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Can physical exercise prevent chemotherapy-induced peripheral neuropathy in patients

with cancer? A systematic review and meta-analysis.

Abstract

Objective: This systematic review analyzed the effects of physical exercise programs in patients
with cancer undergoing chemotherapy on Chemotherapy-induced Peripheral Neuropathy (CIPN)

prevention.

Data Sources: PubMed, Web of Science, Scopus, and Cochrane Library were searched for
relevant studies published before December 2020. Additional references were identified by

manual screening of the reference lists.

Study Selection: Based on the PICOS strategy, randomized controlled trials in which physical
exercise was applied before or during chemotherapy to prevent or ameliorate CIPN were

included.

Data Extraction: Two reviewers blinded and independent screened the articles, scored
methodologic quality, and extracted data for analysis. The review was conducted and reported
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement
(PRISMA). Sensitivity and precision analysis databases was included. Risk of bias assessment

and meta-analysis were conducted using the Cochrane tools.

Data Synthesis: Of 229 potentially relevant studies, eight randomized controlled trials were
included and scored. They comprise a total of 618 patients with cancer. Medline and Scopus
databases recorded the highest sensitivity. None of the studies achieved a “low” overall risk of
bias. Four studies were included in meta-analysis for quality of life, and a significance
standardized mean difference was found between groups from baseline of 14.62, 95% CI 6.03,
23.20, with a large effect size g= .83, 95% CI .48, 1.18) in favor to physical exercise program

compared with usual care.

Conclusions: Physical exercise at the onset of chemotherapy has shown promising effects on the

prevention of CIPN, specially improving quality of life.
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List of abbreviations:

CIPN: Chemotherapy-induced peripheral neuropathy

EORTC QLQ-C30: European Organization for Research and Treatment of Cancer Quality of life

Questionnaire core 30.

EORCT-CIPN20: European Organization for Research and Treatment of Cancer Quality of Life

Questionnaire—Chemotherapy-Induced Peripheral Neuropathy 20-Item Scale

FACT/GOG-NTX: Functional Assessment of Cancer Therapy/Gynecologic Oncology Group

Neurotoxicity

FITT: Frequency, intensity, time and type

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines

PROSPERO: International Prospective Register of Ongoing Systematic Reviews

RCT: Randomized controlled trial

TOI: Trial Outcome Index

VAS: Visual Analog Scale



o 0o~ W N

~

10
11
12
13

14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29

Introduction

The powerful effects of physical exercise are increasingly evident in worldwide
populations?; its physical, mental and social benefits justify its success against systemic
processes such as cancer?. In recent decades, physical exercise in patients with cancer has
shifted from health to a therapeutic focus®. A recognized advance has been the initiation of
physical exercise programs in patients who undergo active treatments*®. Some researchers have
shown that patients who are physically active following a diagnosis of cancer have a lower risk of
cancer recurrence and mortality with less severe side effects”®. Therefore, due to improvements
in the immune system and chemotherapy delivery, physical exercise is considered an important
adjunct therapy in the management of cancer itself®. For that reason, oncologists should
encourage their patients (if there is no contraindication) to remain physically activel®. Physical
exercise must be tailored though prescriptions for frequency, intensity, time and type (FITT)

following the guideline recommendations*

One of the most commonly used therapeutic applications of physical exercise is to ameliorate
chemotherapy-induced peripheral neuropathy (CIPN)*2%3, which is a dose-limiting toxicity exerted
on the peripheral nervous system. CIPN symptoms are mainly sensory and usually include acral
pain and paraesthesia, accompanied by allodynia and hyperalgesia'* that appears in the hands
and feet, including impaired perception of vibration sense and proprioception®. The loss of
sensitivity plus possible muscle weakness lead to moderate to severe balance problems, which
might result in falls'®7. Therefore, considering these symptoms and signs, it is logical to include
CIPN among factors involved in the deterioration of a patient's quality of life8. This translates into
an average $17,344 surcharge as a result of hospitalization and outpatient costs derived from
CIPN®. CIPN is an alarming process because drugs or complementary therapies are not as
effective as expected?>?!, In contrast, physical exercise programs appear to be feasible and
effective at reducing CIPN symptoms?2. Thus, the impact of CIPN in addition to the associated
health costs'® has led researchers and clinicians to question which dose of physical exercise is

more suitable in patients with cancer for prevention of CIPN.

To our knowledge, there are few reviews about the effects of physical exercise programs on CIPN

prevention. One analyzed pharmacological and nonpharmacological therapies and revealed that

3
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the level of evidence and grade of recommendation for exercise is 1IC%; that is, insufficient
evidence for efficacy does not outweigh the risk or disadvantages. This statement was justified
by a single but well-designed randomized controlled trial (RCT) (although with low power and
inconsistent findings). Another narrative review focused on different options for the prevention
and treatment of CIPN suggested that exercise may be used in an attempt to avoid occurrences
of CIPN?. However, this narrative review utilized a basic methodology whose results were
inconclusive and called for additional supporting data. Recently, another review focused mainly
on behavior and physical exercise?®. Despite the identified evidence related to existing behavioral
and exercise interventions for preventing or managing symptoms of CIPN, Tanay and
colleagues® were interested in understanding the psychological mechanisms of action that may
have influenced an individual to perform exercise to manage CIPN. Among potential records
under review, there is one registration related to physical activity and exercise to prevent CIPN in
a very early review phase, and it is not yet published?. Although it lacks a meta-analysis, its
objective is largely focused on falls and impaired balance, although CIPN is a more complex
syndrome, as described above. Furthermore, in 2019, A Hammond and colleagues?® indicated
that future research needs to identify the specifics of exercise prescriptions (intensity, frequency,
duration, and type) to provide the most benefit for the prevention of CIPN. Thus, there are still
some gaps to be addressed. More evidence is needed to justify the prevention or reduction of
CIPN incidence as a primary endpoint?® and to clarify the impact of physical exercise programs

on CIPN and related outcomes?’.

