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Abstract

Physical activity is an important lifestyle habit in patients with breast cancer.
Engaging in high levels of physical activity can help prevent the development of
breast cancer and improve life expectancy after the disease. Physical therapists
must help their patients acquire these benefits of physical activity. To do so, it is
necessary to understand the evidence of physical activity benefits among patients
with breast cancer and the different methods and characteristics of assessing
physical activity and how to apply them clinically.

In addition, maintaining physical activity is beneficial for breast cancer treat-
ments, such as surgery, chemotherapy, and hormone therapy. Although its devel-
opment has greatly prolonged life expectancy, breast cancer treatment leads to
various adverse events, such as lymphedema, neuropathy, joint pain, and bone
loss. It is now known that physical activity plays an important role in reducing
these conditions. In addition, research on exercise therapy for cardiotoxicity
caused by molecular targeted drugs and myokines produced by muscles is being
conducted; these areas are expected to develop in the future.
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13.1 Introduction

Physical activity is an important lifestyle habit in patients with breast cancer.
Engaging in high levels of physical activity can help prevent the development of
breast cancer and improve life expectancy. In addition, it has various benefits, such
as the reduction of adverse events during treatment. In this chapter, we introduce the
impact of physical activity and outline how it can be applied to clinical practice.
Each piece of information is accompanied by a bibliography for those who wish to
understand the topic in more detail. In addition to the benefits of existing physical
activities, this book also introduces the latest findings in areas that are desirable for
future development. It is my hope that this information will be meaningful for phys-
ical therapists worldwide.

13.2 Traditional Physical Therapy Regarding Physical
Activity in Patients with Breast Cancer

Breast Cancer Epidemiology. An overview of physical activity-related issues that
physical therapists caring for patients with breast cancer should be aware of; clinical
applications will also be described.

13.2.1 The Effect of Physical Activity on Patients
with Breast Cancer

Many studies have shown that physical activity affects the risk of breast cancer
development, prevention of recurrence, and survival. This section outlines the
impact of physical activity on each event and introduces the types of physical activ-
ity described in previous studies.

13.2.1.1 Physical Activity and Breast Cancer Risk

Evidence of the association between physical activity and cancer development has
been accumulating since the 1990s. NHANES I showed that the risk of developing
cancer is increased in groups with low levels of physical activity compared to those
with high levels, and site-specific analyses showed that the risk of developing breast
and cervical cancers is more associated with physical activity levels in women [1].
Since then, a number of papers have been published focusing on physical activity
and the risk of developing breast cancer. The World Cancer Research Fund (WCRF)
and American Institute for Cancer Research (AICR) publication “Diet, nutrition
physical activity and breast cancer” contains the latest expert report and
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recommends engaging in physical activity to prevent the development of breast can-
cer [2]. Several other reviews and meta-analyses have also been published. In a
meta-analysis published in 2013, 31 articles demonstrated that a group with a high
level of physical activity had a relative risk (RR) of developing breast cancer of 0.88
(95% confidence interval (CI): 0.85-0.91) compared to a group with a low level of
physical activity [3]. This meta-analysis concluded that a high level of physical
activity, both occupational and nonoccupational, reduced the RR. In addition, a
dose-response analysis showed that every 25 metabolic equivalent (MET)-h/week
increase in nonoccupational activity was associated with a 2% reduction in the risk
of developing breast cancer, every 10 MET-h/week increase in leisure time activity
was associated with a 3% reduction in risk, and every 2 h/week increase in moder-
ate- and high-intensity leisure time activities was associated with a 5% reduction in
risk. As shown above, the preventive effect varied depending on the type and inten-
sity of physical activity. According to the WCRF expert report, most physical activi-
ties are effective in preventing the risk of developing breast cancer in postmenopausal
women, whereas only high-intensity physical activities contribute to the prevention
of breast cancer risk in premenopausal women [2]. Thus, it is almost certain that
physical activity can reduce the risk of developing breast cancer. However, it is
important to note that there are differences in the preventive effect depending on the
type and intensity of physical activity, and the appropriate type and intensity of
physical activity differ according to menopausal status.

