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Editorial on the Research Topic
Exercise, physical therapy and wellbeing in breast cancer patients

Cancer diagnoses pose a risk of disease and a challenge for the health system: on the one
hand, it is estimated that by 2040 the number of new diagnoses will increase by more than
53%, and on the other hand, in addition to the need for treatments, we have to respond in the
form of treatments, which are not only limited to medical treatments or based on
pharmacotherapy or radiotherapy, but also include interventions based on nutrition,
physical exercise and other motivational interventions from the perspective of psychology
and the modification of environmental factors, in addition to the comprehensive care of
patients that includes the detoxification of noxious habits, and attention to sexuality (1). In
most of this new paradigm of patient care, the family group, and interpersonal relationships
play an important role in terms of the changes that must occur in the long term.

Adherence to treatment in these cases is not based on the patient’s motivation to continue
pharmacological treatment. Still, it is sometimes based on a change in routines, life habits,
and the acquisition of new ones, which include attitude changes, and sometimes result in a
decreased need for oral treatments. Body composition in long-term breast cancer survivors
taking aromatase inhibitors is improved by aerobic exercise and resistance exercise, in
addition to alleviating negative side effects, and patient reports outcomes are also
improved (2).

This Research Topic asks, how does the type of well-being recovery program influence
the intervention approach is taken, and which type of activity is most effective and adequate
for each patient? This special issue brings together three study protocols, two systematic
reviews, and one literature review, as well as nine original studies, four of which have a
clinical trial design, five are observational studies, and one of which presents questionnaire
validation of the quality of life.

Breast cancer, as well as the rest of the oncological diagnoses, presents a challenge, due to
its great survival and the possibility of maintaining daily life activities with a high level of
well-being and quality of life. Actions aimed at maintaining this quality of life, as well as
solving present or potential problems are covered from a multidisciplinary perspective:
oncologists, specialist nurses, social workers, physiotherapists, and experts in physical
exercise and cancer, in addition to many others. Including patients in primary and
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secondary prevention and treatment policies as front-line actors
ensure they are active in their total recovery. There is already
evidence regarding the prevention of breast cancer: some studies
show that large cohorts of the population, regarding usual
recommendations on physical exercise, lower the risk by 6-10% on
those individuals that perform physical activity ranging from 7.5 to 15
MET [the metabolic equivalent of task] per week (3, 4).

One of the most worrying effects for clinicians and patients is
usually lymphedema, especially treated from physiotherapy, where,
with adequate training, it is expected to reduce the volume of the
affected arm, as well as improve quality of life, the strength of grip and
resistance in physical exercise performance. The protocol includes
moderate to intense exercise sessions, following a specific upper and
lower body work plan. (Ramirez-Parada et al.).

Common and known effects derived from post-chemotherapy
oral treatments, such as those based on tamoxifen, show that more
than 70% of patients show derived symptoms, especially if they are
under 40 years of age. Anticipating this type of situation makes it
much easier for symptoms to be controlled early and for measures to
be taken to mitigate and minimize them (Sung et al.). On the other
hand, the importance of behavioral therapies in terms of intrinsic
motivation is highlighted to minimize the effects of one of the usual
symptoms, such as fatigue, reaching a reduction of this symptom in
77.77% of patients from the start of the intervention until six weeks
later. Also, of great importance, the reduction of depressive symptoms
was reduced in 55.55% of the study participants (Getu et al.).

Breast tumors have different heterogeneities and one of the less
common diagnoses is a neuroendocrine tumor of mammary location
(Sun et al). The identification of biological markers that allow
responding to less frequent diagnoses is presented as a challenge for
researchers, especially when the inhibition of immune control points
is not presented as the ideal treatment in these situations, in addition
to the fact that chemotherapy is not always effective.

