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Effect of Exercise on Taxane
Chemotherapy—Induced Peripheral Neuropathy
in Women With Breast Cancer: A Randomized

Controlled Trial
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Abstract

Chemotherapy-induced peripheral neuropathy (CIPN) is a dose-limiting adverse effect of taxanes used to treat
breast cancer. In this proof-of-concept trial, 27 breast cancer patients were randomized to exercise during
versus after taxane chemotherapy to explore the effect on CIPN and taxane treatment adherence. Our findings
suggest exercise may mediate patient-reported CIPN during taxane chemotherapy, but not by the end of
chemotherapy, and potentially help patients better tolerate their taxane treatment.

Background: Chemotherapy-induced peripheral neuropathy (CIPN) is a dose-limiting adverse effect of taxanes. We
sought to evaluate the effect of exercise on taxane CIPN in women with breast cancer. Patients and Methods:
Women (n = 27) were randomized to immediate exercise (IE, during taxane chemotherapy) or delayed exercise (DE, after
chemotherapy). Supervised aerobic, resistance, and balance training was offered 3 days a week for 8-12 weeks. CIPN
symptoms and quality of life were assessed using the European Organization for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC QLQ) C30 and CIPN20 (scored from 0 to 100). The percentage of participants reporting
moderate to severe sensory symptoms (‘3/4° or ‘4/4’ for CIPN20 sensory items) was also evaluated, along with clinical
sensory testing at the lower limb (vibration sense and pinprick). Taxane treatment adherence, including relative dose in-
tensity, was extracted from patient medical records. Assessments occurred at: baseline (before taxane chemotherapy),
pre-cycle 4 (before the final taxane cycle), the end of chemotherapy, and follow-up (10-15 weeks after chemotherapy).
Results: No differences in the EORTC QLQ CIPN20 symptom scores were detected between groups at any time point. At
pre-cycle 4, there was a significant difference between groups in patient-reported moderate to severe numbness in the toes
orfeet (IE:n=1,9%, DE: n=7,50%, P = .04) and impaired vibration sense in the feet (IE:n=2,18%, DE: n=10,83%, P <
.01). Overall global health status/quality of life was higher in IE compared to DE at the end of chemotherapy (P = .05), yet
both groups had worse CIPN20 sensory (A24.3 + 4.6, P < .01) and motor symptom scores (A10.5 + 1.9, P < .01) relative to
baseline. By the end of chemotherapy, no differences between groups were found for moderate to severe numbness in the
toes or feet (P = 1.0) or impaired vibration sense in the feet (P = .71). More IE participants received > 85% relative dose
intensity (IE: n = 12, 100%, DE: n = 10, 67%, P < .05). Conclusion: Exercise may attenuate CIPN over the course of
taxane chemotherapy and possibly improve taxane adherence in women with breast cancer. These findings, as well as
whether exercise can attenuate CIPN by the end of taxane chemotherapy, should be confirmed in larger trials.
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Introduction

Chemotherapy-induced peripheral neuropathy (CIPN) is a
common non-hematologic adverse effect of select antineoplastic
agents, including taxanes. > Taxanes, namely docetaxel and
paclitaxel, are frequently prescribed as a component of modern
breast cancer multi-agent chemotherapeutic regimens,” and up to
80% of women with breast cancer may experience CIPN symp-
toms up to 2 years after paclitaxel treatment.” CIPN from taxane-
based chemotherapy is primarily sensory neuropathy, manifesting
as paresthesia, numbness, or pain in the hands and feet, with the
thick myelinated nerve fibers responsible for vibration sensation
and sense of position being primarily affected.” Gait and balance
issues may also occur after a single cycle of taxane treatment in
breast cancer patients, which worsen with cumulative taxane
exposure and are mirrored by increases in patient-reported CIPN
symptoms.” In addition to decreasing quality of life (QoL)® and
increasing risk of disability and future falls,” CIPN might affect
disease outcome and survival, if symptoms progress to a point
where dose reductions, cancellations, or delays in taxane treat-
ments occur, thereby reducing the prescribed relative dose in-
tensity (RDI).*'” RDI, the ratio of the delivered chemotherapy
dose to the planned dose, is often used as a clinical benchmark to
predict patient prognosis.'' In women with breast cancer, an RDI
of < 85% frequently significantly predicts worse patient out-
comes, including progression-free and overall survival.'>'? Thus,
the inability to tolerate the full dose and duration of taxane-based
chemotherapy due to CIPN is a major oncologic concern. Because
there are few evidence-based prevention and treatment options for
CIPN,"* further rescarch on supportive care strategies to manage
the burden of CIPN is needed.