The mechanism by which physical activity affects the risk of breast cancer devel-
opment remains unclear. It is generally believed that the mechanism by which phys-
ical activity suppresses the risk of developing all cancers is that physical activity
reduces the number of fat cells, which in turn suppresses the production of endog-
enous hormones and growth factors for tumor cells. Physical activity improves insu-
lin resistance and decreases fasting insulin and C-peptide levels, which are factors
in cancer development [2]. The key to breast cancer-specific mechanisms is female
hormones. Women who are obese, postmenopausal, or hormone receptor positive
(HR+) have been shown to be more sensitive to physical activity [4, 5]. Based on
these findings, female hormones have been identified as a factor associated with the
relationship between physical activity and risk of developing breast cancer. Factors
that contribute to the development of breast cancer include early menarche, late
menopause, and first childbirth after the age of 30 years, all of which increase expo-
sure to the female hormone estrogen [2]. In postmenopausal women, high levels of
physical activity have been shown to lower female hormone levels. Future research
should be conducted on the mediating factors between physical activity and risk of
developing breast cancer.

13.2.1.2 Physical Activity and Recurrence

According to the Breast Cancer Treatment Guidelines published by the Japanese
Breast Cancer Society, physical activity has no effect on breast cancer recurrence. A
meta-analysis was conducted separately for two periods, before or at diagnosis and
after diagnosis of breast cancer, and physical activity did not reduce the risk of
breast cancer recurrence in either period (RR before or at diagnosis: 0.93 (95% CI:
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0.60-1.45); RR after diagnosis: 0.81 (95% CI 0.64—-1.04)) [6]. However, only three
studies were included in each period, and there were differences in subject charac-
teristics due to differences in age, menopause information, and postoperative treat-
ment. In addition, the type and intensity of physical activity have not been sufficiently
examined, and evidence is insufficient to conclude that physical activity does not
affect breast cancer recurrence.

13.2.1.3 Physical Activity and Survival

Many studies and review articles have evaluated the relationship between physical
activity and breast cancer mortality risk [7, 8]. As a result, physical activity is effec-
tive for breast cancer death, and a physical therapist, the director of promoting phys-
ical activity among breast cancer patients, should be aware of this. In the WCRF/
AICR expert report, physical activity before, at, and after the diagnosis of breast
cancer was associated with a reduced risk of all-cause mortality [2]. A meta-analysis
of physical activity and risk of breast cancer mortality was also conducted in the
Japanese Breast Cancer Treatment Guidelines, which reported an RR of 0.86 (95%
CI 0.78-0.95) before or at diagnosis and an RR of 0.77 (95% CI 0.72-0.83) for all-
cause mortality. Physical activity after diagnosis led to an RR of 0.57 (95% CI
0.46-0.71) for breast cancer mortality and RR of 0.56 (95% CI 0.46-0.69) for all-
cause mortality [6]. It is clear from the results of many studies and meta-analyses
that physical activity has a protective effect on the risk of death from breast cancer
and all-cause mortality.

13.2.2 Promoting Physical Activity Among Patients

13.2.2.1 Promote Physical Activity Before Diagnosis
of Breast Cancer

The goal is to reduce the risk of developing breast cancer. The target population is
not patients with the disease, but people who have not yet developed breast cancer,
that is, residents of the community. Physical therapists, who are mainly in charge of
post-disability rehabilitation, may not have many opportunities to intervene directly
in this population. In addition, while there are various lifestyle-related diseases such
as stroke, heart disease, diabetes, and obesity, it is rare for physical therapists to be
involved in preventive approaches, specifically for breast cancer. However, in recent
years, there have been an increasing number of opportunities for citizens to think
about breast cancer through breast cancer awareness events such as the Pink Ribbon
Movement and the promotion of cancer screening [9]. If physical therapists can be
involved in such situations, it would be meaningful to promote physical activity
among citizens with the aim of reducing the risk of developing breast cancer.

In practice, the main intervention should be to provide information on physical
activity that reduces the risk of developing breast cancer through the media and
leaflets. The following points should be noted. The assessment of physical activity
conducted in previous studies was diverse, and it was difficult to present a uniform
amount of physical activity. In addition, the response to the amount of activity
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Table 13.1 Physical activity guidelines from three major cohort studies

Follow-up  Sample

Study name, age (years)  Physical activity years size
The JPHC study, 40-69 Leisure-time activities other than work 14.5 53,578
[4] should be conducted more than three

times once a week
The WHI observational Engage physical activity more than 40 4.7 74,171
study, 50-79 [10] MET-h/week
The Japan collaborative Walking for at least 1 h per day and 12.4 30,157

cohort study, 40-69 [11]  exercising for at least 1 h per a week

changes depends on the presence or absence of factors, such as obesity and meno-
pause. It is advisable to understand the characteristics of the target subject and set
the amount of physical activity by referring to studies conducted on similar sub-
jects. The following table presents some guidelines for physical activity (Table 13.1).

