.6(-222t0 112, p=0.002)* —4.2(-183105.6,p=0.03)*  0.99
Eight weeks 53.9 (41.6-69.7) 54.8 (41.6-71.6)

Physical function®
Baseline 40.5 (33.2-57)  42.7(30.5-48.3) 3.5 (=7.6t0 19.1, p=0.003)* 1.7 (-=11.6 to 11.6, p=0.22) 0.49
Eight weeks 455 (31.9-57)  44.5 (31.9-57)

Anxiety®
Baseline 57.7 (40.3-71.2) 53.5(40.3-71.2) —5.6(—=23.1t010.2, 0(=19.2to0 15.5, p=0.65) 0.13
Eight weeks 51.2 (40.3-71.2) 51.2(40.3-71.2)  p=0.0007)*

Depression”
Baseline 53.9 (41.0-63.9) 45.0 (41.0-53.9) 0(—12.9t04.9, p=0.01)* 0 (—10.8 to 19.5, p=0.50) 0.04%
Eight weeks  49.0 (41.0-63.9)  49.0 (41.0-60.5)

Sleep impairment”

Baseline 59.3 (35.2-66.3) 55.1 (35.2-71.9) —-5.0(-25.1t024.6,p=0.02)* —1.2(-10.0to 10.4, p=0.79) 0.10
Eight weeks 50.3 (30.0-69.5) 54.8 (38.7-69.5)

Fatigue®
Baseline 55.1 (33.7-75.8) 53.1(43.1-71.6) —6.5(—14.9t021.4,p=0.002)* —1.4(-13.6t09.6,p=0.42) 0.05%
Eight weeks 48.6 (33.7-66.7) 53.1 (43.1-71.6)

Note:

*Increasing scores for the specified variables indicate worse symptoms, except for physical function, where higher scores represent greater func-

tion

®For the estimate of median change, negative estimates indicate improvements in symptom severity, whereas positive estimates indicate worsen-

ing of symptom severity over time

“For the estimate of median change, negative estimates indicate that function worsened over time, whereas positive estimates indicate that func-

tion improved over time
dp=12

“Statistically significant (p <0.05) change from baseline to end of study
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experienced significant improvements in worst CIPN
pain (p <0.0001), sensory CIPN (p <0.0001), motor
CIPN severity (p =0.0004), physical function (p =0.003),
and pain interference (p =0.002) from baseline to the
8-week follow-up, but the improvements were not statis-
tically significant relative to the control group (p > 0.05).
Yoga group participants experienced statistically signifi-
cant improvements in depression (p =0.04) and fatigue
(p =0.05) relative to control group participants. Yoga
group participants also experienced improvements in
sleep-related impairment (p =0.10) and anxiety (p =0.13),
relative to controls, although this did not meet statistical
significance.

Virtual versus in-person yoga

Table 3 describes changes in CIPN and co-occurring symp-
toms over the 8-week intervention period among cancer
survivors with chronically painful CIPN who participated
in the virtual (n=15) or in-person (n=6) yoga formats. Two
patients from the overall yoga sample were removed from
these analyses because they were on study at the onset of
the COVID-19 pandemic and participated in both the in-
person and virtual yoga formats. There were no statistically
significant differences in mean change scores in CIPN or co-
occurring symptoms between the in-person or virtual yoga
intervention participants.

Table 3 Median (range) scores for patient-reported outcomes by yoga format (virtual yoga, n=15; in-person yoga, n=06)

Outcomes Median (range)* Estimate of median change (range) Comparison of
- - change between
In-person Virtual In-person Virtual groups (p)

Worst CIPN pain®
Baseline 5.3(3.0-9.1) 5.7 (3.6-8.1) —-1.2(-4.3-0.6) —-1.7(-7.1t00.4) 0.61
Eight weeks 3.9 (1.0-8.1) 4.0 (0-5.6)

CIPN sensory®
Baseline 62.7 (25.9-717.8) 44.4 (14.8-81.5) —13.0(-29.6t0 3.7) —11.1(—-40.7to 11.1) 0.72
Eight weeks 37.0 (11.1-66.7) 29.6 (7.4-88.9)