Exercise has been shown to play an important role in managing
chemotherapy’s negative side effects, such as fatigue, and improving
physical fitness and QoL after a diagnosis of cancer.'”'® None-
theless, whether these benefits extend to taxane-specific toxicities,
particularly CIPN, is an emerging area of research. A positive effect
of exercise on peripheral neuropathy in non-cancer populations,
predominantly adults with diabetes, has been reported.'” Further,
women treated with taxanes for breast cancer who report higher pre-
treatment levels of moderate to vigorous physical activity are at a
lower risk of CIPN.'® Recent evidence from clinical trials has shown
that exercise, including combinations of aerobic, resistance, and
sensorimotor training, may positively influence CIPN in mixed
cancer patients as well as women with breast cancer treated with
neurotoxic chemotherapy.'”>

The primary aim of the EXercise Influence on Taxane side effects
(EXIT) trial was to evaluate the effect of exercise during versus after
taxane-based chemotherapy (ie, usual care during taxane treatment)
on patient-reported CIPN symptoms in women with early-stage
breast cancer. This study also evaluated the effect of exercise on
clinical sensory tests for CIPN at the lower limb and QoL. Finally, an
exploratory analysis of the effect of exercise on taxane chemotherapy
adherence was conducted. We hypothesized that women randomized
to exercise for the duration of their taxane-based chemotherapy
(immediate exercise group) would have reduced patient-reported
CIPN symptoms by the end of chemotherapy relative to women
who received usual care (delayed exercise group).
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Patients and Methods
Study Participants

Participants were recruited by oncologist referral, posters, and
word of mouth. Inclusion criteria were women > 19 years old with
stage I-III breast cancer who were scheduled to receive paclitaxel or
docetaxel chemotherapy in 2- or 3-week cycles, and who were able
to communicate in English. Exclusion criteria were stage IV cancer,
acute or uncontrolled health conditions, diabetes, history of a
neurologic disorder (eg, hereditary peripheral neuropathy), body
mass index > 40 kg/m?, chemotherapy prescribed in a weekly
format, or previous receipt of treatment for a past cancer diagnosis.

Study Design and Randomization

This study was a 2-arm randomized controlled trial (Figure 1).
The EXIT trial was pre-registered on ClinicalTrials.gov
(NCT02473861), and ethical approval was obtained from the
University of British Columbia. All participants provided informed
consent.

Randomization was stratified by taxane agent type to ensure an
equal distribution of docetaxel- and paclitaxel-based protocols
within each group, as paclitaxel is more neurotoxic than docetaxel
and has been shown to be more likely to cause CIPN-related
chemotherapy dose reductions.'” Randomization occurred after
baseline testing to immediate exercise (IE), where the exercise
intervention occurred during taxane chemotherapy, followed by a
period of no formal exercise training; or usual care during taxane
chemotherapy, followed by delayed exercise (DE) of an identical
exercise intervention after taxane chemotherapy. The allocation
sequence was generated using a spreadsheet random function and
was included in sequentially numbered opaque envelopes by a
researcher different from the project coordinators who assigned
participants to groups.

Exercise Intervention

The exercise intervention length matched the length of partici-
pants’ taxane protocol, regardless of group assignment (typically 4
taxane cycles delivered 2-3 weeks apart). For IE, the intervention
began up to 1 week before the first taxane cycle and ended 2 or 3
weeks after the last cycle. In DE, exercise commenced 2 or 3 weeks
after the last taxane cycle, or after surgery in women who underwent
second surgeries—for example, reconstruction or following neo-
adjuvant chemotherapy. The exercise prescription included super-
vised multi-modal exercise 3 days a week and 2 days a week of
home-based aerobic exercise. All supervised exercise took place a
private facility near the cancer treatment center and was supervised
by research staff with experience delivering exercise to individuals
with cancer.