The bone health of patients undergoing hormonal treatment
always represents a challenge in the long-term follow-up of patients
who are under the effects of the different existing aromatase inhibitor
treatments for their diagnosis. Zoledronic acid and Denosumab are the
best options in bone resorption and what happens to these patients
over time remains to be determined, as well as what aspects could be
improved with specific plans for physical exercise, diet, and vitamin D
supplementation (Sire et al.). Along the same lines, another systematic
review that analyzes the effects of physical exercise and acupuncture
shows that the effects of these treatments can minimize pain, in the
case of acupuncture, and physical exercise significantly improves
activities. of daily life. Secondly, other symptoms such as anxiety,
lack of sleep, or fatigue do not present statistically significant
improvements (Zhu et al.). Baduanjin is a form of gigong, with eight
movements. The purpose of this series of movements is to increase
internal energy through exercise and spiritual practice to improve
health and fitness. The movements must be executed in a moderate,
relaxed, fluid, and consistent manner. The force is only necessary for
an instant, when changing movements, maintaining relaxation for the
rest of the time. This type of training in 12 weeks could reduce
Aromatase Inhibitor side effects: global quality of life and physical
functioning scores increased significantly by 12.39 (P < 0.001) and 8.48
(P < 0.001) in the Baduanjin exercise group compared with those in
the control group (Liao et al.).
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Continuing with the understanding of the different clinical
situations that may arise, the study of reproductive hormones,
through the measurement of serum levels of reproductive
hormones: luteinizing hormone (LH), E2, P, testosterone (T),
follicle-stimulating hormone (FSH), and prolactin (PRL) in
postmenopausal patients with breast cancer. The expression levels
of ER, PR, HER2, and p53 were also determined. The relationships
between these receptors and hormones were evaluated in 352 Breast
Cancer patients. The results point out that postmenopausal-mediated
decreases in serum LH and FSH levels were associated with increased
ER and PR expression and decreased HER2 expression (Jiang et al.).

One study analyzed aspects of quality of life and long-term
satisfaction in a cohort of 141 patients after reconstruction after
breast cancer surgery. The results show that, compared to
mastectomy without reconstruction, the latter offers better results
for the well-being of patients after the diagnosis of breast cancer.
Evaluated at one year and after five years, the best quality of life
was evidenced, as well as a better state of well-being in those
with psychiatric medication records in their medical history.
(Shiraishi et al.).

One of the studies published in this special series analyzes the D-
dimer values in the postoperative period of breast cancer surgery and
thirteen clinicopathological factors, which were identified and
included in the analysis. The distribution of several of these factors
between the two groups (pre and postoperative D-dimer levels) was
compared. Factors with significantly different distributions between
the two groups were identified as potential risk factors for D-dimer
variation. The high risk is revealed in patients with a history of
diabetes, with complications such as thrombosis. Priority must be
paid to preoperative tests to anticipate possible health complications
(Wang et al.).

Two studies thoroughly analyze aspects related to physical
exercise, of Physical Activity, Fitness, Body Composition,
Immunological Biomarkers, and Psychological Parameters During
the First Year After Diagnosis in Women with Non-Metastatic Breast
Cancer, and the Association of Insomnia, Depressive Disorders, and
Mood Disorders as Risk Factors in the general population. The first is
a Study Protocol that will quantify daily physical activity and
cardiorespiratory fitness in objective measurements in the context
of cancer therapy for 12 months after diagnosis. Relationships
between exercise, immune status, physical and psychoemotional
outcomes, and the clinical course will be studied (Zemlin et al.).
The second analyzes a retrospective cohort of 232,108 women
diagnosed with insomnia, depressive disorders, and mood disorders.
Women with insomnia and hyperlipidemia was associated with an
increased risk rate for breast cancer. Insomnia together with the
sleeping medication did not produce any more risks than each one
alone. Contrary to what is sometimes thought by the common
opinion, mood disorders did not appear to be associated with
breast cancer diagnosis (Liu et al.).

One of the topics always presented as an area for improvement in
research methodology is the statistical analysis methods used to assess
the effectiveness of a quality-of-life test. Whether the results of this
type of questionnaire are valid in clinical practice, the results of the
validation by the Anchor method are presented as an additional
solution, offered in the research (Li et al.). The relationship between
quality of life and physical activity is already unquestionable. The
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early physical activity proposed in the APACAN-2 protocol may offer
results that improve those interventions that work with patients after
the completion of adjuvant therapy (Ginzac et al.). New methods used
in diagnosis and therapy are promising and have prospects for future
development: surface thermography can be a very good option to
monitor rehabilitation programs after mastectomy (Aquino et al.)
without adverse effects, offering useful and interesting information
for professionals.

Personalized physiotherapy programs, nutritional plans, cognitive
interventions, and physical exercise are fundamental not only in
nursing care, medical, pharmacological, or radiotherapy treatment.
Still, they must go further and integrate each of the aspects that
influence the quality of life and well-being of people, patients and
their families.
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Background: Insomnia, depressive disorders, and to a more general view, mood
disorders are raising people’s concerns and causing disability of life. Herein, we try to
seek the association of such illnesses with subsequent breast cancer.