CIPN motor”
Baseline 31.3(12.5-71.4) 29.2 (0-70.8) —13.7 (—33.3t033.3) —-8.3(—399108.3) 0.69
Eight weeks 22.9(8.3-52.4) 20.8 (0-58.3)

Pain interference®
Baseline 58.5 (49.6-63.8) 61.2 (41.6-69.7) —-58(—19.6t011.2) —4.6 (—22.21t08.0) 0.78
Eight weeks 53.0 (41.6-69.7) 53.9 (41.6-63.8)

Physical function®
Baseline 39.9 (35.6-45.5) 43.5(33.2-57.0) 43(=7.6t09.1) 3.5(=4.3t019.1) 0.66
Eight weeks 43.0 (35.648.3) 48.3 (31.9-57.0)

Anxiety®
Baseline 57.7 (51.2-63.4) 57.7 (40.3-71.2) —-2.0(-10.9to0 10.2) —6.5(-1741t03.9) 0.21
Eight weeks 57.6 (40.3-63.4) 40.3 (40.3-71.2)

Depression®
Baseline 53.2 (41-63.9) 53.9 (41-63.9) 0(—-8.3t04.9) 0(=129t0 1.7) 0.92
Eight weeks 53.9 (41-57.3) 49.0 (41.0-63.9)

Sleep impairment”
Baseline 58.2 (38.7-62.3) 58.2 (35.2-66.3) —5.7(—13.4t024.6) —22(-216t07.1) 0.99
Eight weeks 55.6 (43.6-63.3) 50.3 (30.0-69.5)

Fatigue®
Baseline 56.1 (33.7-64.6) 55.1 (43.1-75.8) —-7.8(—13.6t021.4) —5.5(-14.9106.0) 0.45
Eight weeks 49.8 (46-55.1) 48.6 (33.7-66.7)

Note:

*Increasing scores for the specified variables indicate worse symptoms, except for physical function, where higher scores represent greater func-

tion

PFor the estimate of median change, negative estimates indicate improvements in symptom severity, whereas positive estimates indicate worsen-
ing of symptom severity over time

For the estimate of median change, negative estimates indicate that function worsened over time, whereas positive estimates indicate that func-
tion improved over time
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Discussion

This pilot study demonstrated the feasibility of a yoga inter-
vention in a group of cancer survivors with chronic CIPN
pain, as well as potential benefits for patient-reported out-
comes in this population. Participants were more willing
to participate in a virtually delivered yoga intervention as
accrual and adherence to the virtually delivered yoga inter-
vention were greater than accrual and adherence to in-person
yoga. Seemingly, a major reason for participants willing-
ness to prefer virtually delivered yoga is that it addressed
travel barriers associated with in-person integrative oncol-
ogy treatment delivery [29]. For example, the Zakim Center
transitioned all clinical integrative oncology programming
from in-person to virtual (i.e., livestreamed or on demand)
in response to the onset of the COVID-19 pandemic and
found that attendance increased by ~647% during the first
6 months of the COVID-19 pandemic (virtual offerings) in
comparison to the 6 months prior to the onset of the COVID-
19 pandemic (in-person offerings) [30]. The virtual yoga
intervention tested in this study is scalable, making it ideal
for future studies among diverse populations, including rural
residents, who may face travel barriers to oncology symptom
management care.

Yoga participants, but not control group participants,
experienced improvements in anxiety and fatigue that were
within or exceeded the range of published minimally impor-
tant differences (MID) for the PROMIS® anxiety (MID
range =3.0-4.5) and fatigue (3.0-5.0) short forms in patients
with cancer [31]. Yoga group participants’ improvements
in physical function neared the MID (MID range =4.0-6.0)
[31]. Changes in sleep-related impairment were also of sig-
nificant magnitude, but there are no published data regarding
MID for score changes. Although the small numbers reduced
power for these comparisons, there were no significant dif-
ferences in changes in CIPN or co-occurring symptoms
between participants engaging in the yoga program virtu-
ally or in-person.

