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Abstract

Purpose To systematically review and meta-analyse the efficacy of exercise interventions delivered before and/or during
taxane-containing chemotherapy regimens on chemotherapy-induced peripheral neuropathy (CIPN), fatigue, and health-
related quality of life (HR-QoL), in women with breast cancer.

Methods Seven electronic databases were systematically searched for randomised controlled trials (RCTs) reporting on
the effects of exercise interventions in women with breast cancer receiving taxane-containing chemotherapeutic treatment.
Meta-analyses evaluated the effects of exercise on CIPN symptoms, fatigue, and HR-QoL.

Results Ten trials involving exercise interventions ranging between 2 and 12 months were included. The combined results of
four RCTs consisting of 171 participants showed a reduction in CIPN symptoms following exercise compared with usual care
(standardised mean difference —0.71, 95% CI—1.24 to—0.17, p=0.012; moderate-quality evidence, P= 76.9%). Pooled results
from six RCTs with 609 participants showed that exercise interventions before and/or during taxane-containing chemotherapy
regimens improved HR-QoL (SMD 0.42, 95% CI 0.07 to 0.76, p=0.03; moderate-quality evidence, I>=49.6%). There was no
evidence of an effect of exercise on fatigue (—0.39, 95% CI—0.95 to 0.18, p=0.15; very low-quality evidence, I*=90.1%).
Conclusions This systematic review found reduced levels of CIPN symptoms and an improvement in HR-QoL in women
with breast cancer who exercised before and/or during taxane-based chemotherapy versus usual care controls.

Implications for Cancer Survivors This evidence supports the role of exercise as an adjunctive treatment for attenuating the
adverse effects of taxane-containing chemotherapy on CIPN symptoms and HR-QoL.
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cancer diagnosis than ever [1]. Major advancements in the
treatment of cancer involve the use of modern chemotherapy,
including cytotoxic agents such as platinum compounds and
taxanes. However, their long- and short-term side effects
can negatively impact a patients’ health-related quality of
life (HR-QoL), during and after chemotherapy [2, 3]. This
has prompted the need to investigate strategies to reduce the
side-effects of treatment and improve HR-QoL.

Taxanes (e.g. paclitaxel, docetaxel) are among the most
active cytotoxic chemotherapy drugs available for breast
cancer [4]. The National Institute for Health and Clinical
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Excellence (NICE) recommends that taxanes are combined
with anthracyclines for the treatment of invasive breast can-
cer, noting that the benefits of adding taxanes into a treat-
ment regimen include reducing the risk of breast cancer
recurrence and increasing survival rate [S]. However, taxa-
nes also affect the structure and function of peripheral sen-
sory, motor, and autonomic neurons [6], with the resultant
impact often manifesting as chemotherapy-induced periph-
eral neuropathy (CIPN). Symptoms of CIPN include hand
and foot numbness, paraesthesia, pain, and impairments
to balance, gait, and posture [7]. Incidence rates of CIPN
can range from 11 to 87%, depending on the specific drug
and treatment regimen [8]. The burden of CIPN commonly
results in dose-reduction and premature termination of treat-
ment [9, 10]. These often severe symptoms can manifest
alongside further debilitating side effects that can influ-
ence patient quality of life. Studies have found that 100%
of patients receiving taxanes experienced fatigue [11, 12],
with fatigue being the symptom experienced most severely
[11]. Both cancer-related fatigue and CIPN symptoms are
associated with reduced HR-QoL [13, 14].

Pharmacological interventions aimed at preventing CIPN
have very limited evidence of efficacy [15, 16]. Duloxetine is
the only currently recommended drug for paclitaxel-induced
CIPN [17]; however, duloxetine use must be closely moni-
tored by a physician and is associated with side effects (nau-
sea, insomnia, and dizziness) [18]. Furthermore, a recent sys-
tematic review found duloxetine and placebo to be similar in
efficacy [19]. Thus, an increasing body of research is being
conducted into the impact of non-pharmacological inter-
ventions on CIPN and other common symptoms (including
cancer-related fatigue) across a range of cancers. Exercise
has been shown to enhance the expression of neurotrophic
factors [20], reduce inflammation [21], and regulate mito-
chondrial dysfunction implicated in the development of CIPN
[22-24]. A systematic review found that exercise during a
variety of chemotherapy regimens improves CIPN symp-
toms and postural control [25], and exercise performed peri-
chemotherapy, including after, reduces CIPN symptoms [26]
and neuropathic pain [27]. Exercise during chemotherapy has
also been shown to improve HR-QoL [25, 27], and exercise
during adjuvant treatment for breast cancer reduces fatigue
and cancer site-specific quality of life [28].