Methods: This population-based, retrospective cohort study used data from the Taiwan
National Health Insurance Research Database. This study included 232,108 women
diagnosed with insomnia, depressive disorders, and mood disorders from January 1,
2000 to December 31, 2013. Physician diagnosed insomnia, depressive disorders, or
mood disorders using outpatient and inpatient records before diagnosis of breast cancer.
Cox proportional hazards regression analysis is adjusted for women with insomnia,
depressive disorders, mood disorders, and other factors like insured amount,
urbanization, and comorbidities such as having subsequent breast cancer.

Results: Sleep medication was associated with a significantly increased incidence rate of
breast cancer (aHR = 1.23 (95% Cl = 1.13, 1.35), p < 0.001). Insomnia was associated
with significant increased hazard of breast cancer (aHR = 1.16 (95% CI = 1.07, 1.27),
p < 0.001). Annual insured amount >20,000 (TWD), high urbanization area, and
hyperlipidemia were associated with increased hazard of breast cancer (@HR = 1.13
(95% CI=1.01,1.27),p =0.04;aHR =1.41 (95% Cl=1.17,1.71),p < 0.001; aHR = 1.14
995% Cl =1.02, 1.29), p = 0.02, respectively). There was a positive correlation between
depressive disorders and increased incidence rate of breast cancer but not statistically
significant (@HR = 1.11 (95% CI = 0.99, 1.25), p = 0.08). Mood disorders were not
associated with increased hazard (aHR = 1.11 (95% CI = 0.91, 1.34), p = 0.31).
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Conclusion: In this study, women with insomnia had increased risk of breast cancer,
particularly those in high urbanization or with high insured amounts. Sleep medication
(benzodiazepine (BZD) or non-BZD) and hyperlipidemia were independently associated
with a higher hazard ratio of breast cancer. Insomnia along with sleep medication did not
yield more hazards than each alone. Mood disorders appeared to be not associated with
subsequent breast cancer. However, depressive disorders, the subgroups of mood
disorders, could possibly increase the incidence rate of breast cancer though not

statistically significant.

Keywords: breast cancer, depressive disorders, mood disorders, insomnia, sleeping medication, hyperlipidemia

INTRODUCTION

Breast cancer, the leading cause of cancer death in women, is
drawing more and more attention in health issues universally.
There are more than 2 million women with newly diagnosed
breast cancer every year globally (1). In Taiwan, 13,965 new cases
of breast cancer have been reported in 2017, being the most
commonly diagnosed cancer in women: it can be estimated that
nearly 27% of cancer cases in women is represented by breast
cancer. Breast cancer is the most frequently diagnosed cancer
and second most common cause of cancer death in the USA (2),
and it is the principal cause of death in women aged 40 to
49 years; in this period, women are in transition of
perimenopause and menopause.

Women may experience sleep disturbance, depression, and
anxiety during perimenopause and menopause transition due to
physiologic changes in responsiveness to gonadotropins with
wide variation of hormone level (3). In the late perimenopausal
transition lasting 1 to 3 years, most women will encounter
amenorrhea for longer than 2 months and often suffer from
vasomotor symptoms; during this period and early menopause,
ESH level continue to rise while estradiol (E2) level is declining.
It is not until 2 years after menopause that the hormone levels
remain steady (4). These symptoms due to estrogen decline raise
our concern for women’s health about mental illness.

Impairment of cognitive function and affective function after
diagnosis of breast cancer were reported (5), and alteration of
hippocampus like deformation or volume loss were also found
after major types of treatments. Some pivotal studies aimed at the
survivorship of returning the quality of life to the status before
diagnosis or even better (6). Breast cancer experience could have
an impact on physical and psychosocial alterations such as
increased risk of depression, anxiety, and intrusive thought,
especially in younger patients. Disruption of body image-
related (hair loss, weight gain, aesthetics, etc.) distress could be
alleviated via psychological intervention (7, 8). Breast cancer-
related fatigue is also a major issue influencing quality of life, and
some rehabilitation protocols like aerobic exercise could help (9).
Several studies were focused on prevalence of mental illness
during surgical intervention or medical treatment after
diagnosing breast cancer since many cases of breast cancer are
associated with physical disability and a poor quality of life after
their breast cancer diagnosis with symptoms of fatigue,

depression, and anxiety (10). However, herein, we focused on
the association of insomnia, depressive disorders, or mood
disorders with subsequent breast cancer in women.