All these findings are based on the results of large-scale cohort studies and have
a high level of evidence, making them easy to refer to. In addition, the number of
times, duration, and intensity of physical activity have been set in concrete terms,
making it easy to image. Therefore, it is recommended to refer the abovementioned
guidelines for the amount of physical activity needed.

13.2.2.2 Promoting Physical Activity During and After Breast
Cancer Treatment

The goal is to reduce the risk of breast cancer recurrence and improve life expec-
tancy. Current evidence shows that the effect of physical activity on life expectancy
is more beneficial than its effect on the risk of recurrence [6]. Therefore, it is appro-
priate to refer to the physical activity intensity in life prognosis studies when con-
ducting physical therapy. In addition, physical activity during breast cancer
treatment has the effect of reducing the adverse events caused by the treatment, and
it is also meaningful to perform physical activity to improve these events. The
effects of physical activity on adverse events will be discussed in Sect. 13.3.

Physical therapists can provide information about physical activity in patients
with breast cancer undergoing rehabilitation during or after surgery, chemotherapy,
or radiation therapy. The WCRF/AICR expert report concluded that the impact of
physical activity on life expectancy at diagnosis and beyond is beneficial [2]. Some
guidelines for physical activity are presented below:

Engage in physical activity more than 10 MET-h/week [12].

Moderate intensity exercise for 2.5 h/week or high-intensity exercise for
1.25 h/week

For every 10 MET-h/week increase in physical activity, the RR decreases to
0.8-0.9 [2].

Let us note that whether changes in physical activity levels affect life expectancy.
Bertram et al. reported that in a cohort of patients who did not achieve 10 MET-h/
week prior to diagnosis, but improved physical activity levels to 10 MET-h/week or
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more during the first year after diagnosis, subsequent life expectancy did not change
compared with the group that did not improve [13]. This article suggests that annual
changes in physical activity are not sufficient to reduce the risk of death in patients
with breast cancer and that longer exposure to physical activity is needed. We need
to pay attention to these points when teaching our patients and provide them with
information on how to develop the habit of engaging in physical activity for as long
as possible.

13.2.3 The Determinants of Physical Activity Among Cancer
Patients with Breast Cancer

Promoting physical activity is important for improving life expectancy for patients
with breast cancer, and there are many studies around the world that aim to promote
physical activity. However, the same approach may result in increased physical
activity levels in some individuals but not in others. For an effective approach, it is
necessary to understand the determinants of physical activity. A systematic review
of exercise adherence in patients with cancer showed that those with a previous
exercise habit had better adherence to exercise interventions. However, they found
inconsistent results for age, sex, treatment status, physical function, and psychologi-
cal, social, and environmental factors related to physical activity [14]. Furthermore,
few studies have comprehensively analyzed these factors using multivariate analy-
sis, which is a subject for future research. Therefore, we comprehensively evaluated
and analyzed these factors to investigate the determinants of habitual physical activ-
ity in patients with cancer receiving chemotherapy. Physical activity was assessed
using a triaxial accelerometer to measure the number of steps, and potentially deter-
minant variables, such as patient characteristics, medical data about cancer treat-
ment, adverse events according to chemotherapy, physical function (handgrip
strength and gait speed), psychological factors (self-efficacy and the decision bal-
ance for exercise), social factors (social support scale and lodgers), and environ-
mental factors, were collected. We recruited 37 outpatients receiving chemotherapy.
They walked approximately 4200 step counts per day during the treatment. This
number was higher than expected. We conducted linear regression analyses and
found that positive feelings toward exercise increased habitual physical activity dur-
ing cancer treatment (Table 13.2) [15]. However, medical data and adverse events,
such as fatigue, vomiting, pain, and dyspnea; physical function; social factors; and
environmental factors showed no significant association with habitual physical