In view of works already published, this could be the first systematic review with a meta-analysis
that exclusively analyzes physical exercise programs in patients with cancer undergoing
chemotherapy with special emphasis on clarifying the key points of physical exercise programs
to prevent CIPN. For this reason, the aim of this review is a) to synthesize studies that perform
physical exercise during chemotherapy; b) to identify the specific parameters of physical exercise
programs that provide the most beneficial prevention of CIPN in patients with cancer; and c) to

analyze the most relevant outcomes related to CIPN.

Method
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Protocol and registration

To reduce duplication of effort and publication bias?®2°, this study was registered and accepted in
the International Prospective Register of Ongoing Systematic Reviews (PROSPERO) on 20t

November 2020 and can be accessed at_https://www.crd.york.ac.uk/prospero/ with the following

registration code: CRD42020214356. The registration in PROSPERO was done when preliminary
searches and piloting of the study selection process were performed. This study adheres to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines®.
The specific question posed for this review was: What kind of physical exercise program has the

greatest effect on the prevention of CIPN in patients with cancer?

Eligibility criteria

For this review, only published studies until 20" December 2020 were considered. No restrictions
were placed on year, but publications were limited by English or Spanish language. Based on the
PICOS strategy®, RCTs in which physical exercise was applied before or during chemotherapy
to prevent or ameliorate CIPN were included (Table 1). Prevention of CIPN has been stablished
as any therapy administrated prior to the start of chemotherapy (primary prevention) or the
appearance of moderate to severe CIPN during medical treatment in order to prevent worsening

(secondary prevention)®2.

[INSERT TABLE 1]

Information sources

A detailed literature search was carried out in Medline [via PubMed searcher] (Table 2), Scopus,
Web of Science, and Cochrane Library. The literature search was conducted from 20™ October
to 1st December 2020. Furthermore, an automatic alert notification for new publications was
created in all databases. Apart from this, reference lists of retrieved reports were also manually

searched for additional references.

Selection of sources of evidence


about:blank
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A literature search was conducted by a single reviewer (MLG) using relevant subject headings,
keywords and modifications made according to the databases searched; modifications were
made to fit each database. All articles were retrieved and exported to Rayyan where a single
reviewer removed duplicates in Rayyan®. Then, two independent and blinded reviewers (MLG
and AGS) identified and selected titles and abstracts according to the inclusion criteria. All articles
identified in the first screening process were included in the following one, in which selected
articles were thoroughly read and screened for the inclusion criteria by the same reviewers.
Articles considered eligible after full-text view by mutual consent were included in the final
analysis. Reasons for exclusion were recorded. In case of disagreement, a third external
researcher (NGC) was consulted to make the final decision, and the last researcher calculated

the percentage of agreement.

Synthesis of results

The following data will extract from each article by two independent and blinded reviewers review
(MLG and AGS): (1) general study details: Title, authors, source, and year of publication; (2) study
eligibility: type of study, participants characteristics including, number of participants, age, gender,
diagnosis, type of cancer treatment, stage of cancer, methods including design/allocation,
blinding, sampling, loss to follow-up, and adherence rates, intervention characteristics including
type of physical exercise, types of outcome measures including self-reported outcomes, objective
outcomes; (3) study details: details of intervention including, frequency, intensity, time and type,
program length, and results of the study. The data extraction was documented in a Microsoft
Excel spreadsheet. In addition, a narrative synthesis was carried out according to FITT

prescription®?.

Risk of bias and quality of databases

Since one of the inclusion criteria was RCT design, each article was critically appraised using the
Cochrane Risk of Bias tool RoB 23* by two blinded reviewers (NGC and PPM). The quality of the

chosen databases was also determined by sensitivity/precision analysis.

Data analyses
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Only those studies that measured quality of life, presented all available data, and used usual care
as comparator, were included in our meta-analysis. In those studies, in which the data were not
present in the manuscript, the authors were contacted. The data were extracted from the tables,
the text of the article, or the images that were digitized using the online tool WebPlotDigitizer v.
4.4 (Pacifica, California, USA)®. All studies selected were combined using the random effects
model of the DerSimonian and Laird method, which takes into account variations within and
between studies. In addition, the Hartung-Knapp adjustment was used considering the
uncertainty in the estimation of the variance among the studies of the random effect method?3®.
Forest plots were used to visualize individual study summaries and pooled estimates. To assess
heterogeneity among studies, the Cochran Q statistics were used along with the I1? value. A mean
difference was calculated for each of the original studies, and a two-sided p-value <.05 was
considered statistically significant. Finally, a sensitivity analysis was carried out to study the
consistency of the results. Additionally, Hegdes’ g effect size of each study was calculated in the

meta-analysis. Stata software was used to carry out quantitative combination of the studies.

Results

The initial searches returned 229 studies, 54 of which were removed during duplicate screening.
The title and abstract screening of the remaining 175 studies resulted in 12 studies meeting the
inclusion criteria. Five of these studies were subsequently excluded at the full text phase. One
study was added from the reference list, and none were found with automatic alerts. A total of
eight studies met the inclusion criteria and were assessed. Interrater agreement in the selection
of studies was 48.1%°%". After discussion, the reviewers reached consensus (100%). Details of

the literature search and study selection are shown in Figure 1.