Although current data suggest that exercise has poten-
tial to alleviate symptoms of CIPN, available evidence
syntheses have included exercise interventions prescribed
to participants at any time point throughout their chemo-
therapy. Interventions that are given to participants post-
chemotherapy could be tracking a natural easing of CIPN
symptoms [29] and improvement of HR-QoL [30], therefore
aiding rehabilitation as opposed to modulating CIPN symp-
tom severity (and potentially, the underpinning neuropathol-
ogy). Furthermore, previous reviews of exercise before and/
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or during chemotherapy have not investigated participants
only receiving taxane-containing chemotherapy regimens.
The mechanisms and symptoms of CIPN vary greatly across
drug types, each potentially requiring unique management
strategies [31, 32]. Moreover, CIPN can have important clin-
ical implications for those receiving taxanes; 17% of those
receiving taxanes require a dose reduction due to symp-
toms of CIPN specifically [10]. Taxane dose reduction is
of significant concern as tumour control is associated with
increased dose intensity [33]. Additionally, although CIPN
severity often decreases gradually after treatment, symptoms
frequently persist for at least 6 months after treatment ces-
sation [14]. Therefore, identifying exercise as a potential
adjunctive treatment to reduce the severity and/or risk of
CIPN symptoms could benefit the immediate and long-term
outcomes of treatment and reduce the impact of treatment
well beyond chemotherapy termination. Thus, we system-
atically reviewed and meta-analysed the effect of exercise
interventions before and/or during taxane-containing chemo-
therapy regimens on CIPN, fatigue, and HR-QoL in women
undergoing breast cancer treatment.

Methods

This systematic review was prospectively registered in the
PROSPERO prospective register of systematic reviews
(CRD42021272036) and followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [34]. There were some minor deviations from the
study protocol, which are outlined and justified in Supple-
mentary Material 1.

Search strategy

An electronic search of PubMed, EMBASE, Cochrane
Central, SPORTDiscus, CINAHL, ClinicalTrials.gov, and
ISRTCN was run independently by two authors (RB-S, JT)
from inception to 15th September 2022. Within the search,
three key concepts were used, specifically breast cancer,
exercise, and taxane-containing chemotherapy regimes in
addition to their synonyms and controlled vocabulary (e.g.
Medical Subject Headings). The search strategy used for
each database is presented in Supplementary Material 2.

Eligibility criteria

To be included in this review, studies had to be randomised
control trials (RCTs) that recruited women with a breast can-
cer diagnosis, receiving any chemotherapy regimen containing
taxanes. Participants had to have been> 18 years old and ran-
domised to either receive an exercise intervention before and/
or during treatment or to usual care. We operationalised the
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control group as a group of participants that received standard
care only or standard care plus the recommendation to follow
general physical activity and/or healthy eating guidelines but
did not receive the intended study intervention. Full-text articles
in any language were eligible. It was required that outcomes
included at least one of the following symptoms: CIPN, fatigue,
or HR-QoL. Reviews, magazines, surveys, opinion pieces, com-
mentaries, books, periodicals, editorials, conference abstracts,
and case studies were excluded as were quasi-experimental,
observational, and cross-over studies.

The exercise intervention must have been performed
before and/or during the taxane-containing chemotherapy
regimen. For the purpose of this review, exercise was defined
as a subset of physical activity that is planned, structured,
and repetitive and purposefully undertaken to improve health
or fitness [35]. Interventions must have included a minimum
of two exercise sessions and could have been aerobic, resist-
ance, physical therapy, home-based, facility-based, unsuper-
vised, or supervised. Exercise interventions could also have
been given alongside a nutritional intervention. Included
studies were required to provide data for a baseline assess-
ment before any chemotherapy or exercise and a follow-up
assessment immediately after chemotherapy termination. If
the intervention continued beyond the end of chemotherapy,
there must be data for included measures from an assessment
point at the end of chemotherapy that could be compared to
baseline.