Our findings can be compared with results reported by
Bao et al. (2020), who randomized 41 breast or gyneco-
logical cancer survivors with chronic CIPN symptoms to an
8-week yoga intervention or usual care. In this study, which
combined in-person and at-home practice 7 days per week,
yoga group participants experienced a 1.95-point reduction
in CIPN pain intensity, but the change was not significant in
comparison to the control group (p=0.14) [32]. Our study
demonstrated significant within-group changes in sensory
CIPN, but we did not observe statistically significant dif-
ferences between arms like Bao et al. (p =0.035) [32]. In
aggregate, our study and the study by Bao and colleagues
[32] suggest that yoga may be a promising treatment for
cancer survivors with chronic CIPN pain, but a number of

unanswered questions remain, including determining the
optimal yoga dose and selecting an appropriate active con-
trol comparison [33].

Implications for practice

Currently, painful CIPN is mainly managed through pharma-
cologic treatment (e.g., pregabalin, duloxetine, or gabapen-
tin) [34]. The use of yoga for painful CIPN management is
relevant to oncology clinicians at the point of care as such
individuals are in prime positions to refer patients to non-
pharmacological interventions as part of comprehensive sup-
portive care for cancer treatment-related symptoms. Based
on preliminary evidence suggesting that yoga appears to be
a safe and feasible intervention for cancer survivors with
chronic CIPN pain, oncology clinicians may consider refer-
ring patients to yoga for chronic CIPN pain management.
Additional work will be needed to determine the efficacy
of yoga for painful CIPN before yoga can be widely recom-
mended as a treatment for chronic CIPN pain.

Limitations

There are several limitations to this pilot study. The study
was conducted in a mainly female, Caucasian, non-Hispanic
patient population at one academic medical center, thus
decreasing the external generalizability of the study findings.
There are several potential threats to the internal validity of
the study. The study was designed as a pilot feasibility trial
and thus was not powered to detect between-group changes
(i.e., yoga vs. control; in-person vs. virtual yoga) in patient-
reported outcomes. Additionally, participants’ symptom
severity and adherence to the yoga intervention throughout
the study were determined based on self-report alone. Par-
ticipants and study staff were not blinded to study group
assignment and participants in both groups were not pro-
vided matched attention (i.e., research staff only interacted
with yoga group participants during the study). Assignment
to the in-person and virtual yoga groups was driven by tim-
ing of enrollment in relation to the COVID-19 pandemic
and not through randomization. This could introduce poten-
tial bias; for example, it is possible that cancer survivors
in the in-person yoga format had disease or demographic
characteristics different from those in the virtual yoga for-
mat. Finally, the intervention format was altered during the
study period due to the COVID-19 pandemic, which com-
plicates the interpretation of the impact of yoga on symptom
outcomes.

Conclusion

The results of this pilot study demonstrated that implementa-
tion of a yoga intervention was feasible for cancer survivors
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with chronic CIPN pain. Despite the small sample size, yoga
led to statistically and/or clinically significant improve-
ments in several cancer treatment-related symptoms (i.e.,
depression, fatigue, sleep-impairment, anxiety) among can-
cer survivors with chronic CIPN pain. Virtually delivered
yoga demonstrated high levels of participant engagement.
Exploratory analyses suggested similar effects of virtu-
ally delivered and in-person yoga, but comparisons were
underpowered and unplanned. Given the potential of virtu-
ally delivered yoga to facilitate dissemination of yoga to
large groups of cancer survivors with CIPN, this approach
warrants future research to determine the efficacy of virtual
yoga to improve CIPN and co-occurring symptom severity
among cancer survivors in an adequately powered, rand-
omized controlled trial. The identification of an efficacious
and accessible non-pharmacological treatment for chronic
CIPN pain is essential to provide cancer survivors with an
alternative to pharmacological treatments to decrease CIPN
symptom severity, bolster quality of life, improve oncology
symptom management access, and reduce morbidity in the
thousands of cancer patients treated with taxanes and plati-
nums each year.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11764-021-01081-z.
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