[Insert Figure 1]

Characteristics

A total of 618 patients were included in the narrative synthesis (Table 3). Considering all eight

studies, 318 patients were allocated to the intervention group (IG), and 300 of them were allocated
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to control group (CG). The sample size of the included studies ranged from 28 to 355 patients, of
whom 78% were female, and the average age was 56.63 + 23.17 years in IG and 57.53 + 8.56
years in CG. The most predominant type of cancer was breast (17%)%-4, followed by lymphoma
(13%)*142, colorectal (8%)*3, lung (7%)**4, gastrointestinal cancer (4.5%)* and others not
reported (4%). With respect to treatments, all of them were potentially neurotoxic*¢. The most
common was the administration of docetaxel or paclitaxel in cycles distributed every one, two,
three or four weeks®®-4%, Additionally, other regimens used were platinum derivatives*** and
FOLXOS therapy“®. All patients were chemotherapy-naive, except in one*3, where up to 60% of
patients had received cycles of chemotherapy prior to the study. In another study the prior use of
chemotherapy was not reported**. Most studies reported that the time of the physical exercise

program coincided with chemotherapy treatment.

Comparator

Seven studies compared IG versus CG34%45 and only one conducted superiority study with

physical exercise interventions in all arms=®°,

Physical exercise parameters according to FITT prescriptiont.

Frequency
Among all eight studies, four studies were committed to exercising twice34243, three®, five*

sessions per week or daily*>4!, Other authors not specified*.

Intensity
The most commonly used intensity in endurance proposal was moderate in five studies3839414244.
follow by low-to moderate intensity*34° or not specified*°. Intensity during resistance proposal was

moderate3®®3%41-43 or not reported2.

Time
The duration of physical exercise program was six*!, eight3%43, 123945 18% or 3642 weeks. Others

not specified*044,
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There is variability in the total number of sessions used 16%3, 3638, 4241, 60%° and 72%2. Another
study reported 1800 minutes of walking throughout the program*® or not specified*%44,

The total session time lasted 15%°, 20-50%°, 60 minutes*~*3, or not specified®3%4, In each
session, the time of endurance exercise was ten minutes in two studies**#4. Other reported from

10 up to 50 minutes3*4245 or not specified341,

Type

Four studies used the multimodal approach in their intervention38324243 'which included proposals
of endurance, resistance and balance, two of them also hand and foot specific exercises® or
coordination practice*® were performed. Two studies used a concurrent physical exercise
approach that only included endurance and resistance proposals*:#4. Other physical exercises
included nerve gliding exercises*® and a walking program“.

The sessions were as follows: supervised®#42-44 home-based*’*145 or a mix between supervised

and home-based®°.

Progression

Linear progression in each of the components was used in two studies*4>. While other two
studies used non-linear- based on symptoms and the HR resting® or based on Borg dyspnea

scale* was performed as endurance physical exercise progression.

Adherence

The intervention with lower average adherence was in patients with lymphoma (65%)%?. The
majority of studies obtained at least 80% adherence3®4345, However, there was a decrease in

adherence when resistance proposals were examined, 77%*.. Three studies not specified3840:44,

Adverse effects

Some adverse effects were found, such as cancer recurrence®®, death*44 lymphopenia,
neutropenia and multiorgan failure*, hospitalization due to infection and severe fatigue*®. None

of them were directly related to the intervention. Two studies not specified any adverse effects840,
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Outcomes:

Neurotoxicity

Zimmer and colleagues®® used the subscale of Functional Assessment of Cancer
Therapy/Gynecologic Oncology Group Neurotoxicity (FACT/GOG-NTX) and found an intergroup
significant difference in favor of IG after intervention (p=.002) and at follow-up (p=.015).
Additionally, the European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire—Chemotherapy-Induced Peripheral Neuropathy 20-ltem Scale (EORCT-CIPN20)

was measured in two studies, but no intergroup significant difference was found=82°,

Pain in CIPN

Two studies used the visual analog scale (VAS). Kleckner and colleagues*! found an intergroup
significant differences in favor of IG on hot and coldness symptoms (p=.045, d=.46, 95% CI .01,
.91) after intervention. Hammond and colleagues*® demonstrated a relevant clinical decrease in
pain scores in favor of IG at the end of chemotherapy, although there was no intergroup significant

difference.

Vibration sensitivity

Bland and colleagues® studied the percentages of participants who presented vibration
impairments, and there was an intergroup significant difference in favor of the immediate exercise
group (p< .01) at middle chemotherapy. In another study, a tuning fork with a graduating scale
from O (no sensitivity) to 8 (highest sensitivity) was used, and the average incidence of CIPN was
registered. There was an intergroup significant difference in favor of IG among symptoms
dismissed (P < .001, 87.5% in IG vs 0% in CG) and the number of patients suffering impaired
vibration (P =.002), both after intervention*?. Other study used a vibration sensory analyzer that
delivered random amplitudes while asking patients whether they felt vibration or not and did not

find intergroup differences at any time point“°.

Balance

10
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Vollmers and colleagues used the Fullerton Advances Balance Scale and found an intergroup
significant difference in favor of IG after intervention (p= .004)%8. Stuecher and colleagues*®
measured balance in three static standing positions, and their results did not show intergroup
significant differences at any time point. Another study also measured dynamic balance, although

no intergroup difference was found*.