Outcomes

The outcomes included in this review were symptoms of
CIPN, fatigue, and HR-QoL. The primary outcome was the
difference in CIPN symptoms between intervention and
usual care groups. For a CIPN outcome to be included in the
systematic review, it must have been either generated from
a CIPN-specific measure (e.g. EORTC QLQ-30 CIPN20)
or be a previously reported, and specifically tested, CIPN
symptom (e.g. balance). If not derived from a dedicated
questionnaire, other measures of symptoms must have been
explicitly assessing CIPN. Eligible symptoms included posi-
tive motor and sensory symptoms (hyperalgesia, allodynia,
pain, dysesthesia, paraesthesia, muscle cramps, muscle
aches) and negative motor and sensory symptoms (numb-
ness, impaired fine motor skills, disturbance of vibratory and
proprioceptive sensations, including balance and falls) [16,
36—40]. Secondary outcomes were differences in fatigue and
HR-QoL. For a fatigue or HR-QoL outcome to be included
in the systematic review, it must have been either a patient-
or physician-reported index score, or subscale, of a fatigue
or HR-QoL-specific assessment tool. The difference between
baseline and follow-up scores from the intervention and
usual care groups were compared for all outcomes.

Study selection

After the completion of the literature searches, studies were
collated into an Excel spreadsheet, and duplicates were
removed by one reviewer (RB-S). Two reviewers (RB-S, JT)
then independently screened titles and abstracts for eligibil-
ity. Full texts were then obtained for all studies that needed
further assessment for eligibility. The same two reviewers
then independently examined each full-text manuscript. Any
disagreements were resolved via consensus meetings and
consultation with a third author (STO).

Data extraction

Data extraction was completed in duplicate by two reviewers
(RB-S and JT) using a piloted data extraction form. The data
items that were extracted from the included studies were
authors, title, year of publication, study design, sample size,
participant characteristics (e.g. age), treatment details, type
and characteristics of the intervention and usual care groups,
outcome measures, baseline and follow-up data (mean and
SD), and rates of adherence to intervention. In the case of
missing data, corresponding authors were contacted on at
least two occasions within a 1-month period. If SDs were
not reported, we collected other relevant data that could be
converted to SDs, such as 95% confidence intervals (CIs)
or p-values.

Risk of bias

The Cochrane risk of bias tool for randomised trials (RoB2)
[41] was used to assess the risk of bias for each study out-
come of interest within each study. Judgements were made
independently by two authors (RB-S, JT), with any disagree-
ments being resolved by discussion and consensus. Avail-
ability of data was considered sufficient when there was data
for 85% of randomised participants. This was based on the
trial context potentially resulting in higher rates of dropout
when compared to trials of pharmaceutical interventions.

When a meta-analysis included 10 or more effect sizes,
the risk of bias due to missing results in a synthesis was
explored with Egger’s test of the intercept [42] and by visu-
ally inspecting a funnel plot of the effect estimates plotted
against their corresponding sampling variance.

Quality of evidence

The quality of evidence found was assessed using the Grades
of Recommendation, Assessment, Development, and Evalu-
ation (GRADE) approach [43]. Risk of bias, inconsistency
of results, indirectness of evidence, imprecision of results,
and publication bias were assessed for each individual out-
come. The evidence was downgraded by one level if judged
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to have a serious limitation or by two levels if judged to have
a very serious limitation. GRADE assessments were per-
formed by two independent authors (RB-S, JT), and conflicts
were resolved through consensus.

Statistical analysis

A meta-analysis of standardised mean differences (SMDs)
between exercise and usual care groups was performed
where two or more trials reported the same outcome. SMDs
were calculated as the between-group difference in change
scores (or difference in post-intervention scores if change
scores were not available) divided by the pooled SD at
baseline [44]. If SDs were not presented in the study, the
SD was estimated from the reported standard error, 95%
CI, or p-value. Qualitative descriptors used to interpret the
strength of the SMDs were based on Cohen’s criteria [45]
(x): trivial (<0.2), small (0.2 to 0.49), moderate (0.5 to
0.79), and large (>0.8).

Meta-analyses were performed with a random effect
model using the inverse-variance method, where the weight
of each study is the inverse of the variance of the effect esti-
mate. The random effect model was chosen to incorporate
potential heterogeneity. Cls and test statistics were calcu-
lated via a #-distribution using the Hartung-Knapp-Sidik-
Jonkman (HKSJ) approach [46]. When a meta-analysis
included more than one outcome measure from the same
study, effect estimates were nested within studies using a
multi-level structure to account for correlated effects [47].