A “chemotherapy-periodized” exercise approach was developed
for the supervised component of the intervention. Chemotherapy
treatments can result in cyclical fluctuations and the accumulation
of symptoms, such as fatigue’® and elevated resting heart rate.”” An
exercise prescription that linearly increases in intensity and duration
may fail to account for patient-reported and physiologic
chemotherapy-related changes. Throughout our intervention, aer-
obic and resistance exercise progressed in volume; however, the
relative intensity and duration was periodized to the chemotherapy
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Figure 1 | Study Design
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Participants were randomized to immediate or delayed exercise. Assessments took place at: (1) baseline (0-7 days before taxane cycle 1); (2) pre-cycle 4 (0-3 days before the fourth taxane cycle); (3)
end of chemotherapy (2-3 weeks after the final taxane cycle and after the intervention for the immediate exercise group); and (4) at follow-up (10-15 weeks after chemotherapy and after the

intervention for the delayed exercise group).

treatment protocol. Aerobic intensity was prescribed using heart rate
reserve (HRR), which was calculated using participants’ resting
heart rate measured during a 5-minute seated rest period before
every exercise session. For the week after chemotherapy, where
symptoms were expected to peak, a lower acrobic intensity was
prescribed (50%-55% HRR) with increased duration (40 minutes)
to maintain load. In the time after the first week of the chemo-
therapy cycle (1-2 weeks total), the intervention focused on
progression and overload, where intensity increased to 75%
HRR by week 8. Duration progressed from 25 to 35 minutes on
non-chemotherapy weeks. Supervised acrobic exercise modes
included the treadmill, cycle ergometer, or elliptical trainer. Despite
the pre-emptive decrease in aerobic exercise intensity during
chemotherapy weeks, if participants attended their exercise sessions
and felt they were unable to achieve the acrobic exercise target,
exercise intensity or duration were reduced as needed on the basis of
the judgment of the research staff. After 3 weeks, home-based
aerobic exercise was prescribed, progressing from 15 to 30 mi-
nutes at a Borg rating of perceived exertion of 12 to 14 on a scale of
6 to 20.”® Home-based aerobic exercise could be selected on the
basis of participant convenience and preference, but if patients did
not have access to exercise facilities or equipment, they were
encouraged to walk outside. Participants were provided with an
exercise log to track their exercise at home.

Resistance exercise included 5 specific exercises using machines,
free weights, or resistance bands to target the primary upper and
lower body muscle groups starting at 1 set of 10 repetitions at 50%
of estimated 1 repetition maximum,” progressing to 2 sets of 10 to
12 repetitions at 65% 1 repetition maximum. Resistance exercise
was reduced to 1 set per exercise for 1 week after chemotherapy to
accommodate increased treatment symptoms and to allow for the
maintenance of the aerobic exercise volume. If participants were
unable to complete resistance exercises at the planned intensity (eg,
due to pre-existing musculoskeletal issues), specific exercises were
removed from the program or the intensity was reduced. Partici-
pants also completed 2 single-leg standing balance exercises for 6 to
8 repetitions (20-30 seconds per exercise), with approximately 1
minute of rest in between exercises. Balance training progressed
from being performed on a stable surface with support to being
performed unsupported on an unstable surface. Hand and foot

exercises that involved resistance bands and balls were performed to
target these areas known to be at an increased risk of chemotherapy
neurotoxic damage. Two mat exercises for abdominal strength were
also prescribed. All balance, core, and hand and foot exercises are
described in detail in the Supplementary Material.

Outcome Measures

All measures were performed at 4 time points in both groups
(Figure 1): at baseline (before taxane cycle 1); pre-cycle 4 (after 3
taxane cycles and 0-3 days before the fourth and final taxane cycle);
at the end of chemotherapy (after the intervention for IE); and at
follow-up (10-15 weeks after chemotherapy or after the intervention
for DE). Assessments were performed at least 2 days after the most
recent supervised exercise session.

Patient-Reported CIPN Symptoms

The European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire (EORTC QLQ) CIPN20
subscale was used to evaluate patient-reported CIPN. The EORTC
QLQ CIPN20 contains 20 items assessing sensory (9 items), motor
(8 items), and autonomic symptoms (3 items for female subjects) on
a 4-point Likert scale. In addition to looking at summary scores (on
a scale from 0 to 100) for the CIPN20 subscale, the number of
participants who reported experiencing symptoms “quite a bit” (3/
4) or “very much” (4/4) for each individual sensory item was
evaluated, given that taxane-induced peripheral neuropathy is often

sensory in nature.

Non-automated Quantitative Sensory Testing

Clinical sensory testing included 2 non-automated quantitative
sensory tests: vibration sensation and temporal summation of pain
(pinprick) performed at the lower limb. A standard C (128 Hz)
tuning fork was used to test vibration sense at 3 different land-
marks.”® The vibrating tuning fork was first placed on the superior
surface of the participant’s right and left great toe proximal inter-
phalangeal with the examiner’s index finger underneath the joint.
With eyes closed, participants indicated when they no longer felt the
vibration. The examiner then recorded whether the participant re-
ported feeling the vibration stop at the same time as the examiner
(normal) or before the examiner/not at all (impaired). The vibrating
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tuning fork was also applied to the medial malleolus and inferior
pole of the patella, and the participant indicated whether they
sensed any vibration (recorded as present or absent).