Sway area

Vollmers and colleagues®® found an intergroup significant difference in favor of IG that showed a
smaller sway area in monopedal stance after intervention (p< .001) and at follow-up (p< .01) in
both feet. Sway area in bipedal stance also showed an intergroup significant difference in favor
of IG after intervention (p= .039). Stuecher and colleagues* measured sway area on a static
surface while patients stood bipodal and demonstrated an intergroup significant difference in favor
of IG during middle chemotherapy (p=.001, d= .59, 95% CI -.10, 1.26) and after intervention (p
=.003, d= .95, 95% CI .19, 1.67). Finally, Streckmann and colleagues“? used static and dynamic
surfaces to measure sway area on monopedal and bipedal stances and found an intergroup
significant difference in favor of IG on static surfaces (p=.035) and on dynamic surfaces (p=.007),
both after intervention, but no intergroup significant difference was found regarding bipedal

stance.

Quality of life

Four studies used the European Organization for Research and Treatment of Cancer Quality of
life Questionnaire Core 30 (EORTC QLQ-C30). First, Bland and colleagues® showed an
intergroup significant difference in favor of the immediate exercise group after intervention (p=.
05). Second, Streckmann and colleagues“? reported an intergroup significant difference in favor
of IG during middle chemotherapy (p= .03), although there was no significance difference after
intervention. Two studies did not report intergroup significant differences in quality of life at any
time point3844, Other study measured quality of life using the Trial Outcome Index (TOIl) of the
FACT/GOG-NTX and reported intergroup significant differences in favor of IG after intervention

(p=.028) and at follow-up (p=.031)*.

Risk of bias and quality of databases

11
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The results of the assessment of risk of bias of the eight included RCTs are shown in Figure 2.
Overall, most of the included studies had a high risk of bias in the overall bias assessment. The
main methodological quality issue was outcome measurement, with "high risk" for a total of six of
the eight studies (75%). Similarly, all of the included studies presented some concerns or a “high
risk” of bias in the selection of the reported results. Therefore, none of the studies achieved a

“low” overall risk of bias; one study demonstrated the least bias*3. (Figure 3).

[Insert Figure 2 and Figure 3]

Sensitivity and precision of each database

The database that reported the majority of results was Scopus, although it had the lowest
precision (Table 4). It was also the database that found the highest sensitivity together with

Medline. None of the databases identified unique hits.

[Insert Table 4]

Meta-analysis

Of the six studies in the systematic review that measured quality of life, it was only possible to
include four in the meta-analysis®#*4, Three studies reported scores on the EORCT QLQ-
C30%%4244 and the TOI*3. Their scores all ranged from 0-100 before and after the physical exercise
program, adding a total of 137 participants (66 in the intervention group and 71 in the control
group). To homogenize the sample and include only control group studies, the "end of
chemotherapy" evaluation was used in the study of Bland and colleagues®® since one of the two
groups can be considered a control up to that point. The overall pooled results showed a
statistically significantimprovement in quality of life after the intervention (mean difference: 14.62,
95% CI 6.03, 23.20; I1%: 0.00%, p-heterogeneity = .60) Pooled results are presented in Figure 4.
To investigate whether the treatment estimate is robust when any of the studies are excluded and
to explore the possible source of the heterogeneity, a sensitivity analysis was performed that
excluded one study at a time. This analysis showed no substantial alteration of the main results.
Given the number of articles included (below 10), publication bias was not possible’. Additionally,

Hegdes' g effect size was calculated in a secondary meta-analysis in which Bland and

12
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colleagues® and Streckmann and colleagues*? obtained the largest effect size (g= 1.57, 95% ClI

.71, 2.44 and g=.80, 95% CI .26, 1.34, respectively) (Figure 5).

[Insert Figure 4]

[Insert Figure 5]

Discussion

In this review, we synthesized physical exercise programs undertaken in patients with cancer
undergoing chemotherapy and the relationship with CIPN prevention. The main finding was that
physical exercise has shown promising effects on the prevention or amelioration of CIPN when
prescribed during chemotherapy. The results of the meta-analysis present positive effects of
physical exercise programs on improving cancer-related quality of life compared to usual care.
After this review, we join the recommendation of other studies that suggest exercising regularly

at the onset of neurotoxic treatment*® and providing balance training*® to avoid CIPN.

In summary, as suggested by our meta-analysis results according to FITT prescriptions, to
improve quality of life in patients with cancer who start potentially neurotoxic chemotherapy,
physical exercise programs should include at least two sessions per week3°4243 whose intensity
of aerobic proposals should range between 60-80% HR max*3° or 50-75% HRR3%#4, while the
resistance rate should be between 50-80% 1RM estimated®®43%0, With regard to type, multimodal
(endurance, resistance and balance) physical exercise should be supervised. Finally, with respect
to time, each session should last maximum one hour3%4350 petween eight and 12 weeks3%4350,_ |f
there are patients with inoperable lung cancer physical exercise program could coincide at least
during chemotherapy cycles, increase number of sessions per week (up to six) and reduce the
time during session (up to 8 minutes)*. Taking into account, that physical exercise intervention
with hugest estimated effect size in quality of life was develop by Bland and colleagues®® in
patients with breast cancer (g= 1.57) and the second one was performed by Streckmann and

colleagues*? in patients with lymphoma (g= .80).

