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Abstract

Up to 50 % of breast cancer survivors on aromatase inhibitor therapy report musculoskeletal
symptoms such as joint and muscle pain, significantly impacting treatment adherence and
discontinuation rates. We conducted a secondary data analysis of a nationwide, multisite, phase
[1/111 randomized, controlled, clinical trial examining the efficacy of yoga for improving
musculoskeletal symptoms among breast cancer survivors currently receiving hormone therapy
(aromatase inhibitors [Al] or tamoxifen [TAM]). Breast cancer survivors currently receiving Al (N
=95) or TAM (N = 72) with no participation in yoga during the previous 3 months were
randomized into 2 arms: (1) standard care monitoring and (2) standard care plus the 4-week yoga
intervention (2x/week; 75 min/session) and included in this analysis. The yoga intervention
utilized the UR Yoga for Cancer Survivors (YOCAS©®) program consisting of breathing
exercises, 18 gentle Hatha and restorative yoga postures, and meditation. Musculoskeletal
symptoms were assessed pre- and post-intervention. At baseline, Al users reported higher levels of
general pain, muscle aches, and total physical discomfort than TAM users (all P < 0.05). Among
all breast cancer survivors on hormonal therapy, participants in the yoga group demonstrated
greater reductions in musculoskeletal symptoms such as general pain, muscle aches and total
physical discomfort from pre-to post-intervention than the control group (all P < 0.05). The
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severity of musculoskeletal symptoms was higher for Al users compared to TAM users. Among
breast cancer survivors on hormone therapy, the brief community-based YOCAS©® intervention
significantly reduced general pain, muscle aches, and physical discomfort.
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Introduction

Hormonal therapies, such as aromatase inhibitors (Al) and tamoxifen, significantly increase
disease-free survival and reduce the risk of recurrence in breast cancer patients [1-3].
However, patients and survivors often experience unpleasant side effects from these
therapies including musculoskeletal symptoms (joint pain and stiffness), bone loss, and
menopausal symptoms [4]. Phase Il trials, using the National Cancer Institute Common
Terminology Criteria, indicate that 18-35 % of breast cancer survivors experience
musculoskeletal symptoms from Al [5-8]. Studies using survivor reports, however, found
that 45-60 % of breast cancer survivors on Al complained of musculoskeletal symptoms [9—
12]. Although musculoskeletal symptoms are not widely recognized as a common side effect
of tamoxifen, up to 30 % of tamoxifen users report having these symptoms [13, 14].
Musculoskeletal symptoms are a major reason for non-compliance [15]; up to 25 % of users
discontinue usage [16], representing the number one reason for discontinuation [17].

Unfortunately, musculoskeletal symptoms in breast cancer survivors on adjuvant hormone
treatment are difficult to treat and no standard therapy exists. Survivors have reported
achieving pain control with acetaminophen, non-steroidal anti-inflammatory drugs,
glucosamine, and opiates [18]. However, there is a paucity of clinical trials demonstrating
efficacy. The lack of effective treatments often leads to premature discontinuation, with non-
adherence rates ranging between 20 and 40 % [15, 19, 20]. Furthermore, early
discontinuation can reduce treatment efficacy and increase mortality [21].

Yoga is an increasingly prevalent form of exercise in the United States, and is already
popular within the breast cancer community. Previous research is limited, but a one-arm trial
found yoga reduced joint pain in women on Al [22], while another study demonstrated
qualitative improvements in joint pain with the use of yoga [23], and a two-arm trial
reported yoga participation reduced joint pain in breast cancer patients [24]. Additional
studies have shown that yoga improves quality of life in breast cancer survivors, which may
be due to reduced musculoskeletal symptoms. Research in non-cancer populations indicated
yoga was effective at reducing arthritis pain, back pain, and carpal tunnel pain.

The primary aim of this study was to perform a secondary analysis from a previously
published clinical trial to assess the efficacy of a standardized yoga intervention for
improving musculoskeletal symptoms compared with standard care for post-treatment breast
cancer survivors on hormonal therapy. We hypothesized that breast cancer survivors on
hormonal therapy in the yoga condition would have a greater improvement in
musculoskeletal symptoms than survivors in the standard care condition. Musculoskeletal
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symptoms were assessed using specific items from validated that specifically evaluated
these symptoms. We also hypothesized that breast cancer survivors on Al would have a
higher incidence and severity of musculoskeletal symptoms than tamoxifen users at
baseline.