Insomnia, one of the most common sleep disorders, affects
approximately 6%-30% of the overall population (11-13).
Emerging evidence suggests that insomnia is independently
associated with psychiatric diseases (14), impaired health-
related quality of life (15), and increased risks of hormone-
related diseases (16) such as cancers (17).

The mood disorders are currently confined to disorders in
which the mood is depressed or elevated. Mood disorders have
once been interchangeably viewed as “affective disorder”, a term
which is still used frequently. Some studies have revealed that
depressive disorders are related to substantial mortality, some
comorbidities, and disabilities (18, 19).

Globally, around 10.7% of disability can be attributed to
unipolar major depression. According to Joyce (20), unipolar
major depression accounts for nearly 20% of disease burden in
women aged 15 to 44 years old in developed countries.
Therefore, we also investigated the association of some variants
like insured amount, level of urbanization, and residential
location in representatives of socioeconomic status, with
breast cancer.

METHODS

Data Sources/Measurement

The Taiwan National Health Insurance Research Database
(NHIRD) was established in 1995. The compulsory National
Health Insurance program covered more than 99% of Taiwan
residents, and their original claim data were stored in NHIRD.
We utilized and analyzed the Longitudinal Health Insurance
Data (LHID), which contains data of one million random
selected insureds. The medical data included outpatient and
inpatient records, the medication used, and treatment received.
The identification number was encoded for protecting privacy
problems. The diagnostic codes were recorded based on the
International Classification of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM). This study was approved by the
ethical review board of the China Medical University Hospital
[CMUH104-REC2-115(AR-4)].
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Study Cohort

In this study, we conducted three cohort studies which are shown in
Figure 1. The first cohort was an insomnia cohort. Patients who
were newly diagnosed with insomnia (ICD-9-CM codes 307.41,
307.42,307.49, 780.50, 780.52, 780.55, 780.56, and 780.59) were the
cases in this cohort. Those without insomnia were the controls. For
the second cohort, the case cohort consisted of the patients with
depressive disorders (ICD-9-CM codes 296.2, 296.3, 298.0, 300.4,
311, and V79.0) and the control cohort were patients never
diagnosed with depressive disorders. The last cohort recruited
patients with mood disorders (ICD-9-CM codes 296.0-296.7) as
the case cohort and patients without mood disorders as the control
cohort. The first diagnosis was the index date for case cohort and a
random date between 2000 and 2012 was assigned to controls as the
index date. The study period for all cohorts was 2000 to 2013. We
excluded patients who were male, aged below 20 and diagnosed with
breast cancer before the index date. Control patients were matched
to case patients according to age, insured amount, urbanization
level, residential location, and index year in a 1:1 ratio for the
insomnia cohort and in 1:4 ratio for depressive disorder and mood
disorder cohorts.

Primary Outcome

Breast cancer (ICD-9-CM code 174) was the main outcome in
this study. Patients who received the Major Illness or Injury
Certificate of breast cancer were defined as the outcome. We
followed up the participants from the index date to the
development of breast cancer; withdraw from the NHI
program or the end of the study, Dec. 31, 2013.

Variables

Demographic variables included age, insured amount,
urbanization, and residential location. Age was divided into
four groups: 20-30 years old; 31-40 years old; 41-50 years old;
and >50 years old. The related comorbidities included chronic

Insomnia cohort

Depressive disorders

cohort

obstructive pulmonary disease (COPD) (ICD-9-CM codes 491,
492, and 496), hypertension (HTN) (ICD-9-CM codes 401-405),
diabetes mellitus (DM) (ICD-9-CM code 250), chronic kidney
disease (CKD) (ICD-9-CM code 585), and hyperlipidemia (ICD-
9-CM code 272). We also considered the use of sleeping pills
potential confounders.

Statistical Methods

The difference of the categorical variables and continuous
variables in case cohort and the control cohort were expressed
by standard mean difference (SMD). SMD of less than 0.1 means
the difference can be neglected. The hazard ratio (HR) and 95%
confidence interval (CI) were calculated by the Cox proportional
model. The Kaplan-Meier method was applied to obtain the
cumulative incidence curves and tested by the Log-rank test. All
statistical analysis was performed by software SAS (version 9.4
for Windows; SAS Institute, Inc., Cary, NC, USA). A p-value of
less than 0.05 was the statistically significant level.