13
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Analyzing the recommended FITT prescription, we found that the frequency was in accordance
with the international guidelines for physical activity and cancer®.. In this review, six studies that
reported results in favor of physical exercise programs met the moderate intensity of aerobic
exercise383941-4345  Although this makes it difficult to identify a definitive intensity
recommendation, it is important to note that regardless of the intensity used, there were no
adverse effects reported in any of the reviewed studies. With regard to resistance exercise, adding
this proposal is related to a reduced risk of all-cause mortality in patients with cancer®?. There was
more coincidence around the intensity, the volume and the exercises used, which were highly
analytically oriented to the lower or upper limbs*:43, Despite all of its benefits, we detected a
decrease in adherence when resistance proposal was added, although in general adherence was
high; according to the authors' criteria (> 75%)%3, in our review, the average adherence was 80%.
Finally, our results suggest that multimodal physical exercise programs have more benefit; along
this line, aerobic proposal has been recommended as a key component of physical exercise
programs to treat CIPN by other authors®®. Supervision of the modality by a healthcare
professional could be more appropriate if balance task is included to avoid falls®® because none

of the home-based programs included balance proposals.

In view of the findings, we can only cautiously recommend that neurotoxicity assessment be
measured with TOIs*3. The neurotoxicity score of TOI is not structured to differentiate between
changes in positive or negative neuropathic symptoms and instead proves its worth evaluating
treatment-related neurotoxicity®¢. This could explain the good intergroup results, and TOI could

be a useful tool for follow-up measurements.

For pain relief, concurrent home-based programs could be recommended accompanied by nerve
gliding exercise. Nerve gliding exercises can reduce neural edema, decrease pressure and
restore function by improving pain®’. The acute effect of nerve gliding exercise, associated with
the effects of physical exercise?, is hypoalgesia; therefore, it may be a complement in programs
whose obijective will be to prevent CIPN, but there is also pain. However, a small effect size was
obtained in this review in physical exercise intervention (d=.46)*'. Looking at measurements, the
VAS is a widely used tool to assess pain®® and it is strongly recommended for either pain or

heat/cold in patients undergoing chemotherapy.

14
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Curiously, although vibration impairments are a characteristic symptom in patients suffering from
CIPN?, in the reviewed studies, this was a difficult symptom to evaluate. None of the three articles
used the same measurement method, and only two studies found significant improvements, but
not at the same measured time point. In view of these results, we encourage consensus in
following the ACTTION recommendations®? that emphasize the measurement of vibration within

the Total Neuropathy Score scale.

Similarly, regarding balance, few studies measured it, or they reported global analysis of the
balance test, which can make it difficult to find more explicit differences in more challenging
balance tasks*3. However, one study showed significant benefits in global balance after a physical
exercise program compared to usual care®. All of the studies that measured sway area,
especially monopodal sway (either on static or dynamic surfaces), found improvements in the
group who performed physical exercise compared to the control group. Highlighted the Stuecher
and colleagues study that showed an estimated medium and large effect size using a walking
proposals during chemotherapy in the middle of chemotherapy (d= .59) and after intervention
(d=.95)*. 1t is known that CIPN patients use less proprioceptive information, entailing less
accurate sway area'’. In our review, physical exercise, especially when the balance proposal is
included, can partially correct sway area damage by chemotherapy, according to other

studies®%60,

We were unable to analyze every outcome in the meta-analysis due to the heterogeneity of both
outcomes and programs; therefore, only quality of life was selected. Three of the four studies
included in the meta-analysis were very similar in terms of FITT prescriptions3°4243; therefore, the
heterogeneity of the meta-analysis was absent (0.00%). In this sense, the results of the meta-
analysis support, from a quantitative point of view, the evidence for the benefits of physical
exercise in improving quality of life when performed at the start of chemotherapy. All included
studies support this conclusion, in line with other authors*61.62, These results should be viewed
with caution because none of the four included studies were free of bias. The biggest problem
was in reference to measurement of the outcome and selection of the reported results due to the

lack of previously published or registered study protocols. Sensitivity analysis performed by
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excluding one study at a time showed that the exclusion of studies with more or less risk of bias

did not affect the results®s.

To the best of our knowledge, sensitivity/precision analyses to identify relevant databases have
never been documented within this area. Despite efforts, the sensitivity and precision of most of
the databases were very low; we believe that the lack of the concept of ‘CIPN’ in the thesauri of
notable databases such as Medline and Cochrane influenced our results. We recommend

studying its inclusion given the relevance of the topic.

Strengths and limitations

The strengths of this review were as follows: the reporting was made according to the PRISMA
guidelines; risk of bias assessment was included; a meta-analysis and sensitivity/precision
analyses was conducted. The limitations include the following: none of the studies achieved low
overall risk of bias assessments and heterogeneity in outcomes; the majority of the patients were
women with breast cancer receiving taxane-based chemotherapy, which limits the generalizability
of the data. Besides, one of the main objectives, to identify the specific parameters of physical
exercise programs that provide prevention of CIPN in patients with cancer was not answered
completely because heterogenicity of outcomes. However, it seems that multimodal physical

exercise (balance training included) is more valuable that other interventions.

Future studies should report that the total dose of chemotherapy received during the intervention
due to dose-dependent toxicity*6. Additionally, we believe that the main problem of these studies
has been delimiting the onset of CIPN with a unique outcome. A single dose may damage the
peripheral nervous system®, but patient-reported onset does not occur until 60 days after
chemotherapy®®. An assessment not made after 60 days could be responsible for missing true

cases of CIPN.

Conclusion

In summary, this review presents all physical exercise programs to date to prevent CIPN and

establishes the essential dose for clinicians and patients for success. Supervised multimodal
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physical exercise is feasible and has the potential to improve quality of life and prevent CIPN
symptoms in patients with cancer undergoing chemotherapy. The role of the rehabilitation staff is
to address side effects mostly after the completion of treatments, and they could take care of

prehabilitation interventions to control the impact of treatments against cancer.
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Figure legends

Figure 1. Flow chart according to the PRISMA Statement.