Study design

The full methods of the original RCT have been previously reported [25]. The University of
Rochester Cancer Center (URCC) Community Clinical Oncology Program (CCOP)
Research Base conducted a nationwide, multicenter, randomized clinical trial examining the
efficacy of yoga for improving sleep quality in adult cancer survivors. Survivors were
recruited in cohorts (N = 20-30) and randomized by CCOP location. Because the primary
aim of the study was to examine the effect of yoga on sleep disturbance, randomization of
each cohort was stratified by gender and baseline level of sleep disturbance (two levels: <5
or >5 on an 11-point symptom inventory scale anchored by “0” = no sleep disturbance and
“10” = worst possible sleep disturbance). Group assignment was determined by a computer-
generated random numbers table in blocks of two and an allocation ratio of 1:1.

The institutional review board at each site approved the study before any survivors were
enrolled. All baseline measurements were completed during the week immediately prior to
commencing the 4-week intervention (yoga or standard care), and all post measurements
were completed during the week immediately following completion of the intervention. All
demographic and clinical record information was obtained by the study coordinator at
baseline. The sponsors had no role in study design or interpretation.

Study participants

Cancer survivors were recruited from 2007 to 2010 in 12 U.S. cities by nine CCOPs.
Participants were enrolled between 2 and 24 months post surgery, chemotherapy and/or
radiation therapy. For the original study, eligible survivors were required to (1) have a
confirmed diagnosis of cancer; (2) have undergone and completed standard treatment for
cancer; (3) have sleep disturbance (indicated by a response of 3 or greater on a clinical
symptom inventory using an 11-point scale anchored by “0” = no sleep disturbance and “10”
= worst possible sleep disturbance); (4) be able to read English; (5) be 21 years of age or
older; (6) be able to give written informed consent; (7) not have maintained a regular
personal practice of yoga within the 3 months prior to enrolling in the study or be planning
to start yoga on their own during the time they are enrolled in the study; (8) not have a
confirmed diagnosis of sleep apnea; (9) not be receiving any form of treatment for cancer,
with the exception of hormonal or monoclonal antibody therapy; and (10) not have
metastatic cancer. For the purpose of examining musculoskeletal symptoms, only breast
cancer survivors currently receiving Al (N =95) or TAM (N = 72) were included in this
secondary analysis. All cancer survivors provided informed consent before completing any
study requirements.
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Yoga intervention experimental condition

The yoga intervention used the standardized Yoga for Cancer Survivors (YOCASO®)
program, designed by researchers at the University of Rochester Medical Center. The
YOCAS©® intervention derives from two forms of yoga: gentle Hatha yoga and restorative
yoga. The YOCAS©® sessions are standardized, and each session consists of physical
alignment postures, breathing, and mindfulness exercises. Postures include 16 seated,
standing, transitional, and supine poses. Breathing exercises include slow, controlled,
diaphragmatic, and movement-coordinated breath work. Mindfulness exercises include
meditation, visualization, and affirmation activities. The intervention is delivered in an
instructor-taught, group format, twice a week for 75 min each time over 4 weeks for a total
of eight sessions of yoga.

The YOCASO® intervention was delivered by Yoga alliance registered instructors. To
ensure intervention standardization, quality, fidelity, and prevention of drift, each yoga
instructor completed a standardized training session and was provided with a detailed
YOCAS®©® instructor manual and DVD to keep for the duration of the trial. A study
coordinator at each CCOP site also completed the same standardized training session as the
yoga instructors and was provided with the same manual and DVD. The study coordinator at
each CCOP site ensured drift did not occur and proper content was being taught by
performed a random independent observation of YOCAS©® sessions. The YOCAS©®
sessions were conducted in community-based group settings, free-of-charge to participants.