A y* test was used to assess heterogeneity, with p <0.1
indicating a significant degree of heterogeneity. The I
statistic was then used to assess the percentage of vari-
ability in effect estimates due to heterogeneity rather than
sampling error. The I? thresholds used were in line with
Cochrane guidelines; 0-40% (‘might not be important’),
30-60% (‘may represent moderate heterogeneity’), 50-90%
(‘may represent substantial heterogeneity’), and 75-100%
(‘considerable heterogeneity’) [48]. When a meta-analysis
included 10 or more effect estimates and there was evi-
dence of at least moderate heterogeneity, we performed
meta-regressions to explore sources of heterogeneity,
specifically the impact of the covariates (1) whether the
outcome was objectively or subjectively measured and (2)
whether the outcome assessed sensory symptoms or motor/
autonomic symptoms.

We conducted sensitivity analyses on the main meta-anal-
ysis models to explore whether decisions made in the review
process influenced the overall findings. Sensitivity analyses
involved (1) computing test statistics and 95% Cls based
on a normal (z) distribution rather than a z-distribution; (2)
using imputed change-from-baseline SD to calculate effect
estimates, rather than the SD at baseline; and (3) exclud-
ing studies where participants received chemoradiotherapy.
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Change-from-baseline SD was imputed using a correlation
coefficient of 0.7 [49, 50]. We then performed a leave-one-
out sensitivity analysis to assess whether removing an indi-
vidual effect estimate from a meta-analysis influenced the
model parameters.

Statistical analyses were conducted using R version
4.0.4 (R Foundation for Statistical Computing, Vienna,
Austria). Statistical significance was set at p <0.05. Data
are presented as effect estimates with their corresponding
95% CI. The search results, dataset, and statistical analysis
are available on Open Science Framework (OSF) repository
(https://osf.i0o/bg896/?view_only=d70613ca97fb41689207
a1a240b090df).

Results
Study selection

The search of included databases generated 3673 results,
of which 1415 were duplicates, and 2258 were screened by
title and abstract. Full-text screening of 169 articles found
10 trials that met the eligibility criteria. One of the trials has
data reported in two different papers [51, 52]. A summary of
the study selection process is presented in Fig. 1.

‘Near misses’

A total of 32 studies were judged to meet many, but not all,
of the eligibility criteria (i.e. ‘near misses’). The primary
exclusion reason shared by all ‘near miss’ studies was the
inclusion of participants receiving a mixture of chemother-
apy types and the lack of a distinct dataset for those partici-
pants receiving taxane-containing chemotherapies. A full list
of these studies and justifications for exclusion are presented
in Supplementary Material 3.

Study characteristics

A summary of general study characteristics is presented in
Table 1. A total of 896 participants were included in this
review, of which 171 were included in the primary CIPN
meta-analysis, 737 included in the fatigue meta-analysis,
and 609 included in the HR-QoL meta-analysis. Eight of
the studies compared an exercise group to a usual care group
[53-60], while two studies compared an immediate exercise
group to a delayed exercise group that received usual care
during the study [51, 52, 61]. One study included patients
who had potentially received both chemotherapy and radio-
therapy between baseline and post-intervention assessment
[61]. Two of the studies were undertaken in Canada [51-53],
one in Turkey [58], two in the USA [55, 59], one in Germany
[60], and four in France [54, 56, 57, 61].
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Identification of studies via databases and registers

Search results from databases (n=3673)
PubMed (n=897)
EMBASE (n=1372)
Cochrane Central (n=707)
SportDiscus (n=80)
CINAHL (n=407)
ClinicalTrials.gov (n=192)
ISRCTN (n=18)

Identification

Duplicates removed (n=1415)

Records after duplicates removed
(n=2258)

!

| Records Screened (n=2258) |

Records excluded based on title or abstract (n=2089)

v

Screening

Full-texts reports retrieved (n=169) |

¥ >

Full-texts reports assessed for eligibility
(n=169) .

y

Studies included in review (n=10)
Reports of included studies (n=11)

Included

Full-text articles excluded (n=158)

111- did not involve participants that were breast cancer
patients recceiving any chemotherapy regime containing
taxanes.

25- did not use the following outcomes; symptoms of
neurotoxicity, Quality of Life and fatigue.

8- participants received an no exercise intervention or one
exclusively after treatment

7- reviews, magazines, surveys, opinion pieces, commentaries,
books, periodicals, editorials, conference abstracts, case studies
4- did not include a control/usual care/active control group that
did not receive an exercise intervention

3- quasi-experimental, observational, or cross-over study.