A Neuropen peripheral neuropathy screening device and Neu-
rotip (Owen Mumford, Brook Hill, Woodstock, Canada)’'?? was
used to standardize a pinprick force (40 g) applied to the distal end
of the great toe 10 times at 1-second intervals. The participant was
then asked to report whether the sensation of the prick stayed the
same, increased, or decreased from the first to the last pinprick. This
test intended to identify temporal summation, referred to as wind-
up, as modestly sharp stimuli may elicit an abnormal painful
sensation (mechanical hyperalgesia) when neuropathy is present.30
Alternatively, the loss of nociceptors from neuropathy may also

cause a diminished sensation of sharpness.”’

Qualiry of Life

The EORTC QLQ-C30 core questionnaire was administered to
evaluate QoL.> This questionnaire contains an overall global health
status/QoL scale, 5 functional subscales, including physical, role,
emotional, social, and cogpnitive functioning, 3 symptom subscales
for pain, nausea and vomiting, and fatigue, and 6 single items
evaluating dyspnea, insomnia, loss of appetite, constipation, diar-
thea, and financial impact.

Chemotherapy Completion Rate

The number of participants who experienced a dose reduction or
a complete taxane treatment cancellation was extracted from patient
medical records, along with the reason (per medical oncologist
notes) for the dose adjustment. RDI was also calculated for taxane-
based treatments as the delivered total dose (delivered dose divided
by actual time to complete chemotherapy) divided by standard total
dose (planned dose divided by planned time to complete chemo-
therapy) multiplied by 100 to obtain a percentage.”” The planned
time to complete taxane chemotherapy was also compared between
groups. The chemotherapy dose received and timing of adminis-
tration extracted from patient medical records was compared against
the standard dose and timing for the corresponding taxane-based
protocol at the cancer center.”*

Statistical Analyses

G*Power 3.0.10 was used to estimate a sample size of 36 par-
ticipants, to achieve 80% power to detect a medium (d = 0.6) effect
size in the EORTC QLQ CIPN20 subscale at an alpha of 0.05 (1
tailed). Descriptive statistics were used to characterize participant
baseline demographics, medical information, and exercise inter-
vention attendance and adherence. Any deviation from the super-
vised exercise intensity, duration, or sets and repetitions exactly as
planned, including changes made on the day of each supervised
session as judged by research staff due to participant symptoms was
considered as adherence ‘not met.” All exercise adherence outcomes
are reported as mean =+ standard deviation (SD). To evaluate the
difference in mean exercise program length between groups, a
2-tailed independent # test was used and results are reported as mean
+ SD. A generalized linear mixed model was selected to evaluate
differences EORTC QLQ-C30 and CIPN20 outcomes between
groups and over time. Participant was included as a random effect to

account for correlations across time. For these analyses, a
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relationship link function and distribution that resulted in
normality of residuals, or that produced the best model fit, was
selected for each outcome. For the evaluation of patient-reported
CIPN20 symptoms, mean RDI was included as a covariate, given
that CIPN development depends on chemotherapy dose.'* Hy-
pothesized differences were investigated for significant group by
time interactions using pairwise corrected contrasts (least significant
difference). All generalized linear mixed model results are reported
as mean = standard error (SE). A 2-sided Fisher exact test was used
to detect differences in the proportion of participants who reported
experiencing moderate to severe sensory symptoms and altered
versus normal sensation at the lower limb for the clinical sensory
tests. A 2-tailed independent 7 test was used to assess between-group
differences in RDI (reported as mean £ SD) and a Fisher exact test
for the proportion of participants who received a taxane dose
adjustment/cancellation, dose delay of 7 days or more, and > 85%
RDI. SPSS 25.0 software (IBM, Armonk, NY) was used to perform
the analyses. Statistically significant outcomes were defined as P <

.05.