Table 13.2 Determinants Variables Standard beta P

of the mean number of Grip strength 0.19 0.22

steps per day from multiple Gait speed 0.15 0.35

regression analysis (n = 37) Self-efficacy for exercise  0.06 0.74
Pros 0.35 0.04
Drinking habit 0.30 0.05

Adjusted R? 0.32
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activity. Therefore, we should pay attention to this result. Positive feelings toward
exercise is one of the transtheoretical models and a commonly used among
community-dwelling elderly people. In recent years, these models have been sug-
gested to be important for patients with cancer [16]. While it is difficult to modify
the progression of the disease and the contents of the treatment, as well as its side
effects, it is highly possible to change the patient’s own knowledge and motivation
for physical activity through our approach. It is important to provide accurate and
clear information so that patients can understand the importance of exercise and
spontaneously change their behavior.

13.2.4 Assessment Tools of Physical Activity and Clinical
Applications

13.2.4.1 Assessment of Physical Activity Using Questionnaires

Most large cohort studies have used questionnaires to investigate physical activity
[4, 17]. In patients with breast cancer, physical activity has been quantified using
METs-h/week and associated with the risk of disease and life expectancy. Although
other assessments of activity may be based on subjective judgment of the patient
[1], it is more useful to calculate METs-h/week using questionnaires. Each large
cohort study used a specific questionnaire: the Japan Public Health Center (JPHC)
cohort study used the JPHC prospective study-based physical activity questionnaire
(JPHC-PAQ) [18] and the Women’s Healthy Eating and Living (WHEL) study used
the Women’s Health Initiative (WHI) [10]. We introduce the JPHC-PAQ to calculate
METs-h/day in Fig. 13.1. It is necessary to check each study for specific assessment
methods.

Question:
How long on average do you engage in the following activities each day?

Activity Answer
Heavy physical work or strenuous exercise None <th >1h
Sitting <3h 3-<8h >8 h
Standing or walking <1h 1-<3h >3 h

v
MET-hours/day Time scores
4.5 0 0.5 3 Calculated

P total METs/day score

1.5 15 5.5 7.5 = (MET-h/day) * (Time scores)
2.0 0.5 2 8.5

Fig. 13.1 Questionnaire estimating METs/day from JPHC cohort
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13.2.4.2 Assessment of Physical Activity Using Pedometers and
Accelerometers

The questionnaire-based evaluation method was introduced in the previous section.
There is a high possibility of recall bias and discrepancy between the actual physical
activity and amount of activity in the questionnaire responses. To correct these mea-
surement errors, it is essential to evaluate physical activity using objective indica-
tors. Pedometers and accelerometers are evaluation methods that have been in use
for along time and can objectively assess the amount of physical activity. Particularly
for accelerometers, new devices are being developed, which are becoming increas-
ingly accessible to the general public. For some devices, correlation coefficients
with actual movements have been calculated [19, 20], and it can be said that they are
good tools for accurately assessing physical activity in clinical settings. Recently,
the use of smartphones to assess physical activity has been shown to be valid [21].

13.2.4.3 Clinical Indications

When assessing physical activity among a large group of people, such as in a
community-based intervention, a questionnaire-based assessment method such as
that introduced in Sect. 13.2.4.1 is appropriate. If one has the opportunity to care for
patients in a hospital or clinic-based setting, and they encounter situations that need
promoting physical activity in patients, the use of a pedometer or accelerometer is
preferable for a more accurate assessment. There are many criteria for using data
from an accelerometer [22], such as wearing season, wearing days (including week-
end or not), available day (how many hours do they wear the device), and situation
(walking time only or all day). The number of seconds required to measure counts
varies depending on the type of accelerometer and how the non-wear time is deter-
mined varies from study to study (e.g., how long does the zero last). For example,
in a study using ActiGraph to assess physical activity, patients were asked to wear
the device at the waist on the right side for 21 consecutive days. The non-wear time
was defined as 60 consecutive zero counts/min. Sedentary behavior was defined as
0-50 counts/min. Light physical activity was defined as 51-759 counts/min, moder-
ate lifestyle physical activity was defined as 760—1951 counts/min, and moderate-
to vigorous-intensity physical activity as >1952 counts/min [23]. It is advisable to
decide which study to refer to, depending on the method and timing of the study and
the accelerometer used. The amount of physical activity calculated using acceler-
ometers is often difficult for patients to interpret. Therefore, it is important to obtain
understandable information from the accelerometer, such as step counts/day and the
amount of time the patient has been walking. These devices also allow patients to
monitor their own activities for easy self-care, as many can check the number of
steps taken by looking at device’s monitor.