Fig. 1 Summary of study selection process

There was a wide variety of exercise interventions
included in this review. A summary of intervention char-
acteristics is presented in Table 2. The duration of exercise
interventions ranged from 2 to 12 months. One study did
not report duration [55], one conducted the intervention for
the duration of chemotherapy treatment and it continued
for a further 6 weeks afterwards [60], and one commenced
with chemotherapy and continued until symptoms of CIPN
had subsided [53]. The type of exercise given to partici-
pants varied between studies, with some studies using a
combination of resistance and aerobic exercises [51, 52, 54,
56, 57], combined strengthening, stretching, and balancing
exercises [58], aerobic exercise via video recordings [59], or
less strenuous physical training and sensorimotor exercises
[60], Tibetan yoga [55], or nerve gliding exercises [53].
The frequency of interventions ranged from four sessions
over the course of chemotherapy to three times daily, and
session duration ranged from 5 to 90 min. Six studies pro-
vided some supervised sessions [51, 52, 54-58]. Nine of

the studies had interventions during chemotherapy [53-61],
and one began the intervention up to 1 week before chemo-
therapy [51, 52].

Quality of evidence

GRADE assessments showed that the quality of evidence
for CIPN and HR-QoL was moderate. The meta-analysis
data of both outcomes were judged to have, and down-
graded for, serious imprecision due to low median sample
size and a small number of included studies. The qual-
ity of evidence for fatigue was found to be very low. This
was due to the high risk of bias found within one of the
studies included in the fatigue meta-analysis, imprecision
due to low sample size and a small number of included
studies, and serious inconsistency of results. The results
of the GRADE assessment can be found in Supplementary
Material 4.
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Risk of bias

The risk of bias was evaluated for all outcomes included in the
review (CIPN, fatigue, and HR-QoL). A common concern was
the lack of blinding of outcome assessors, which resulted in
consistent judgement of some concerns due to possible devi-
ations from the intended interventions. An additional com-
mon source of bias was due to missing data from participant
drop-out and a failure to correct for, or identify, any potential
bias. Three studies conducted appropriate intention-to-treat
analyses [56, 57, 61]; however, only one detailed a method of
imputation [56]. The risk of bias for the fatigue meta-analysis
was judged to be high due to high risk of bias in a single
included study [55]. This judgement was the result of a high
participant attrition rate. A summary of the results of the risk
of bias assessment can be found in Supplementary Material 5.

Effect on CIPN symptoms

The combined results of four RCTs [51-53, 58, 60] consisting
of 20 effect estimates and 171 participants showed a reduc-
tion in CIPN symptoms following exercise compared with
usual care (SMD —0.71, 95% CI—1.24 to—0.17, p=0.012;
moderate-quality evidence; Fig. 2A). There was evidence of
considerable heterogeneity (I>=76.9%, p <0.001).

Effect on fatigue

The pooled results from seven RCTs [51, 52, 54-57, 59, 61]
consisting of 8 effect estimates and 737 participants showed
no difference in the levels of fatigue between exercise and
usual care groups (SMD —0.39, 95% CI—0.95 to 0.18,
p=0.15; very low-quality evidence; Fig. 2B). There was evi-
dence of considerable heterogeneity (I*=90.1%, p <0.001).

Effect on HR-QoL

Based on the data from six RCTs [51, 52, 54, 56, 57, 59, 61]
comprising 8 effect estimates and 609 participants, exercise
interventions before and/or during taxane-containing chemo-
therapy regimens improved HR-QoL (SMD 0.42, 95% CI
0.07 to 0.76, p=0.03; moderate-quality evidence; Fig. 2C).
There was moderate heterogeneity of intervention effects
(P =49.6%, p=0.06).

Adverse events

Five studies found no serious adverse events related to the
exercise intervention [51, 52, 54-56, 60]. One study reported
no difference in exercise adverse events between control and
intervention [59]. One study reported no grade 3 or 4 toxic-
ity in patients in relation to the intervention, but 2 types of
adverse events (fatigue and myalgia or arthralgia) for whom it

was difficult to determine their origin (cancer, chemotherapy,
or intervention). Tendinitis and a calf snap may have been
associated with the intervention [61]. Three studies did not
report adverse events related to the intervention [53, 57, 58].

Sensitivity analysis

The use of a z distribution instead of a 7 distribution to com-
pute the test statistics, change score SDs as the denominator
in the calculation of SMDs instead of baseline SDs, and
imputed change score SDs for the CIPN, fatigue, and HR-
QoL meta-analyses, did not meaningfully influence the
results. All sensitivity analyses can be found in Supplemen-
tary Material 6. The removal of each observation, in turn,
had no significant impact on the effect estimate or level of
heterogeneity in either the CIPN or fatigue meta-analysis.
However, removing one effect estimate [54] changed the
HR-QoL meta-analysis SMD so that it crossed the line of no
effect. Removing Vincent et al. [61] from all meta-analyses,
due to participants in that study receiving concomitant radio-
therapy, did not impact the significance of any outcome. All
results from the leave-one-out analysis are detailed in Sup-
plementary Material 7.