Results

Sixty-nine patients were referred to the study and 31 women
enrolled, completed baseline testing, and were subsequently ran-
domized (Figure 2). As a result of slow accrual in a 2-year recruit-
ment period, we were unable to achieve our target sample size.
Additionally, 3 participants became ineligible after randomization,
and 1 requested withdrawal for personal reasons, leaving 27 women
who completed the study (IE: n = 12, DE: n = 15). Baseline
demographic and medical characteristics were evenly distributed
between groups (Table 1). In regards to treatment for possible
CIPN, 6 participants were prescribed gabapentin for pain during
chemotherapy (IE: n = 2, DE: n = 4), while no participants re-
ported receipt of duloxetine or prednisone. Nine participants re-
ported taking over-the-counter pain medications, such as ibuprofen
or aspirin (IE: n = 3, DE: n = 6). Some participants also visited
health care providers for pain during and after chemotherapy,
including chiropractor (DE: n = 1), massage therapist (IE: n = 1),
and acupuncturist (DE: n = 2). One DE participant also reported
using medicinal cannabis during chemotherapy.

Exercise Intervention Adberence

Adherence data are reported for 26 participants (IE: n = 12, DE:
n = 14), as one DE participant did not complete the intervention for
personal reasons but completed study assessments. Mean exercise
program length was 10 weeks (IE: 10.7 £ 2.1, DE: 9.4 + 2.1 weeks,
P = .11). Supervised session attendance, as a mean of each partici-
pant’s attendance, was 78 £ 23% for IE and 81 £ 20% for DE.
Adherence to the supervised acrobic exercise intensity and duration
was 77 & 30% and 78 & 24% for IE, and 81 &+ 17% and 81 &+ 21%
for DE, respectively. Adherence to the resistance and balance exercise
prescription, including prescribed exercises, weight, sets, and repeti-
tions was 78 &= 37% for IE and 93 £ 6% for DE. One IE participant
was unable to complete the resistance training program exactly as
prescribed at the start of the intervention as a result of a pre-existing
musculoskeletal injury (shoulder injury) that required specific exer-
cises that caused discomfort to be removed from the program.

Therefore, adherence to resistance exercises for her was considered ‘not
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Figure 2 ' Flow-Through Study
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met” Twenty-two women completed home-based exercise and
handed in their exercise logs at the end of the intervention (IE: n =11,
DE: n = 11). Adherence to the prescribed home-based exercise session
frequency was 87 £ 23% for IE and 94 % 5% for DE and was most
frequently reported as walking outside. All participants met or
exceeded the prescribed home-based aerobic exercise duration.
Adherence to home-based exercise intensity based on target rating of
perceived exertion was 78 £ 19% for IE and 95 + 9% for DE. No
adverse events related to the exercise intervention occurred.

Patient-Reported CIPN Symptoms

The results for the EORTC QLQ CIPN20 subscales are depicted
in Figure 3. No differences between groups were detected at any time
point for the CIPN20 symptom scores. A main effect of time was
detected for sensory and motor symptoms in both groups combined
(both P < .01), showing that symptoms worsened with cumulative
treatment doses and peaked at the end of chemotherapy. Relative to
baseline, mean sensory symptoms significantly increased in both
groups at pre-cycle 4 (A16.8 & 3.2, P < .01) and at the end of
chemotherapy (A24.3 £ 4.6, P < .01). By the end of chemotherapy,
the fourth and final taxane treatment cycle resulted in a further in-
crease in symptoms relative to the pre-cycle 4 time point (A7.3 + 3.3,
P = .04). Sensory symptoms recovered in both groups by follow-up
and were not different from baseline (A3.0 & 1.9, P = .14). Rela-
tive to baseline, mean motor symptoms also significantly increased in
both groups, although not as much as sensory symptoms, at pre-cycle

4 (A65 £ 1.6, P < .01) and at the end of chemotherapy
(A10.5 £ 1.9, P < .01). The change from pre-cycle 4 to the end of
chemotherapy was also significant (A3.9 £ 1.6, P = .02). Motor
symptoms did not recover by follow-up and remained higher than
baseline in both groups (A5.3 & 1.9, P < .01). No significant changes
were detected over time for autonomic symptoms.

In both groups combined, the 3 most common patient-reported
moderate to severe CIPN20 sensory items were numbness in the
toes or feet, tingling in the fingers or hands, and tingling in the toes
or feet (Table 2). At pre-cycle 4, the percentage of participants
reporting moderate to severe numbness in the toes or feet was lower
in the IE group compared to the DE group (IE: n = 1, 9%, DE:
n =7, 50%, P =.04). By the end of chemotherapy, the percentage
of participants reporting this symptom was similar between groups
(IE: n = 5, 42%; DE: n = 8, 57%, P = 1.0). There were no other
differences between groups in patient-reported moderate to severe
symptoms for the CIPN20 sensory items.