Figure 2. Risk of bias graph: review authors' judgments about each 'Risk of bias' item presented

as percentages across all included studies.

Figure 3. Risk of bias of RCTs included.

Figure 4. Forest plot of studies analysing effects of physical exercise versus usual care on the

quality of life (X axis — standardised mean difference and Y axis — studies included).

Figure 5. Forest plot of studies analysing effects of physical exercise versus usual care on the

quality of life (X axis — effect size (Hegdes’ g) and Y axis — studies included).

27



Identification ]

[

)

Eligibility Screening

Included

Records identified through
database searching
(n=229)

A 4

Records after duplicates removed

(n=175)

|

Records screened by title
and abstract
(n=175)

A 4

Additional records
identified through
references list
(n=1)

Full-text articles assessed
for eligibility
(n=12)

\ 4

Records excluded
Not relevant
(n=163)

v

Studies included in
qualitative synthesis
(n=8)

y

Studies included in
quantitative synthesis
(meta-analysis)
(n=4)

Full-text articles excluded, with
reason
(n=5)

Study not-RTC=2
Patients with stablish CIPN (not
prevention) =1
Studies of a secondary analysis = 2




Bland, et al. 2019

Hammond, et al. 2020

Henke, et al. 2014

Kleckener, et al. 2018

Streckmann, et al. 2014

Stuecher, et al. 2019

Vollmers, et al. 2018

Zimmer, et al. 2018

° 0 “ @ ° a e ° Randomisation Process

Deviations from
intended interventions

XXX XX XX -

Measurement of the

outcome

Selection of the
reported results

©000000O0 -



sk LW_I H  SUISDOUOD SWog ASld MO m
%00l %06 %08 %0L %09 %08 %0v %0€ %0T %0l %0

S$S3D0¥d NOILVSIWOANVY

SNOILN3AY¥ILNI AIANILNI WOY¥4 SNOILVIAIQ

VLIVa IWODLNO ONISSIW

=74 °14 JWODLNO IHL 40 LNIWIINSVIW

14 S1INS3¥ d31¥0dI¥ IHL 40 NOILD313IS

SVIg9 TTVd3IA0




o0 02 Ol Ol-

I000=d ‘gr's=(eh:0=0J01S8]

[oz'eg ‘€09 129vI -l [ledanQ

gv'/2 [es'6L ‘99°0-]1€v'6 o 2e2lL vI'Z- LI L¥EL 622 Sl 8102 [e 18 'd Jowwiz

Ll0'62 [20'G2 ‘ev's ]1GeGL GO'9L GL'9- 82 €902 L'6 82 +LOZ[eld 4 uuewyoans

vp'L  [egLe ‘g’ L-1vLel o 98'82 L¥'9- 8L 2L6L €L'S LI ¥102 [e 18 "D usH

L0'9¢ [8e'22 ‘9.6 11981 o | 98'LL 20'LL- ¥IL 88°0L GSZL 2l 6102 |e 1@ ") puelg

(%) 1D %G6 YHM as uesN\ N dS UuesN N Apnig
I[SIETY) ‘JIp uesy |[o5uo) Juawijeal ]



[8L'L ‘8¥'0 ]1€8°0

000=d‘0L¥=2:0=0J01s8]

LY Ye)

v6'6L [8¥'L ‘£0°0-1020 2eet v~ LL L¥eElL 622 St 8102 [e 18 d Jlewwiz
LW [vETL ‘920 1080 —B— G99l S1'9- 82 €902 L6 82  vl0ZIele 4 uueuwnoans
60¢c [6L°L ‘82°0-19¥°0 98'82 I¥9- 8L 2.6l €LS LI 7102 [e 18 "D ayusH
929t [¥ve ‘120 1.5} 98'LL 20°Ll- ¥I 880L GS.L 2l 6102 [e 10 ) puelg
(%) 1D %G6 YIm ds uesN\ N 4dS UuesyN N Apmig
1Wyb1op 6 s,sebpaH |0JJu0D juswieal |



TABLE 1

Table 1. Research strategy using PICOS strategy

PICOS

Research idea Research question

Participants Intervention Comparation Outcomes Study design
Physical exercise Patients with  Any kind of No  restricion CIPN Randomized What kind of physical
in patients  cancer exercise or was applied development controlled trials exercise program has
undergoing undergoing physical activity (RCT) the greatest effect on
chemotherapy chemotherapy modalities prevention CIPN?
could prevent