Standard care waitlist control condition

Measures

The control condition employed a standard care waitlist format. Cancer survivors assigned
to this condition continued with the standard follow-up care provided by their treating
oncologists as appropriate for their individual diagnoses. Participants in the control
condition had the exact same contact time and attention from study staff as those in the
experimental condition, except for the eight yoga sessions. Participants were offered the 4
weeks YOCASO® program gratis after completing all study requirements.

Clinical and demographic information was collected by coordinators using medical records
and study-specific forms. Race and ethnicity data were collected for descriptive purposes
using the National Cancer Institute Cancer Therapy Reporting Program criteria for clinical
trials (i.e., White, Black or African American, Native Hawaiian or other Pacific Islander,
Asian, American Indian or Alaskan Native, Other, Hispanic or Latino, Non-Hispanic).
Participants identified their race and ethnicity; categories were condensed to White, African
American and other for reporting purposes. Adherence and compliance were monitored
through the use of daily diaries and attendance records kept by the yoga instructors. No
make-up sessions were provided for missed classes. Intensity of the yoga was monitored
using the American College of Sports Medicine rating of perceived exertion scale (RPE)
[26]. All participants were instructed to continue their routine daily activities during the 4-
week intervention period, but were asked not to start a new yoga or exercise regimen on
their own during this 4-week period to avoid exercise contamination in the trial design as
much as possible.
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Select questions from validated questionnaires were used to evaluate the effect of YOCAS
on musculoskeletal symptoms, because this was not an a priori aim of the study. Questions
were extracted from the University of Rochester Cancer Center Symptom Inventory (URCC
SlI), the Functional Assessment of Chronic Iliness Therapy with Fatigue Subscale (FACIT-
F), and the Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF). The
specific question from the URCC Sl is, “What is your level of pain over the last 7 days on a
scale of O (pain not present) to 10 (as bad as you can imagine it could be)?” Specific
statements used from the FACIT-F include, “I have pain,” “I feel ill,” “I have trouble
finishing things because 1I’m tired,” and “I need help doing my usual activities,” which were
rated on a 5-point scale (0 “not at all” to 4 “very much”). We also included the Physical
Well-Being Subscore of the FACIT-F, which is the sum of responses to 7 questions (feeling
ill, pain, lack of energy, nausea, bothered by side effects, forced to spend time in bed, and
trouble meeting the needs of their family), with scores ranging from 0 to 28. It should be
noted that the physical well-being subscore of the FACIT-F is scored in reverse, with 0
being the worst possible score and 28 being the best. Specific questions from the MFSI-SF
include, “My muscles ache,” “My legs feel weak,” “My arms feel weak,” “My head feels
heavy,” “My body feels heavy all over,” and “I ache all over,” which were rated on a 5-point
scale (0 “not at all” to 4 “very much”). We also included the physical dimension subscore of
the MFSI-SF, which is the sum of the score to the previous 6 questions, with scores ranging
from 0 to 24 (higher scores denote reduced physical well-being).

Statistical analyses

Results

Clinical and demographic variables were examined with two-tailed (« = 0.05) t tests for
continuous variables and Chi-square tests for categorical variables to test population
differences in the two arms. An analysis of covariance (ANCOVA), with arm as the factor,
baseline as the covariate, and arm by baseline interaction, was used to evaluate arm effects
for the post-treatment musculoskeletal symptom scores. If the interaction showed a trend
toward significance (P < 0.10), it was retained in the model. Estimated within-group effects
from the ANCOVASs were expressed in terms of pre-post mean differences. Binary logistic
regression, with arm as the independent variable, was used to evaluate arm effects for the
reduction in musculoskeletal symptoms. The logistic regression analyses were restricted to
those with at least moderate muscle and/or body aches at baseline (a score of =2 on a 0-4
scale). This restriction was made to allow for survivors to have an improvement (i.e., a
decrease in score) over the course of the study. Based on the pre/post change, participants
for this analysis were categorized into two categories for the dependent variable: (1)
decreased musculoskeletal symptoms or (2) increased/no change in musculoskeletal
symptoms. All data were analyzed using the intent-to-treat principle.