RESULTS

Patient Characteristics

With and Without Insomnia

Baseline characteristics of the 116,009 women with noninsomnia
and 116,009 women with insomnia in this cohort (mean [SD]
age: 47.8 [16.4] in noninsomnia group and 47.6 [15.7] in
insomnia group) are provided in Table 1. The insured amount
within 10,000-20,000 was predominant in noninsomnia [36%]
and insomnia [38%]. Patients were mainly in highly urbanized
areas in the noninsomnia (69,759 [60%]) and insomnia (70,372
[61%]) groups. The majority of patients (noninsomnia (52,296
[45%]) and insomnia (51,792 [45%])) resided in the northern
area of Taiwan. Compared with patients with noninsomnia,
those with insomnia had more comorbidities including COPD

LHID
(N=1 000 000)
Female
(N=486 062)

Mood disorders
cohort

With Without With Without With Without
insomnia insomnia depressive disorders P ive di mood mood disorders
(N=134,345) (N=351,717) (N=43,281) (N=442,781) (N=15,221) (N=470,841)
exclusion criteria exclusion criteria exclusion criteria
and and and
1:1 propensity score matched 1:4 propensity score matched 1:4 propensity score matched
v v v v v
With Without With Without With Without
insomnia insomnia depressive disorders depressive disorders mood disorders mood disorders
(N=116,009) (N=116,009) (N=33,364) (N=113,456) (N=12,178) (N=48,712)

FIGURE 1 | The flowchart of the three cohorts in this study: insomnia cohort, depressive disorder cohort, and mood disorder cohort.
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TABLE 1 | The baseline characteristics of patients with and without insomnia.

Variable Noninsomnia Insomnia SMD
N = 116,009 N = 116,009
n % n %
Age (year)
20-30 17,695 15% 17,381 15% 0.008
30-40 23,150 20% 22,677 20% 0.010
40-50 27,524 24% 27,708 24% 0.004
>50 47,640 41% 48,243 42% 0.001
Mean (SD) 47.8 (16.4) 47.6 (15.7) 0.011
Insured amount (TWD)
<10,000 40,126 35% 39,306 34% 0.015
10,000-20,000 42,241 36% 43,756 38% 0.027
>20,000 33,642 29% 32,947 28% 0.013
Urbanization
Low 9,136 8% 8,827 8% 0.010
Medium 37,114 32% 36,810 32% 0.006
High 69,759 60% 70,372 61% 0.011
Residential location
Northern 52,296 45% 51,792 45% 0.009
Central 28,835 25% 31,369 27% 0.050
Southern 13,846 12% 12,882 1% 0.026
Eastern 20,790 18% 19,792 17% 0.023
Others 242 0.21% 174 0.15% 0.014
Comorbidities
COPD 18,879 16% 28,271 24% 0.202
HTN 24,046 21% 30,609 26% 0.134
DM 11,910 10% 14,486 12% 0.070
CKD 7,558 7% 11,403 10% 0.121
Hyperlipidemia 16,296 14% 22,425 19% 0.142
Medication
Sleep pills 21,999 19% 34,612 30% 0.255

COPD, chronic obstruction pulmonary disease; HTN, hypertension; DM, diabetes
mellitus; CKD, chronic kidney disease; SMD, standard mean difference (less than 0.1
means no difference).

(18,879 [16%] vs. 28,271 [24%]), HTN (24,046 [21%] vs. 30,609
[26%]), CKD (7,558 [7%] vs. 11,403 [10%]), and hyperlipidemia
(16,296 [14%] vs. 22,425 [19%]) (SMD >0.1 for all). Compared
with patients with noninsomnia, those with insomnia had more
sleeping pills (21,999 [19%] vs. 34,612 [30%]) (SMD >0.1).

With and Without Depressive Disorders

Table 2 presents the baseline characteristics of 33,364 women
with depressive disorders and 133,456 women without
depressive disorders (mean [SD] age: 48.1 [16.9] in
nondepressive disorder group and 48.2 [16.8] in depressive
disorder group). Most patients were in highly urbanized areas
(83,346 [62%]) for the control group and 20,835 [62%] for
depressive disorders). Patients with depressive disorders had
more comorbidities including COPD (25,314 [19%] vs. 9,200
[28%]), HTN (31,182 [23%] vs. 10,350 [31%]), DM (15,243
[11%] vs. 5,280 [16%]), CKD (10,314 [8%] vs. 4,094 [12%]),
and hyperlipidemia (21,846 [16%] vs. 7,866 [24%]) (SMD >0.1)
than those without depressive disorders.