Non-automated Quantitative Sensory Testing

Results for the responses to the vibration timing test at the great
toe interphalangeal joint are shown in Figure 4. At baseline, 4
participants (DE: n = 3, IE: n = 1) exhibited impaired vibration
sense. At pre-cycle 4, there was a significant difference between
groups in the percentage of participants exhibiting impaired vibra-
tion sense (IE: n = 2, 18%, DE: n = 10, 83%, P < .01), reflecting
a similar trend observed for patient-reported numbness in the toes
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Table 1 Participant Demographic and Medical Characteristics

Characteristic Total (N = 27) Immediate Exercise (N = 12) Delayed Exercise (N = 15)
Age (y), mean =+ standard deviation 50.2 +10.2 51.0 £+ 8.1 495 + 11
Body mass index (kg/m?), mean = 252 + 5.7 26.1 + 5.8 245 + 5.3
standard deviation
Menopausal Status
Premenopausal 13 (48) 5 (42) 8 (53)
Perimenopausal 3(11) 1) (13)
Postmenopausal 11 (41) 6 (50) 5 (33)
Marital Status
Married/common-law 24 (88) 10 (83) 14 (93)
Single or widowed 3(11) 2 (17) 1(7)
Ethnicity
White 18 (67) 8 (67) 10 (67)
Asian 8 (30) 4 (33) 31
Other 1(4) 0 1(7)
Education
Less than bachelor’s degree 11 (41) 5 (42) 6 (40)
Bachelor’s degree or higher 15 (56) 7 (58) 8 (53)
Prefer not to answer 14 0 1(7)
Comorbidities
Heart disease 3(11) 1) 2 (13)
Stroke 2 (7) 1(8) 1(7)
Diabetes 2(7) 1(8) 1(7)
Asthma/lung disease 4 (15) 2(17) 2 (13
Arthritis 7 (25) 3 (25) 4(27)
Fibromyalgia 3(11) 2 (17) 1(7)
Hip or joint replacement 4 (15) 2 (17) 2 (13)
Osteoporosis 14 1) 0
Hypertension 3(11) 1) 2 (15)
Cancer Stage
| 5 (19) 1(8) 4 (27)
Il 13 (48) 4 (33) 9 (60)
Il 7 (26) 5 (42) 2 (13)
Unknown 2 (7) 2 (17) 0
Surgery
Lumpectomy 11 (41) 3 (25) 8 (53)
Partial/total mastectomy 16 (59) 9 (75) 7 (47)
Chemotherapy Protocol
Adjuvant 18 (67) 8 (67) 10 (67)
Neoadjuvant 9 (33) 4 (33) 5(33)
Paclitaxel-based 20 (74) 8 (67) 12 (80)
Docetaxel-based 7 (26) 4 (33) 3 (20)
Other Treatment Information
Radiotherapy® 23 (85) 9 (75) 14 (93)
Trastuzumab 9 (33 4 (33) 5 (33)
Data are presented as n (%) unless otherwise indicated.
“Radiotherapy received at chemotherapy completion.
or feet. However, by the end of chemotherapy and at follow-up, differences between groups were found for vibration sense abnor-
there were no significant differences between groups (end of  malities at the medial malleolus and patella or for the summation of
chemotherapy: P = .71, follow-up: P = .13). Further, no multiple pinprick test at any time point.
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Figure 3 EORTC QLQ CIPN20 Subscale Scores. (A) Significant Main Effect of Time (P < .01). (B) Significant Main Effect of Time

(P < .01). (C) No Significant Main Effects or Group by Time Interaction
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Abbreviations: EORTC = European Organization for Research and Treatment of Cancer; QLQ = Quality of Life Questionnaire. Participants used a Likert scale to indicate the level at which they were
experiencing symptoms within the past week (1= “not at all” to 4 = “very much”). All scale scores were linearly converted to a 0 to 100 scale; higher scores indicate greater symptom burden. Data
are presented as mean =+ standard error. 3Significant difference compared to baseline in both groups combined (P < .01). Significant difference compared to pre-cycle 4 in both groups combined
(P < .05). “Significant difference compared to end of chemotherapy in both groups combined (P < .01).