CIPN




TABLE 2

Table 2. Search strategy in Medline database

COMPONENTS OF SEARCH STRATEGY

(Chemotherapy[Mesh] OR Chemotherap*[All fields] OR Chemotherapy Adjuvant[Mesh terms] OR Chemotherapy Adjuvant[All
P fields] OR Drug Therapy Adjuvant[tiab] OR Neoadjuvant Therapy[Mesh terms] OR Neoadjuvant Therap*[All fields] OR
Treatment* Neoadjuvant[tiab])
(Exercise[Mesh] OR exercise*[All fields] OR Activit* Physical[tiab] OR Exercise* Physical[tiab] OR Exercise* Acute[tiab] OR
Exercise* Isometric[tiab] OR Exercise* Aerobic[tiab] OR Exercise Training[tiab] OR exercise movement techniques[tiab] OR
| Breathing exercise[tiab] OR Dance therapy[tiab] OR Tai Jitiab] OR Yogaltiab] OR Exercise therapy[Mesh] OR exercise
therapy([tiab] OR Endurance training[tiab] OR Motion therapy continuous passive[tiab] OR muscle stretching exercise[tiab] OR
Plyometric exercise[tiab] OR Resistance training[tiab])
C -
(Peripheral Nervous System Diseases[Mesh terms] OR Peripheral Nervous System Disease*[All fields] OR Disease* PNSJtiab]
OR Neuropath* Peripheral[tiab] OR Nerve Disease* Peripheral[tiab] OR Peripheral Nervous System Disorder*[tiab] OR Small
Fiber Neuropathy[Mesh] OR Neuropath* Small Fiber[All fields] OR Polyneuropathies[Mesh] OR Polyneuropath*[All fields] OR
Polyneuropath* Motor[tiab] OR Neurotoxicity Syndromes[Mesh] OR Neurotoxicity syndrome*[all fields] OR Neurotoxin
Disorder*[tiab] OR Neurotoxic disorder*[tiab] OR Neurotoxin disease*tiab] OR Chemotherapy induced peripheral
neuropath*[tiab] OR CIPN[tiab] OR Chemotherapy Induced Polyneuropath*[tiab] OR Chemotherapy induced peripheral
neurotoxicit*[tiab] OR Chemotherapy Induced Neuropathic Pain[tiab] OR Platinum induced peripheral neurotoxicit*{tiab] OR
Bortezomib induced peripheral neuropath*[tiab] OR BIPN][tiab] OR Taxane induced peripheral neurotoxicit*[tiab] OR TIPN[tiab]
OR Cancer treatment induced neurotoxic*[tiab] OR Platinum drugs induced peripheral neurotoxicit*[tiab] OR chemotherapy
induced painful peripheral neuropath*[tiab] OR Bortezomib Induced Neuropathic Pain[tiab] OR Chemotherapy induced
neuropath*[tiab] OR platinum induced peripheral neuropath*[tiab] OR neuropathy induced by bortezomib[tiab] OR Bortezomib
induced polyneuropath*[tiab] OR Taxane induced neurotoxic*[tiab] OR bortezomib induced neurotoxic*[tiab] OR taxane
induced neuropath*[tiab] OR taxane induced peripheral neuropath*[tiab] OR bortezomib related chemoneuropathy
patients[tiab] OR chemoneuropath*[tiab] OR Therapy related peripheral neuropath*[tiab] OR cancer neuropath*[tiab])
(Randomized controlled clinical trial*[tiab] OR randomised controlled clinical trial*[tiab] OR randomized controlled
trial*[Publication Type] OR randomised controlled trial*[Publication Type] OR randomized controlled trials as topic[MeSH
S Terms] OR randomized controlled trial*[All Fields] OR randomised controlled trial*[All Fields] OR clinical controlled trial*[tiab]
OR controlled clinical trial*[tiab] OR clinical trial*[tiab] OR random allocation[tiab] OR randomly allocated[tiab] OR allocated

randomly[tiab])



TABLE 3

Table 3. Characteristics of eight randomized controlled trials (RCTs) regarding physical exercise for outcomes in chemotherapy-induced peripheral neuropathy

(CIPN).
1st Groups (numbers of  Type of Program duration Intensity Measured time Measured tools Results Adherence  Adverse effects
Author participants) cancer (frequency) points
(year) (stage)
Multimodal physical exercise: endurance, resistance, and balance
Bland IE: immediate BC (I-lll)  8-12 weeks Endurance: Baseline Quality of life Quality of life IE: 80.66%; Reported (follow-
(2019)*®  physical exercise (supervised 3 days 50-75% of  Mid-chemotherapy (EORTC QLQ- Intergroup: DE 89.33% up cancer
during per week and after 3 HRR After chemotherapy C30) p = .05 (after ¢ recurrence in |IE
chemotherapy weeks 2 days per Resistance: Follow-up Neurotoxicity chemotherapy, IE>DE, n=1)
(n=15) week of 50-65 % of RM (EORTC QLQ- g=1.57%
DE: delayed home-based) CIPN20) p > .05 (follow-up)
exercise after Vibration senses  Intragroup:
chemotherapy (present oo P < .01 (baseline to
(n=16) absent) follow-up, both groups

combined increase.
Neurotoxicity
Intergroup:

p > .05 (any time points,

IE S DE)




Vibration sense
Intergroup:
p < .01 (at mid-

chemotherapy, IE > DE)

Streck
mann

(2014)%2

IG
CG:

(n=31)

Usual

(n=30)

care

Lympho 36 weeks (twice per
ma (any week)

stage)

Endurance:
60-80% HR
max
Resistance:
Maximal force
or theraband in

inpatients

Baseline

Twice during
chemotherapy (12
and 24  weeks)
After intervention (36

weeks)

Quality of life
(EORTC QLQ-
C30)

Vibration sense
Sway area on
static and

dynamic surface

Quality of life
Intergroup:

p = .03 (at 12 weeks, IG
> CG, g = .80%)

p > .05 (after
intervention)

Intragroup:

p = .03 (baseline to after
intervention, |G increase)
p > .05 (CG)

Vibration sense

Intergroup _over _time:

p = .07 (IG > CG, after
intervention average
incidence of PNP)

p < .001 (after IG > CG

reduction of PNP once

65 %

Reported (none)




develop)
p = .002 (after, IG

reduction PNP>CG)

Sway area static
surface

Intergroup:

P = .035 (after

intervention, 1G > CG)
Sway area dynamic
surface

Intergroup:

P = .007 (after

intervention, IG > CG)

Vollmer
s

(2018)%

IG
CG:

(n=19)

Usual

(n=17)

care

BC (not

reported

)

18 weeks (twice per

week)

13-15 on the

Borg Scale

Baseline
After intervention

Follow up (6 weeks)

Quality of life
(EORTC QLO-
C30)

Balance
(Fullerton
Advanced
Balance Scale)
Sway area

(monopedal and

bipedal stance)

Quality of life
Intergroup:

p>.05

Balance

Intergroup:

p = .004 (after

intervention, IG > CG).