13.3 Research Trend for Physical Activity for Patients with
Breast Cancer

In this section, we will discuss the research trends in the field of physical activity in
patients with breast cancer. As discussed in Sect. 13.2, numerous studies have
shown the impact of physical activity on breast cancer incidence and prognosis.
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With the development of breast cancer treatment, the 5-year survival rate for early
stage breast cancer has been improving and the number of breast cancer survivors is
increasing [6]. While long-term survival has been achieved through continuous
treatment, the number of patients suffering from the side effects of treatment is
expected to increase. In recent years, physical activity has been shown to be an
effective treatment for these side effects, and we will discuss it, along with our
research.

13.3.1 Lymphedema After Breast Cancer Surgery

Although surgery is one of the major treatments for breast cancer, lymphedema may
occur in the upper extremities when the lymph nodes are damaged by axillary lymph
node dissection. The incidence of lymphedema is 20%, and the risk factors include
axillary lymph node dissection, number of lymph node dissection areas, and mas-
tectomy [24]. Lymphedema can cause pain, heaviness in the arms, limited range of
motion and limitation of movement, and decreased quality of life [25]. To prevent
lymphedema, surgical treatment and combined physical therapy (such as compres-
sion therapy, manual lymphatic drainage, skin care, and exercise therapy) are used,
and evidence supporting these is slowly accumulating. These treatments require
hospital visits, and it is expected that some patients will not be able to receive the
treatments because of the number of facilities, accessibility issues, and financial
problems. After surgical treatment, patients are given self-care guidance such as
skin care, circumference measurement, and massage. At that time, they should also
be provided with guidelines for physical activity. In this subsection, we introduce
the effects of physical activity on lymphedema after breast cancer surgery.
Recently, there has been a paradigm shift regarding whether exercise should be
administered to patients with lymphedema. In the past, care for lymphedema often
involved teaching patients to refrain from the active use of the surgical side of the
upper extremity. This tends to lead to a negative cycle of inactivity due to the anxi-
ety of worsening edema, which in turn leads to obesity, a condition that can exacer-
bate edema. However, it has been shown that resistance training including the
surgical side upper extremity is effective in reducing the circumference of the upper
limb without worsening edema [26]. Based on the results of these studies, it is now
recommended that patients with lymphedema should be actively encouraged to
exercise. In addition to these exercise interventions, it is becoming clear that habit-
ual physical activity can also affect lymphedema. Vrieze et al. reported that the
lower the level of physical activity, as assessed using the International Physical
Activity Questionnaire (IPAQ), the lower the level of lymphedema-related symp-
toms and life function [27]. Breast cancer patients with lymphedema have been
found to have low levels of physical activity [28]; therefore, promoting their activity
levels is a necessary issue. In a more practical report, a study investigating risk fac-
tors for lymphedema exacerbation showed that postoperative employment and
household activities do not lead to lymphedema exacerbation and concluded that
there is no need to change the content of work activities before and after surgery
[29]. Some studies examined the relationship between physical activity and lymph-
edema by dividing them into different areas. Although the contribution of physical
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activity is still unclear due to the small number of studies, the current evidence sug-
gests that it is important to maintain the same level of activity after surgery as
before, without becoming inactive.

13.3.2 Hormone Therapy

13.3.2.1 Bone-Related Events: Physical Activity

Postoperative hormone therapy is widely used for postmenopausal patients with
HR+ breast cancer, and aromatase inhibitors have shown great efficacy in improv-
ing overall survival (OS) and disease-free survival (DFS) compared to tamoxifen, a
conventional hormone therapy [30]. However, they have also been found to cause
skeletal-related events (SRE) such as osteoporosis and fractures as side effects. It
has been reported that 5-year administration of Arimidex reduces bone mineral den-
sity (BMD) of the lumbar spine and femoral neck by —6% and —7%, respectively
[31]. Moreover, fracture events occur in as many as 7% of patients after exemestane
treatment [32]. In addition to primary therapies such as bisphosphonates and deno-
sumab, exercise therapy has been regarded as a non-pharmacological treatment
[33]. There is scattered evidence of supervised exercise interventions for SRE, and
exercise therapy has been recommended in the Joint Position Statement by multiple
societies [34]. However, some meta-analyses have shown that exercise has no effect
on BMD [35]. Since there are not enough high-quality studies, further accumulation
and review of evidence are desirable.