With and Without Mood Disorders
As shown in Table 3, 12,178 women with mood disorders and
48,712 patients without mood disorders (mean [SD] age: 46.6

TABLE 2 | The baseline characteristics of patients with and without depressive

disorder.
Variable Nondepressive Depressive SMD
disorders disorders
N = 133,456 N = 33,364
n % n %
Age (year)
20-30 21,988 16% 5,484 16% 0.001
30-40 25,693 19% 6,390 19% 0.003
40-50 28,570 21% 7,057 21% 0.006
>50 57,205 43% 14,433 43% 0.008
Mean (SD) 481 (16.9) 48.2 (16.8) 0.005
Insured amount (TWD)
<10,000 48,189 36% 12,013 36% 0.002
10,000- 49,638 37% 12,494 37% 0.005
20,000
>20,000 35,629 27% 8,857 27% 0.003
Urbanization
Low 9,566 7% 2,577 8% 0.021
Medium 40,544 30% 9,952 30% 0.012
High 83,346 62% 20,835 62% <0.001
Residential location
Northern 61,277 46% 15,248 46% 0.004
Central 30,909 23% 7,700 23% 0.002
Southern 15,474 12% 3,886 12% 0.002
Eastern 25,599 19% 6,479 19% 0.006
Others 197 0.156% 51 0.15% 0.001
Comorbidities
COPD 25,314 19% 9,200 28% 0.205
HTN 31,182 23% 10,350 31% 0.173
DM 15,243 1% 5,280 16% 0.129
CKD 10,314 8% 4,094 12% 0.152
Hyperlipidemia 21,846 16% 7,866 24% 0.181
Medication
Sleep pills 32,305 24% 8,250 25% 0.012

COPD, chronic obstruction pulmonary disease; HTN, hypertension; DM, diabetes
mellitus; CKD, chronic kidney disease; SMD, standard mean difference (less than 0.1
means no difference).

[16.5%] in nonmood disorder group and 46.6 [16.4%] in
depressive disorder group) are included. A higher proportion of
comorbidities including COPD (9,165 [19%)] vs. 3,480 [29%]), HTN
(10,710 [22%] vs. 3,645 [30%)]), DM (5,443 [11%] vs. 1,971 [16%)]),
CKD (3,661 [8%] vs. 1,519 [12%]), and hyperlipidemia (7,874
[16%] vs. 2,842 [23%]) were found in patient with mood disorders.

The Incidence Rate and Hazard Ratios of
Breast Cancer

With and Without Insomnia

Table 4 shows that women with insomnia had increased breast
cancer (aHR = 1.16 (95% CI = 1.07, 1.27), p < 0.001). The
cumulative incidence of breast cancer in patients with and
without insomnia is shown in Figure 2. Patients with sleep
medication were associated with a significantly increased
incidence rate of breast cancer (aHR = 1.23 (95% CI = 1.13,
1.35), p < 0.001). Annual insured amount >20,000 (TWD), high
urbanization area, and hyperlipidemia were associated with
increased hazard of breast cancer (aHR = 1.13 (95% CI = 1.01,
1.27), p = 0.04; aHR = 1.41 (95% CI = 1.17, 1.71), p < 0.001;
aHR = 1.14 (95% CI = 1.02, 1.29), p = 0.02, respectively).
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TABLE 3 | The baseline characteristics of patients with and without mood
disorders.

Variable Nonmood disorders Mood disorders SMD
N = 48,712 N =12,178
n % n %
Age (year)
20-30 8,954 18% 2,238 18% <0.001
30-40 10,295 21% 2,565 21% 0.002
40-50 10,320 21% 2,576 21% 0.001
>50 19,143 39% 4,799 39% 0.002
Mean (SD) 46.6 (16.5) 46.6 (16.4) 0.002
Insured amount (TWD)
<10,000 18,749 39% 4,690 39% <0.001
10,000-20,000 18,555 38% 4,646 38% 0.001
>20,000 11,408 23% 2,842 23% 0.002
Urbanization
Low 3,329 7% 871 7% 0.012
Medium 14,071 29% 3,510 29% 0.001
High 31,312 64% 7,797 64% 0.005
Residential location
Northern 23,031 47% 5,756 47% <0.001
Central 10,815 22% 2,700 22% 0.001
Southern 4,901 10% 1,225 10% <0.001
Eastern 9,933 20% 2,484 20% <0.001
Others 32 0.07% 13 0.11% 0.014
Comorbidities
COPD 9,165 19% 3,480 29% 0.231
HTN 10,710 22% 3,645 30% 0.182
DM 5,443 1% 1,971 16% 0.146
CKD 3,661 8% 1,519 12% 0.166
Hyperlipidemia 7,874 16% 2,842 23% 0.181
Medication
Sleep pills 11,665 24% 2,367 19% 0.110

COPD, chronic obstruction pulmonary disease; HTN, hypertension; DM, diabetes
mellitus; CKD, chronic kidney disease; SMD, standard mean difference (less than 0.1
means no difference).