In the current study, 167 survivors were currently on some form of endocrine therapy; 72
were on tamoxifen and 95 were on Al. Table 1 shows the overall demographics of the
sample and the demographic characteristics by randomized arm assignment. There were no
significant differences between the two arms except for more non-Caucasians in the control
arm and a longer period since cancer treatment in the yoga arm. Table 2 shows the
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demographic characteristics by type of endocrine therapy. As expected, women on Al were
significantly older than women on tamoxifen. There were no other differences noted
between the different endocrine therapies.

Table 3 shows the baseline musculoskeletal symptom averages by type of endocrine therapy.
In general, women on Al had a higher musculoskeletal symptom burden than women on
tamoxifen. Al users reported significantly greater levels of pain, muscle aches, feeling ill,
needing help doing usual activities, and a feeling of heaviness in the head and body than
tamoxifen users. Al users also had significantly lower physical subscores on both the MFSI-
SF and FACIT-F than tamoxifen users.

The change in musculoskeletal symptoms for women on endocrine therapy from baseline to
post-intervention by arm is shown in Table 4. There were significantly greater
improvements in the yoga group compared to the control group for both physical subscores
(P’S< 0.05). Additionally, women in the yoga group had significantly greater reductions in
the levels of pain, muscle aches, needing help finishing activities, time spent in bed, and
feelings of heaviness in the body than the control group.

Table 5 shows the percentage improvement and adjusted odds ratios with corresponding 95
% CI for musculoskeletal symptoms by group. For pain, muscle aches, and body aches, we
included only those who reported moderate to severe levels at baseline (a score of =2 on a
0-4 scale). A significantly greater proportion of yoga participants than control participants
had reductions in total body aches (yoga = 88.0 % vs. control 56.7 %; P = 0.02; ORggj =
2.19; 95 % CI 1.10-4.36), while there was a significant trend for pain (yoga = 57.1 % vs.
control 37.1 %; P = 0.09; OR4gj = 3.51; 95 % CI 1.17-10.47), and no significant reduction
for muscle aches (yoga = 60.4 % vs. control 51.4 %; P = 0.35; OR,qj = 1.41; 95 % CI 0.61~
3.27). There was also a significant improvement in the FACIT physical subscore (yoga =
78.9 % vs. control 60.0 %; P = 0.01; ORgqj = 2.47; 95 % CI 1.17-5.23) and a significant
trend toward improvement in the MFSI physical subscore (yoga = 66.2 % vs. control 52.9
%; P =0.09; ORqqj = 1.78; 95 % CI 0.91-3.48) for the yoga group.

Discussion

This secondary data analysis found breast cancer survivors on endocrine therapy had a high
musculoskeletal symptoms burden, with women on Al having a greater musculoskeletal
burden than women on tamoxifen at baseline. The main finding of this analysis showed
YOCAS yoga was effective at reducing musculoskeletal symptoms for breast cancer
survivors on endocrine therapy. Yoga participants demonstrated significantly greater
improvements in pain, muscle aches, body aches, and other musculoskeletal measures at
post-intervention compared with standard care participants. The majority of yoga
participants with moderate to severe musculoskeletal symptoms at baseline reported
decreases in severity, with up to 88 % reporting reduced musculoskeletal symptom severity.
Furthermore, participants in the yoga group had significant improvements in the physical
sub-scores from the FACIT-F and MFSI-SF. The results from this study confirm the
findings of the small number of studies that show yoga may be an effective intervention for
musculoskeletal symptoms in breast cancer survivors. The results of this study are not
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intended to provide a basis for practice recommendations, but rather to provide the scientific
rationale for a yoga trial that specifically focuses on musculoskeletal symptoms in breast
cancer survivors on endocrine therapy.

This is the first 2-arm RCT to report the quantitative effect of yoga on musculoskeletal
symptoms among breast cancer survivors on endocrine therapy. Of the only two studies that
examined the effect of yoga on musculoskeletal symptoms in breast cancer survivors, one
performed a qualitative analysis while the other study was a one-arm trial with pre/post
measurements. Furthermore, this trial included a total of 167 women, compared to the other
trials, which only included 10 breast cancer survivors. The 167 women were enrolled from
sites across the United States, making the results generalizable to breast cancer survivors in
the U.S.