For SRE, the role of habitual physical activity may be more important than that
of exercise therapy because hormone therapy lasts for about a year, while exercise
interventions last for a month at most, which is much shorter than the duration of
therapy. Brooke-Wavell et al. reported that brisk walking can improve bone mineral
density for up to 5 years, indicating that the response of bone metabolism to exer-
cise requires a certain period of time. From this perspective, it is important to under-
stand that the response of bone metabolism to exercise requires a certain period of
time [36]. It is important to promote habitual physical activity and prevent SRE
throughout the treatment period of hormone therapy rather than short-term exercise
interventions. However, few studies have examined the relationship between habit-
ual physical activity and SRE. Against this background, we investigated the associa-
tion between habitual physical activity and bone mineral density, as well as and
bone metabolism, in patients with breast cancer receiving postoperative aromatase
inhibitor therapy [37]. We found that the level of light physical activity (LPA) and
work activities, such as employment and housework, was negatively correlated with
the bone metabolism markers PINP and TRACP-5d. This suggests that even mild
physical activity may inhibit the increase in bone metabolism. As patients with
breast cancer undergo prolonged treatment, it is difficult for them to engage in high-
intensity physical activity and maintain the amount of physical activity; therefore, it
is reasonable to conclude that even repetitive walking and occupational activity in
daily life can contribute to SRE. However, there are some limitations of the study,
such as the fact that it was a cross-sectional study and causality cannot be
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mentioned, and there was no effect on BMD. It is hoped that more high-quality
studies will be conducted in the future.

13.3.2.2 Joint Pain: Physical Activity

Aromatase inhibitors are widely used in the postoperative period of breast cancer,
and SREs have been described in the previous subsection as a side effect. Moreover,
aromatase inhibitors induce musculoskeletal symptoms such as joint pain. This is
called aromatase inhibitor-induced musculoskeletal symptoms (AIMSS), and it has
been reported that arthralgia occurs in as many as 47% of patients and joint stiffness
in 44% of patients [38]. It is symmetrically located in the joints of the extremities,
and the degree of pain is often severe. It is not caused by joint inflammation, as in
orthopedic surgery, but by depletion of the female hormone, estrogen [39].
Therefore, AIMSS occur during hormone therapy. AIMSS not only reduce quality
of life but may also cause interruption of hormone therapy [40], affecting the rate of
treatment completion. Exercise therapy is important, even for AIMSS. A meta-
analysis concluded that exercise therapy can reduce pain and stiffness caused by
AIMSS [41]; however, a Cochrane review did not show the effectiveness of exercise
[42], and no consensus has been reached. Interventions tend to include high-
intensity resistance training and home-based aerobic exercise (>150 min/week), and
some studies have reported that interventions increase physical activity levels [33].
At present, no studies have examined the relationship between habitual physical
activity and AIMSS, and it is unclear whether physical activity is effective against
AIMSS. In contrast, in a cross-sectional study, 60% of patients with AIMSS showed
decreased activity after the start of treatment, suggesting a relationship between
AIMSS and physical activity [43]. Further studies are needed to confirm this
hypothesis.

13.3.3 Chemotherapy

The use of taxanes, such as paclitaxel, in addition to AC therapy during postopera-
tive chemotherapy improves DFS and OS in patients with breast cancer with posi-
tive lymph nodes [44]. Taxanes are plant alkaloids classified as microtubule
inhibitors. As such, they can cause peripheral neuropathy. This is known as
chemotherapy-induced peripheral neuropathy (CIPN) and includes symptoms such
as paresthesia and pain which appear in a symmetrical globe-sock pattern [45].
Taxane-induced peripheral neuropathy (PN) affects the completion rate of chemo-
therapy in patients with breast cancer. Approximately 17% of patients with breast
cancer have their prescription reduced because of taxane-induced PN, particularly
paclitaxel [46]. In addition, CIPN has been shown to reduce physical activity and
predispose patients to falls [47, 48]. There is no standard treatment for CIPN, and
the main approach is to reduce or discontinue drugs that induce PN. Exercise ther-
apy has been shown to contribute to the improvement of balance disorders caused
by CIPN, including taxanes. Therefore, exercise therapy may alleviate CIPN symp-
toms and prevent falls [49]. Exercise includes aerobic exercise and resistance
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training, which can be performed with self-care. As outpatient chemotherapy has
become the mainstream treatment in recent years, it is expected that more research
will be conducted to determine whether habitual physical activity and exercise ther-
apy can contribute to the alleviation of CIPN symptoms.