Quality of Life

There was a significant interaction between group and time for
the EORTC QLQ-C30 overall global health status/QoL (P = .01),
as shown in Figure 5. By the end of chemotherapy, overall QoL was
higher in the IE group relative to the DE group (mean difference =
11.9, P = .05). Upon completion of the exercise intervention

following chemotherapy, overall QoL increased by a mean of 18.5
points in the DE group, while QoL was maintained in the IE group.
Consequently, no significant difference between groups was
observed at follow-up (P = .29). No other significant group by time
interactions were detected for the remaining functional or symptom
subscales. There were significant main effects of time for physical
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for standard clinical use.'” In a previous randomized controlled trial,
CIPN was reported as the top reason for a disruption in chemo-
therapy treatments in women with early-stage breast cancer.”> That
same trial also reported that randomization to an exercise inter-
vention versus usual care resulted in a lower average chemotherapy
dose reduction. Although preliminary, this finding supports a
developing body of evidence that suggests there may be a positive
effect of exercise on chemotherapy completion rate;® and the
attenuation of CIPN is a possible underlying reason for this benefit.
Taken together, findings from the EXIT trial help support the
hypothesis that exercise may mediate CIPN symptoms just enough
over the course of taxane-based chemotherapy to allow patients to
better adhere to their prescribed treatment protocol.

Prescribing exercise to manage CIPN and its related impairments
is increasingly supported by evidence to-date.'”*”> However, trials
have included varying cancer populations and chemotherapy treat-
ment protocols, as well as different CIPN outcome measures and
intervention designs. In one of the first randomized controlled trials
evaluating exercise for CIPN, Streckmann et al®” reported that 36
weeks of multi-modal supervised exercise during chemotherapy for
lymphoma significantly improved peripheral deep sensitivity and
balance control among patients randomized to exercise (n = 30)
versus usual care (n = 31), although patient-reported CIPN
symptoms were not specifically evaluated. More recently, Zimmer
et al’' reported that an 8-week multi-modal supervised exercise
intervention (n = 17) prevented the worsening of patient-reported
CIPN symptoms and improved balance and strength in patients
with advanced colorectal cancer who were prescribed vinca alkaloids
relative to usual care (n = 13). Dhawan et al*® enrolled patients
with pre-existing CIPN (n = 45), and randomization to a home-
based strength and balance intervention for 10 weeks resulted in a
significant reduction in patient-reported pain, CIPN symptom
experience, and improved QoL relative to usual care. In a trial of
355 cancer patients (79% women with breast cancer), Kleckner
et al”® reported significantly attenuated patient-reported hotness and
coldness in the hands and feet, and a trend toward attenuated
numbness and tingling among participants randomized to a home-

based walking and resistance exercise intervention versus usual care.
However, these outcomes were part of a secondary analysis and only
included single-item questions evaluated on a scale of 0 to 10.
Sensorimotor training alone has also been shown to significantly
improve postural stability, specifically in women with breast cancer
undergoing paclitaxel therapy,”* as well as to improve tendon re-
flexes, peripheral deep sensitivity, and pain in mixed cancer patients
with self-reported CIPN symptoms.”” Improved patient-reported
CIPN symptoms, however, with these sensorimotor-only in-
terventions were not reported.24’25 Evidently, key research questions
need to be answered to strengthen the argument for exercise for
CIPN. Notably, in the current trial, there was no observed impact
on the CIPN20 subscale, or CIPN symptoms by the end of
chemotherapy, only following 3 taxane cycles. Understanding why
this may be and whether adjustments to the intervention are needed
should be further explored. Overall, future investigations to help
identify the optimal type of exercise for CIPN, the specific aspects of
CIPN exercise may affect, and the most appropriate timing of ex-
ercise program delivery relative to the receipt of neurotoxic therapies
are needed.

Although the pathophysiology of taxane-induced peripheral
neuropathy has not been fully elucidated, impaired mitochondrial
function, altered peripheral vascularization, and inflammation
phenomena, such as an increase in Langerhans cells, up-regulation
of proinflammatory cytokines, macrophage accumulation, and
microglia activation, may be linked to taxane-related peripheral

39 . .
3839 Exercise may counteract this CIPN by

nerve damage.
improving vascular function and metabolic activity at the level of
the peripheral nerves, up-regulating protective neurotrophic fac-
tors,”? or reducing inflammation.”’ Endurance or aerobic exercise
can greatly improve mitochondrial function in skeletal muscle, >
and there is some evidence suggesting a similar positive influence
on mitochondria in nerve cells.”’ Exercise may also up-regulate
protective neurotrophic factors, including glial-derived neuro-
trophic factor, brain-derived neurotrophic factor, and insulin-like
growth factor, which are biomolecules that promote the growth,
survival, and differentiation of both mature and developing
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Figure 5

Change in EORTC QLQ-C30 QoL and Functional Subscale Scores. (A) Significant Main Effect of Time (P < .05) and Group by

Time Interaction (P < .01). (B) Significant Main Effect of Time (P < .05). (C) Significant Main Effect of Time (P < .05). (D and E)

No Significant Interaction or Main Effects. (F) Significant Main Effect of Time (P < .05)
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neurons.”** Sensorimotor or balance training may also indepen-
dently play a key role in neuromuscular adaptations and enhanced
proprioception,/ls and thus improved coordination, strength, and
balance control.*>*” Thus, it stands to reason that multi-modal
exercise interventions may have the greatest potential to attenuate
CIPN and its adverse effects. These existing mechanistic explana-
tions supporting exercise for CIPN further strengthen the rationale
for continued research in this area.