With and Without Depressive Disorders/Mood
Disorders

The depressive disorder- or mood disorder-related incidence rates
and hazard ratio of breast cancer are shown in Tables 5 and 6,
respectively. In Table 5, there was a positive correlation between
depressive disorders and increased incidence rate of breast cancer,
but it was not statistically significant (aHR = 1.11 (95% CI = 0.99,
1.25), p = 0.08). Patients with sleep medication were associated
with a significantly increased incidence rate of breast cancer
(aHR = 1.39 (95% CI 1.26, 1.54), p < 0.001). High
urbanization area and hyperlipidemia were associated with
increased hazard of breast cancer (aHR = 1.37 (95% CI = 1.10,
1.71), p < 0.01; aHR = 1.32 (95% CI = 1.15, 1.51), p < 0.001,
respectively). In Table 6, the patients with mood disorders were
not associated with increased hazard of breast cancer (aHR = 1.11
(95% CI = 0.91, 1.34), p = 0.31). Patients with sleep medication
were associated with a significant increased incidence rate of
breast cancer (aHR = 1.53 (95% CI = 1.30, 1.80), p < 0.001).
Annual insured amount >20,000 (TWD) and hyperlipidemia were
associated with increased hazard of breast cancer (aHR = 1.24
(95% CI = 1.00, 1.54), p < 0.05; aHR = 1.33 (95% CI = 1.06, 1.66),
p < 0.001, respectively). Kaplan-Meier curves of breast cancer in

the depressive disorder cohort and the mood disorder cohort are
demonstrated in Figures 3 and 4, individually.

The Association of Insomnia and Breast
Cancer in Different Stratification

Patients with insomnia along with annual insured amount of
more than 20,000 (TWD) (aHR = 1.27 (95% CI = 1.10, 1.46),
p < 0.001) and high urbanization (aHR = 1.23 (95% CI = 1.11,
1.37), p < 0.001) were associated with significant increased
hazard of breast cancer relative to those without insomnia, see
Table 7. Insomnia patients with residential location in the
northern area also increased the risk of breast cancer by 1.22
times (95% CI = 1.08, 1.38; p = 0.001) compared with the control
patients who lived in the northern area. Patients who had
insomnia with sleep medication did not yield an increased
hazard of breast cancer over those without insomnia.

The Effect of Sleeping Pills on Breast
Cancer in Insomnia Cohort

The eftect of sleeping pills on breast cancer is shown in Table 8.
Either noninsomnia with sleeping pills (aHR = 1.46 (95%
CI = 1.28, 1.67), p < 0.001), insomnia without sleeping pills
(aHR = 1.28 (95% CI = 1.16, 1.42), p < 0.001), or insomnia with
sleeping pills (aHR = 1.43 (95% CI = 1.27, 1.61), p < 0.001) was
associated with significant increased hazard of breast cancer.
However, insomnia combined with sleeping pills did not yield
more hazard ratio than either insomnia or sleeping pills alone.

DISCUSSION

To our knowledge, the present analysis, which pooled data from
the Taiwan National Health Insurance Research Database, is the
largest study to evaluate breast cancer and insomnia, depressive
disorders, and mood disorders. In this cohort study, women
(>20 years old) with insomnia had 16% higher rates of breast
cancer. We also found that sleep medication, high insured
amount, highly urbanized areas, and hyperlipidemia were
associated with significantly increased incidence rate of breast
cancer. There was a positive correlation between depressive
disorders and increased incidence rate of breast cancer, but it
was not statistically significant. Mood disorders were not
associated with increased hazard of breast cancer. In summary,
the risk factors of breast cancer in our study were insomnia, sleep
medication, high urbanization, high insured amount,
and hyperlipidemia.

Several studies concerning insomnia were mainly focused on
the relationship of patients with preexisting breast cancer, but
insomnia as a risk factor for breast cancer among primarily
cancer-free women were rarely investigated (17, 21). Shift work
involving circadian disruption was classified as being a probable
carcinogen to humans according to the World Health
Organization’s International Agency for Research on Cancer in
2007 (22). The likely underlying mechanisms could be disturbed
sleep, exposure to light at night, and other lifestyle factors (23—
25). A positive correlation between circadian disruption and

Frontiers in Oncology | www.frontiersin.org

12

October 2021 | Volume 11 | Article 757626


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Liu et al.