Physical therapists also need to take a preventive perspective on issues such as
decreased physical activity and occurrence of falls. With regard to physical inactiv-
ity, physical therapists need to understand the risk factors for the development and
exacerbation of CIPN, and when working with patients undergoing anticancer ther-
apy, interventions should focus on high-risk patients. Although factors such as age,
creatinine clearance, and pack-year have been extracted, the results have been
inconsistent across studies [50]. However, in recent years, studies on anemia and
CIPN have begun to be published. We also reported that vincristine-induced CIPN,
a plant alkaloid system similar to taxanes, was exacerbated by baseline anemia [51].
Similarly, anemia was recently reported to be a risk factor for paclitaxel-induced PN
[52]. Therefore, patients with anemia should be carefully monitored for CIPN
development and exacerbation. For monitoring, we must assess CIPN, and the eval-
uation of CIPN is often subjective by medical personnel or is based patient-reported
outcomes (PRO). However, these assessments lack an objective. Therefore, we
quantitatively assessed CIPN using SWMs (Semmes-Weinstein Monofilament
SOT-DMO6A, Sakai Med, Tokyo, Japan) and a 128 Hz tuning fork (Luze c128 Hz
01-008, NITI-ON, Chiba, Japan) (Fig. 13.2). We recruited patients with various
types of cancers receiving chemotherapy which was inducing peripheral neuropa-
thy. We assessed CIPN at the lower extremity using the SWMs and 128 Hz tuning

Fig. 13.2 Monofilament testing
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fork at baseline (first day of treatment regimen in arbitrary course) and follow-up
(3 months after baseline). These assessment tools can be used to evaluate the tough
detection threshold and vibration sensation, respectively. Both sensations are classi-
fied as superficial and are related to balance disorders and falling. We defined
patients who had a tough detection threshold, higher than 10 g at any measuring
site, or who had no vibration sensation as having an abnormal sensation. The results
showed that 37% of the patients had sensory abnormalities associated with fall risk
during follow-up [53]. We also found that there was a discrepancy between subjec-
tive and quantitative assessments, making it difficult to accurately assess symptoms
by interviews alone. To screen for the risk of falls, CIPN should be assessed objec-
tively as well as subjectively. The prevention of physical inactivity and falls is an
area in which physical therapists must play a role. Therefore, it is necessary to
understand the aggravating factors of CIPN and know how to accurately assess the
risk of falling.

13.3.4 Herceptin for HER2-Positive Molecular Target Drugs

HER?2-positive breast cancer accounts for approximately 20% of all breast cancers
and has poor prognosis [54]. Recently, trastuzumab, a monoclonal antibody, has
been developed. The addition of trastuzumab to anthracycline chemotherapy, which
is the standard of care, has led to favorable treatment outcomes [55]. However, car-
diotoxicity is a major side effect of trastuzumab. Trastuzumab inhibits the produc-
tion of HER2 protein by acting on ErbB2, a gene that expresses not only HER2
protein, but also neuglerin, an epidermal growth factor that plays an important role
in ventricular formation. Therefore, bilateral heart failure is known to occur in
patients treated with trastuzumab [56]. Cardiac decompensation has been reported
in 27% of patients treated with anthracycline chemotherapy [57], and 5% of patients
treated with trastuzumab give up treatment due to heart failure [58]. For patients
with breast cancer, cardiotoxicity is an important side effect that leads to discontin-
ued treatment. The most important risk factor for cardiotoxicity is anthracycline
use, and similar risk factors for common cardiac events have been reported, includ-
ing older age, coronary artery disease, diabetes, hypertension, smoking history,
poor cardiac function at baseline, and obesity [56]. Drugs such as ACE inhibitors
and B blockers are administered. In recent years, the concept of cardio-oncology
has been proposed to address the decline in cardiac function caused by cancer
treatments.