Meta-regressions

Meta-regressions are presented in Supplementary Material
8. The covariates had a negligible influence on the level
of heterogeneity. Meta-regressions were not undertaken
for fatigue or HR-QoL effects because the meta-analyses
included less than 10 effect estimates.

Discussion

This is the first study to synthesise data on the effects of
exercise interventions before and/or during taxane-contain-
ing chemotherapy treatment on CIPN symptoms in women
with breast cancer. This gives a unique insight into the
potentially protective benefits of engaging in exercise dur-
ing a taxane-containing chemotherapy regimen. Our find-
ings show that performing exercise before and/or during
taxane-containing regimens reduced symptoms of CIPN
and improved HR-QoL. There was no evidence of an effect
of exercise on fatigue. The evidence for CIPN and HR-QoL
was judged to be of moderate quality, while the available
evidence for the impact on fatigue was judged to be very low.

Several papers previously reported that exercise improves
CIPN symptoms in patients with cancer [26]; however, pre-
vious evidence syntheses have not considered the potential
therapeutic benefits of performing exercise before and/or
during taxane-containing chemotherapy in women with
breast cancer. Nevertheless, the finding that an exercise

@ Springer
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First author Measure ) . Weight SMD [95% Cl)
Favorsintervention  Favors usualcare
Hammond (2020) NPRS - 4.56% -1.56(-2.21,-0.91)
Simsek (2021) CIPNAT Numbness in the foot oom 5.60% -1.42(-1.99,-0.86)
Volimers (2018) Sway Area (monopedal- right) - 4 3.23% -1.40[-2.13,-0.67)
Simsek (2021) CIPNAT Distress Situation L] 5.64% -1.37[-1.93,-0.81)
Simsek (2021) CIPNAT Discomfort ] 5.74% -1.21(-1.76, -0.66)
Simsek (2021) CIPNAT Pain - 5.74% -1.21[-1.76, -0.66)
Simsek (2021) CIPNAT Cold Sensitivity - 5.77% -1.15[-1.69, -0.60)
Volimers (2018) Sway Area (monopedal- left) . 3.29% -1.14(-1.84,-0.43)
Simsek (2021) CIPNAT Weakness - 5.82% -1.07 [-1.61, -0.53)
Simsek (2021) CIPNAT Numbness in the hand —a— 5.83% -1.05[-1.59,-0.51)
Simsek (2021) CIPNAT Tingling in the hand - 5.98% -0.72[-1.24,-0.20)
Hammend (2020) S-LANSS - 5.10% -0.69 [-1.26,-0.13)
Simsek (2021) CIPNAT Tingling in the foot ] 6.03% -0.59 [-1.11,-0.08)
Hammond (2020) Pain Pressure - 5.09% -0.57 [-1.13, -0.00)
Hammend (2020) Vibration (Right) - 4 5.04% -0.23[-0.80, 0.34)
Simsek (2021) CIPNAT Loss of balance - 6.11% -0.22(-0.73, 0.29)
Bland (2019); Kirkham (2020) CIPN20 Motor Symptoms . 3.40% -0.18[-0.94, 0.58)
Bland (2019); Kirkham (2020) CIPN20 Sensory Symptoms - 3.41% -0.04 [-0.80, 0.72)
Hammend (2020) Vibration (Left) - 521% -0.02[-0.56, 0.53)
Bland (2019); Kirkham (2020) CIPN20 Autonomic Symptoms k . 3.40% 0.27 [-0.50, 1.03)
1A2 = 76.86% e —— 100.00% -0.71[-1.24, -0.17)
-3 2 -1 [} 1 2
Standardised mean difference (SMD)
First author Measure Favorsintervention  Favors usual care Weight SMD [95% Cl]
Bland et al. (2019); Kirkham et al. (2020) PFS t . . 2.01% -1.96[-2.88, -1.04)
Sturgeon et al. (2022) MFSI-SF Fatigue Index . ‘ 1.76% -0.92[-1.99, 0.15)
Carayol et al. (2020) MF1 General Fatigue v 3.12% -0.55 [-0.89, -0.20)
Chaoul et al. (2018) BFI —a—i 3.14% -0.14 [-0.47, 0.19)
Jacot et al. (2020) MF1-20 - 42.21% -0.13(-0.35, 0.10)
Comette et al. (2016) MFI-20 » . 265% -0.11[-0.71, 0.48)
Jacot et al. (2020) EORTC QLQ-C30 Fatigue E B 42.21% 0.02[-0.20, 0.25)
Vincent et al. (2020) MFI-20 ——i 2.90% 0.29(-0.18, 0.76)
"2 =90.07% —— 100.00% -0.39 [-0.95, 0.18]
-3 -2 -1 0 1
Standardised mean difference (SMD)
First author Measure Favorsusualcare  Favorsintervention Weight  SMD [95% ClI]
Comette et al. (2016) EORTC QLQ-C30 e - 12.73% 0.15[-0.45, 0.74)
Jacot et al. (2020) EORTC QLQ-C30 - 25.37% 0.15[-0.07, 0.38)
Vincent et al. (2020) EORTC QLQ-C30 —— 16.27% 0.26 [-0.21, 0.73]
Carayol et al. (2020) EORTC QLQ-C30 . 20.79% 0.42[0.08, 0.77)
Sturgeon et al. (2022) SF-36 Emotional Role ’ - ‘ 6.01% 0.70 [-0.35, 1.74)
Bland et al. (2019); Kirkham et al. (2020) EORTC QLQ-30 ’ - ‘ 8.70% 0.86(0.07, 1.65)
Sturgeon et al. (2022) SF-36 Pain ‘ . . 5.67% 1.05[-0.03, 2.14)
Sturgeon et al. (2022) SF-36 Physical Function . ‘ 4.45% 2.02(0.77,3.26)
1"2 = 49.55% o 100.00% 0.42(0.07, 0.76)