While the results of this study are encouraging, a number of limitations should be considered
when interpreting the results. First and foremost, the original RCT was designed to test the
effect of yoga on sleep quality in all cancer survivors. There was no a priori aim in the study
to examine the effect of yoga of musculoskeletal symptoms in breast cancer survivors on
endocrine therapy. For this reason, questionnaires designed to specifically measure
musculoskeletal symptoms, such as the brief pain inventory or Health Assessment
Questionnaire 11, were not used in this study. Therefore, the assessment of musculoskeletal
symptoms was limited to single item self-report measures from the MFSI-SF and FACIT-F.
The use of valid and reliable questionnaires, such as the BPI and HAQ-II, will be needed in
future studies to determine the true impact of yoga on musculoskeletal symptoms. Lastly,
there were no long-term follow-ups to assess the sustainability of benefits from YOCAS.

In conclusion, this is one of the first studies to show that yoga, specifically the Gentle Hatha
and Restorative yoga components in the YOCAS program, may be an effective intervention
for the treatment of musculoskeletal symptoms in breast cancer survivors on endocrine
therapy. Clinical trials whose primary hypothesis focuses on musculoskeletal symptoms
such as arthralgias and myalgias are needed to confirm these findings. The YOCAS yoga
program used in this study was designed to be reproduced and could be used in any future
trials. Future studies should also seek to examine the sustainability of any benefits achieved
during the active portion of the intervention and the biological mechanisms by which yoga
reduces musculoskeletal symptoms.
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Table 3

Baseline scores by hormonal therapy type

Tamoxifen Aromataseinhibitors P value

Symptom inventory (0-10 score)

Pain 2.98 3.77 0.05
Appetite 0.57 1.05 0.09
FACIT-F (0-4 scale)
| have pain 1.17 1.65 0.01
| feel ill 0.28 0.55 0.03
| am forced to spend time in bed 0.25 0.44 0.09
| have trouble finishing things cause I’'m tired 0.43 0.77 0.05
1’m too tired to eat 0.19 0.39 0.10
I need help doing my usual activities 0.35 0.63 0.03
FACIT physical subscore (0-28 scale) 22.28 20.69 0.03
MFSI-SF (0-4 scale)
My muscles ache 1.65 2.14 0.01
My legs feel weak 0.96 1.27 0.10
My head feels heavy 0.54 0.91 0.02
My arms feel weak 0.88 1.17 0.09
| feel sluggish 1.43 1.72 0.08
My body feels heavy all over 0.83 1.18 0.06
MFSI physical subscore (0-24 scale) 5.92 8.03 0.01

Symptom inventory scored on a scale of 0 (not present) to 10 (as bad as you can imagine it could be)
FACIT-F scored on a scale of 0 (not at all) to 4 (very much)

FACIT physical subscore reverse scored on a 0-28 scale; lower score indicates worse symptoms
MFS-SF scored on a scale of 0 (not at all) to 4 (very much)

MRS physical subscore: Scored on a 0-24 scale; higher score indicates worse symptoms

1duosnue Joyiny

1duasnuen Joyiny

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 April 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Peppone et al.

Table 4
Change scores by arm
Control  Yoga Pvalue
FACIT-F-I have pain 0.04 -0.18 0.021
FACIT-F-I feel ill 0.06 -0.10 0.042
FACIT-F-I am forced to spend time in bed 0.03 -0.11 0.034
FACIT-F-I have trouble finishing things cause I’'m tired  —0.12 -0.42 0.003
FACIT-F-I"m too tired to eat 0.03 -0.09 0.055
FACIT-F-I need help doing my usual activities 0.00 -0.02 0.831
FACIT-F-physical subscore 0.19 1.32 0.001
MFSI-SF-my muscles ache -0.13 -0.51 0.001
MFSI-SF-my legs feel weak -0.15 -0.31 0.101
MFSI-SF-my head feels heavy -0.18 -0.27 0.250
MFSI-SF-my arms feel weak -0.04 -0.36 0.001
MFSI-SF-I feel sluggish -0.13 -0.46 0.001
MFSI-SF-my body feels heavy all over -0.17 -0.48 0.001
MFSI-SF-physical subscore -0.74 -2.31 0.001

Negative values indicate an improvement in symptoms, except for the FACIT-F physical subscore, where a positive value indicates an

improvement in symptoms
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