Evidence of the effect of exercise therapy on trastuzumab-induced cardiotoxic-
ity has not yet been established. However, regular exercise, smoking cessation,
and appropriate dietary habits can reduce the mortality of cardiovascular events;
therefore, promoting physical activity could also contribute to the reduction of
symptoms due to trastuzumab-induced cardiotoxicity. The ASCO guidelines also
emphasize the importance of a healthy lifestyle including physical activity [59].
In addition, the American Heart Association’s Scientific Statement states that car-
diac rehabilitation is useful in cardio-oncology and has proposed Cardio-Oncology
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Rehabilitation (CORE) and presents an algorithm for patients with cancer [60].
Although specific interventions have not yet been developed, cardiac rehabilita-
tion often involves supervised aerobic exercise for at least 40 min, two to three
times a week, as in regular cardiac rehabilitation. There is little evidence on the
amount of physical activity required; however, considering the contents of cardiac
rehabilitation, habitual activity may be useful in reducing the cardiotoxicity of
trastuzumab.

13.4 Further Research

In this section, we will discuss the theme of this chapter and the amount of physical
activity in patients with breast cancer. We will also discuss what kind of evidence is
expected to further confirm the effects of different levels of physical activity.

13.4.1 Assessment of Physical Activity

As mentioned in Sect. 13.2, physical activity can be assessed in various ways. The
MET is calculated, and LPA, moderate physical activity (MPA), and vigorous phys-
ical activity (VPA) are often classified. However, this is insufficient to obtain a more
accurate picture of daily physical activity. In recent years, the concept of sedentary
behavior, bouts, which indicate the continuity of physical activity; breaks, which
indicate the interruption of activity; and domain-specific physical activity, such as
leisure activities, transportation, work, and housework; as well as the amount of
physical activity have been introduced. The intention is to evaluate the amount of
physical activity in greater detail.

Sedentary behavior is defined as “all waking behaviors that consume less than
1.5 METs of energy in the sitting, semi-supine, or supine position [61].” An
increase in sedentary behavior results in a high risk of cancer-related death [62].
The key question is how to reduce sedentary behavior, which accounts for
approximately 60% of the waking time. The number of papers on this subject has
been increasing rapidly in recent years, and it is a field that is attracting much
attention. Bouts and breaks have also received attention in recent years. Most
conventional studies on the amount of physical activity have assessed the total
amount of daily activity. Bouts and breaks, on the other hand, show the continu-
ity and interruption of physical activity and provide clinically important informa-
tion on how physical activity should be performed. Regarding the amount of
physical activity by domain, research has been conducted to provide an indicator
of the importance of the amount of physical activity in situations such as leisure
activities, transportation, such as commuting to and from work and school, work,
and housework.

As described above, there are various concepts or scales regarding the amount of
physical activity, apart from intensity and time, and it is becoming possible to grasp
physical activity in detail [63].
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13.4.2 Myokine

In recent years, it has become clear that myokines produced from muscles play
an important role in the mechanism of regular exercise, which reduces morbidity
and improves prognosis in various diseases, including breast cancer. Myokines
are hormones expressed, produced, and secreted by skeletal muscles, and are
widely known as IL-6 [64]. Evidence for the importance of myokines in patients
with breast cancer is beginning to emerge. In vivo studies have shown that
oncostatin M and irisin, a type of myokine, inhibit the proliferation of breast
cancer cells and induce apoptosis [65, 66]. Although there are no clinical studies
so far, it is expected that the impact of these myokines on life expectancy and
other outcomes will soon be investigated in clinical studies. We hope that more
research on myokines will be conducted in the field of physical therapy. It is
necessary to investigate the physical activities that contribute to the production
of myokines in detail.

In this section, we described the future perspectives on physical activity in
patients with breast cancer. It is important to evaluate physical activity in detail.
Myokines can be developed from the in vivo level to the clinical level to show the
etiology of physical activity and health outcomes. Through these studies, we will be
able to provide evidence-based guidance regarding the amount of activity.

13.5 Conclusion

This chapter outlines the effects of physical activity on patients with breast cancer.
Previous studies have shown that physical activity provides significant benefits to
these patients, and physical therapists should take the lead in encouraging the
amount of physical activity in patients with breast cancer. We also hope that further
research will be conducted on the mechanisms between physical activity and breast
cancer development, life expectancy, and the reduction of side effects.
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