-1 0 1 2 3 4
Standardised mean difference (SMD)

@ Springer



Journal of Cancer Survivorship

«Fig. 2 Forest plots of the results from multi-level random-effect meta-
analyses on exercise intervention effects on A CIPN symptoms, B
fatigue, and C HR-QoL. Data are presented as SMDs between exer-
cise and usual care groups with corresponding 95% confidence inter-
vals (95% CI). NPRS Numeric Pain Rating Scale, CIPNAT chemo-
therapy-induced peripheral neuropathy assessment tool, S-LANSS
self-report version of leeds assessment for neuropathic symptoms
and signs, CIPN20 The European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire CIPN20, EORTC
QLQ-30 The European Organisation for Research and Treatment
of Cancer Quality of Life Questionnaire-30, SF-36 36-Item Short
Form Health Survey questionnaire, PFS Piper Fatigue Scale, MFSI-
SF Multidimensional Fatigue Symptom Inventory-Short Form, MFI
Multidimensional Fatigue Inventory, BFI Brief Fatigue Inventory

programme before and/or during taxane-containing chemo-
therapy regimens leads to higher levels of HR-QoL is con-
sistent with the findings from a recent meta-analysis of RCTs
that included a combination of treatment regimens, cancer
types, and exercise intervention timings around chemother-
apy (including after) [62].

The physiological mechanisms underpinning any preven-
tive or attenuating effect of exercise on CIPN are currently
unknown. However, the modelling of traumatic nerve injury
in human and murine models has provided some mechanistic
insight. For example, exercise has been shown to upregulate
the expression of brain-derived neurotrophic factor (BDNF),
insulin-like growth factor 1 (IGF-1) [20], and the anti-
inflammatory cytokines IL-10 and IL-1RA [63, 64], poten-
tially indicating a pathway of alleviating the nerve damage
and/or attenuating inflammation that has been implicated in
the aetiology of CIPN and its symptoms [65]. Furthermore,
taxanes have been shown to induce opening of mitochon-
drial permeability transition pores (MPTP) in axons, lead-
ing to the loss of membrane potential, reduced ATP, mito-
chondrial swelling, increased reactive oxygen species, and
calcium release [66]. Exercise can increase the antioxidant
capacity and electron transport chain efficiency of mitochon-
dria, and preclinical studies have shown that acute exercise
increases the ability of mitochondria to accumulate Ca®*
before opening MPTP [22]. The understanding of psycho-
social mechanisms underpinning any effect of exercise on
CIPN is perhaps limited to the reported associations between
exercise and mental health (e.g. improved mood, anxiety,
depression) [65]. In this respect, exercise may exert some of
its influence on CIPN by modulating the known relationship
between CIPN, fatigue, anxiety, and depression [67, 68].
Furthermore, because pre-treatment anxiety is associated
with higher incidence of CIPN development [68], reducing
pre-treatment anxiety via exercise performed before and/or
during treatment may at least partially explain any effect
observed.