Finally, another important finding from this trial is the benefit
of exercise on patient-reported QoL both during and after
taxane-based chemotherapy. We found that 8 to 12 weeks of our
prescribed intervention during taxane treatment prevented a
decline in QoL by a clinically meaningful amount relative to
usual care.”® This is notable given the potential impact of taxanes
and CIPN symptoms on patient QoL. Our results also suggest
that if women are unable to engage in exercise training while
actively undergoing chemotherapy, completing a similar program
after chemotherapy still offers QoL benefits. In particular, our
DE intervention ameliorated the detrimental chemotherapy ef-
fects on QoL. Specifically, there was a larger magnitude of
improvement over time in QoL with an identical exercise
program initiated after chemotherapy compared to during
chemotherapy. Thus, it is never too late to exercise and QoL
benefits are achievable at different time points along the cancer

treatment continuum.
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This trial has several limitations. We prescribed a multi-modal
intervention to optimize the potential impact on CIPN develop-
ment and to provide the greatest overall benefit to participants.'’
Our intervention included a combination of aerobic and resis-
tance training, which is currently recommended for cancer pa-
tients,”” in addition to specific balance and hand and foot exercises
that we thought may be especially important for individuals at risk
of developing CIPN. A limitation of this design, is the inability to
control for differences in individual effects of each intervention
component. Further, we did not control for potential physical ac-
tivity that both groups may have been engaging in outside of the
intervention, including the DE group during chemotherapy. Our
lack of statistically significant differences may also be due to our
small sample size. This small sample size was in large part due to a
slow referral rate from a single cancer treatment center. This is an
important consideration for all exercise oncology trials with rela-
tively strict inclusion criteria needed to target specific primary
outcomes. However, effect sizes from the current trial could be used
to plan adequate sample sizes for future trials. Because of limited
resources, blinding of outcome assessments and personnel was also
not feasible. This produces an inherent bias for some outcome
measures, specifically our clinical sensory tests, and results should
therefore be interpreted with caution. However, trends observed for
our clinical sensory tests, specifically vibration threshold testing,
appeared to match trends observed for patient-reported symptoms.



Some women in this trial also received 3 to 4 cycles of non-taxane
chemotherapy, specifically doxorubicin and cyclophosphamide,
before enrollment into the current trial. As a result, baseline values
were not true pre-chemotherapy values for approximately three
quarters of our sample.

Conclusion

CIPN is a frequent and significant adverse effect of taxane-based
chemotherapy and there are few treatment options to prevent and
manage symptoms. The benefits of exercise during chemotherapy
for breast cancer are extensive, yet there is a lack of evidence on the
impact of exercise on CIPN in this population. We found that
exercise may partially mitigate the progression of CIPN symptoms
and maintain QoL, while allowing more patients to possibly
receive an adequate taxane RDI. Results from the current trial
remain preliminary and are hypothesis-generating for future
research investigations on this topic.

Clinical Practice Points

e Managing CIPN in women prescribed taxane agents for breast
cancer remains a clinical priority, especially given its relationship
to patients’ ability to complete their planned taxane treatment.

There are few effective medical and pharmaceutical CIPN pre-
vention and treatment strategies; thus, understanding the role of
lifestyle interventions for CIPN is a growing area of interest.

Previous research has indicated that exercise is a feasible and

promising strategy to attenuate CIPN symptoms in cancer
populations, including women with breast cancer.

e We demonstrated that a supervised, structured exercise program
concurrent with taxane chemotherapy is feasible among women
with breast cancer and may potentially mitigate CIPN symptoms
enough to allow patients to better tolerate the planned dose and
duration of their taxane chemotherapy. We also found a positive
effect of our exercise intervention on quality of life.

Exercise may be a possible adjunct therapy that can be prescribed
to support patients undergoing taxane chemotherapy who are at
risk of CIPN.

Combined with the knowledge that exercise consistently appears

to provide a wide range of physical and psychosocial benefits
among women with breast cancer, identifying strategies that
support increasing physical activity and regular exercise within
this population is encouraged.
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