Intragroup:

p < .001 (after
intervention, IG increase,

CG decrease)

Not Not reported

reported




Sway area monopedal

Intergroup:

p < .001 (after
intervention, 1G > CG)

p < .01 (follow up, IG >
CG)

Sway area bipedal
Intergroup:

p = .039 (after

intervention, IG > CG)

Zimmer

(2018)*%

IG
CG:

(n=13)

Usual

(n=17)

care

CRC

(any

stage)

8 weeks (twice per

week)

Endurance: Baseline

60-70% HR After intervention
max Follow up (4 weeks)
Resistance:

60-80% of

Hilrm

Quality of life
(TOI of
FACT/GOG-
NTX)

Balance (GGT-

Reha)

Quality of life
Intergroup:

p = .028 (after, IG>CG,

g =.70%

p = .031 (follow-up,
IG>CG)

Intragroup time effects:

p = .077 (baseline to
after, |G  decrease)
p = .037 (baseline to

follow-up, CG decrease)
Balance

Intergroup:

p > .05 (over time)

80%

Reported

death n=2)

(G




Concurrent physical exercise: endurance and resistance

Henke IG concurrent Inoperab  During three cycles Endurance: Baseline Quality of life Quality of life  Not Reported  (not
(2014)**  training + breathing le lung of chemotherapy 55-70 % HRR After intervention (EORTC QLQ- Intergroup: reported related to the
exercise (n=18) cancer (endurance training Resistance: C30) p > .05 (after program
CG: Usual care (llI-IV) and breathing 50% of intervention, g = .46 death n=6)
(n=11) techniques 5 maximal Intragroup:
sessions per week, capacity. p > .05 (after
strength once per intervention, in  both
week) groups)
Kleckne IG (n=170) BC, 6 weeks (daily) Endurance: Baseline Numbness and Numbness and tingling 77% for Reported
r CG: Usual care Ilympho 60-85% HRR After intervention tingling (VAS) Intergroup: resistance (lymphopenia,
(2018)*  (n=185) ma, Resistance: 3- Hot and p = .061 (after proposals neutropenia,
CRC 5 rated coldness (VAS) intervention, 1G > CG, multiorgan
and lung perceived d=.42) failure n=5)
cancer exertion scale Intragroup:
(any p =.027 (IG + .38 points)
stage) p = .003 (CG + .58
points)

Hot and coldness

Intergroup:

.045 (after

p =
intervention, I1G > CG,
d = .46)

Intragroup:




p = .022 (after
intervention, IG + .38
points)
p < .0001 (after
intervention, CG +.77
points)
Other modalities
Hammo IG (n=22) home- BC(I-lll)  Until symptoms - Baseline Pain (VAS) Pain Not Not reported
nd based nerve gliding disappear (3 times Mid-chemotherapy Vibration sense Intergroup: reported
(2020)*°  exercises daily) Post-chemotherapy (amplitudes p = .053 (IG less pain
CG: Usual care Follow-up (3 and 6 pml/s) than CG)
(n=26) months) Intragroup:
p = .002 (IG less pain
over time, OR .85)
Vibration sense
Intergroup:
p > .05 (any time points)
Stueche IG (n=13) home- Gastroin 12 weeks (unti Endurance: 46 Baseline Functional status SPPB 81.3% Reported  (not
r based walking testinal complete 150 to 63% of Mid-chemotherapy (SPPB) Intergroup: related to the
(2019)*  exercise cancer minutes per week) VO2peak (4-6 weeks) Sway area p > .05 (any time points) program,
CG: Usual care (llI-IV) After intervention (bipedal  static Intragroup: hospitalization
(n=15) surface) p < .05 (mid-chemo to due to infection

baseline, CG decrease)

Sway area

or severe fatigue

n=3)




Intergroup:

p =.001 (mid-chemo, I1G
> CG, d = 591

p = .003 (after
intervention, 1G > CG,

d =.95")

Abbreviations: BC: breast cancer; CG: control group; CRC: colorectal cancer; Hlrm: hypothetic one-repetition maximum; HR: Heart rate; HRR: heart rate reserve; OR: Odds

ratio; RM: repetition maximum; VO2 max: maximal oxygen consumption; 1: indirectly calculated; #: effect size reported from meta-analysis of quality of life versus usual care.



TABLE 4

Table 4. Sensitivity/precision analysis for each database

Databases Total hits Relevant

retrieved hits retrieved  NNR Unique hits Sensitivity Precision
Medline 68 3 23 - 33.33 4.41
Scopus 119 3 40 - 33.33 2.52
Web of 34 2 17 - 22.22 5.88
Science
Cochrane 8 0 - - 0 0
TOTAL 229 8*

Number asterisked (*) include total number of hits after duplicates removed.

NNR: Number Needed to Read (total hits retrieved/ relevant hits on a database).

Unique paper: relevant study retrieved from one database only.

Sensitivity: relevant hits retrieved / relevant hits retrieved TOTAL (%).

Precision: relevant hits retrieved / total retrieved (%).