Although this systematic review gives a unique insight
into the impact of exercise before and/or during chemother-
apy, it has some important limitations. There were some

minor deviations from the pre-registered protocol, all of
which have been documented and justified in Supplementary
Material 1. Additionally, a limited number of studies were
eligible to be included in this review, which demonstrates
a problematic lack of research into exercise before and/or
during taxane-containing chemotherapy regimens on CIPN,
fatigue, and HR-QoL. The risk of bias also highlighted some
concerns in both the CIPN and HR-QoL meta-analyses,
partly due to a lack of blinding. This factor is challenging
to overcome due to the context of the research. However,
although blinding is impossible, investigations into any
potential bias that this may cause would be beneficial. The
quality of evidence for the fatigue meta-analysis was judged
to be very low due to a high risk of bias and serious incon-
sistency. Furthermore, it must be noted that the significance
of the output of the HR-QoL meta-analysis was reliant on
the inclusion of a single effect estimate [54], suggesting the
need for further research to increase the robustness of this
outcome. Therefore, additional high-quality evidence is
required to fully evaluate the impact of an exercise interven-
tion before and/or during taxane-containing chemotherapy
on fatigue and HR-QoL levels.

Furthermore, the diversity of interventions and out-
come measurements makes the convergence of data from
the included studies challenging and led to considerable
between-study heterogeneity. The number of sessions ranged
from 4 in total throughout chemotherapy to 21 times a week
(3 sessions daily) and session duration ranged from 15 to
90 min. This limits the relevance of the effect point esti-
mates, as there may be considerable variation in the effec-
tiveness of interventions. A number of the included stud-
ies used interventions that were a combination of muscle
strengthening and aerobic exercise [51, 52, 54, 56, 57, 61]
or muscle strengthening and stretching exercises [58] while
others used exercise interventions having a much lower
intensity such as nerve gliding exercises [53] and yoga [55].
High levels of clinical heterogeneity could provide a partial
explanation for the statistical heterogeneity observed in all
three meta-analyses. High clinical heterogeneity can also
lead to inaccurate conclusions and ultimately mislead deci-
sion-making [69]. Finally, the diversity of outcome measure-
ments could limit the power of combined results. The small
number of eligible studies rendered pooling only those stud-
ies that had the same outcome measures impossible. How-
ever, we chose a priori to incorporate potential heterogeneity
into a random effects model under the assumption that the
effects of exercise on different CIPN symptoms would be
different, yet related, and would follow a normal distribu-
tion. The issue of varied and subjective CIPN measurements
is one that appears in clinical practice. When interviewed,
clinicians have previously expressed that one of the main
barriers to CIPN assessment and management was ‘CIPN
assessment practice patterns (e.g. use of subjective instead
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of objective CIPN assessment approaches)’ [70]. Therefore,
increasing consistency in CIPN measurement will benefit
research convergence as well as active clinical manage-
ment. Future studies should focus on maximising evidence
quality, by limiting the impact of missing data, working to
reduce bias due to lack of participant blinding by blinding
outcome assessors and data analysts, increasing the use of
patient-centred measures, and striving towards a consistent
and holistic CIPN measure.

A key strength of this evidence synthesis was the rig-
orous methodological approach, which included multiple
sensitivity analyses of the main meta-analysis findings and
a leave-one-out analysis, to individually assess the impact
of each included observation. Additionally, heterogeneity
was explored using meta-regressions were appropriate. The
protocol and analysis plan were prospectively registered in
the PROSPERO prospective register of systematic reviews
(ref: CRD42021272036), and the search results, data, and
statistical code are publicly available on OSF. Furthermore,
we did not restrict the literature search to manuscripts only
available in English, thus reducing the chance of missing any
relevant studies written in other languages.

Conclusion

This review found reduced levels of CIPN symptoms and
a higher HR-QoL in women with breast cancer who exer-
cised before and/or during taxane-containing chemotherapy
regimens, when compared to a usual care group. In contrast,
there was no evidence of an effect of exercise on fatigue.
Therefore, these results support the use of exercise, as an
adjunct treatment before and/or during a taxane-containing
treatment regimen for breast cancer, to reduce CIPN symp-
toms and improve HR-QoL.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11764-023-01450-w.
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