Risk Factors of Breast Cancer

TABLE 4 | The incidence rates and hazard ratios of breast cancer in insomnia cohort.

Variable Breast cancer
n PY
Insomnia
No 1,023 874,576
Yes 1,257 892,053
Age (year)
20-30 47 257,668
30-40 339 354,040
40-50 801 446,414
>50 1,093 708,507
Insured amount (TWD)
<10,000 489 554,518
10,000-20,000 970 678,151
>20,000 821 533,960
Urbanization
Low 130 139,811
Medium 678 565,687
High 1,472 1,061,131
Residential location
Northern 1,122 790,556
Central 554 463,092
Southern 254 200,251
Eastern 348 309,410
Others 2 3,320
Comorbidities
COPD
No 1,819 1,432,028
Yes 461 334,601
HTN
No 1,676 1,373,140
Yes 604 393,490
DM
No 1,991 1,681,543
Yes 289 185,087
CKD
No 2,096 1,626,558
Yes 184 140,072
Hyperlipidemia
No 1,826 1,493,915
Yes 454 272,715
Medication
Sleep pills
No 1,446 1,243,629
Yes 834 523,001

cHR (95% Cl)

aHR? (95% CI)

IR

1.17 1.00 () 1.00 ()

1.41 1.21 (112, 1.32)™ 1.16 (1.07, 1.27)™
0.18 1.00 () 1.00 ()

0.96 5.16 (3.80, 7.00)"* 4.80 (3.52, 6.54)**
1.79 9.57 (7.13, 12.8)™* 8.64 (6.39, 11.7)*
1.54 8.28 (6.18, 11.1)™ 7.55 (5.59, 10.2)"*
0.88 1.00 () 1.00 ()

1.43 1.58 (1.42, 1.76)** 1.10 (0.99, 1.23)
1.54 1.68 (1.50, 1.88)™ 1.13 (1.01, 1.27)"
0.93 1.00 () 1.00 ()

1.20 1.31 (1.09, 1.59)* 1.27 (1.05, 1.54)*
1.39 1.52 (1.27, 1.82)* 1.41 (1147, 1.71)
1.42 1.00 () 1.00 ()

1.20 0.84 (0.76, 0.93)" 0.95 (0.85, 1.06)
1.27 0.89 (0.78, 1.02) 0.96 (0.84, 1.11)
1.12 0.79 (0.70, 0.89)** 0.86 (0.76, 0.97)*
0.60 0.42 (0.10, 1.68) 0.57 (0.14, 2.33)
1.27 1.00 (-)

1.38 1.10 (1.00, 1.22)

1.22 1.00 (-) 1.00 (-)

153 1.27 (1.16, 1.39)™ 0.96 (0.86, 1.07)
1.26 1.00 () 1.00 ()

1.56 1.27 (112, 1.44) 1.00 (0.88, 1.15)
1.29 1.00 ()

1.31 1.02 (0.88, 1.19)

1.22 1.00 () 1.00 ()

1.66 1.40 (1.27, 1.56)" 1.14 (1.02, 1.29)*
1.16 1.00 () 1.00 ()

1.59 1.28 (1.18, 1.4y 1.23 (1.13, 1.35)*

*p-value <0.05; **p-value <0.01; ***p-value <0.001.

PY, person-years; IR, incidence rate (per 1,000 person-years); cHR, crude hazard ratio; aHR, adjusted hazard ratio; COPD, chronic obstruction pulmonary disease; HTN, hypertension;

DM, diabetes mellitus; CKD, chronic kidney disease.
@Adjusted by age, insured amount, HTN, DM, hyperijpidemia, and sleep pils.

breast cancer (HR = 1.14 (95% CI = 1.08, 1.21)) was proposed in
a meta-analysis of 28 studies. Whereas, short sleep duration
(<7 h/night) and dose-response association with sleep deficiency
were not conclusive (26). Neither chronotype nor individual
insomnia symptoms were strongly associated with breast cancer
in evidence (27, 28). The relationship between insomnia and
breast cancer could be understood via metabolic dysfunction as
glucose homeostasis imbalance. Those with elevated blood
glucose were related to decreased survival independent of
comorbid diabetes mellitus (type 2) and body mass index (29,
30). According to Borniger et al., in a single nonmetastatic model
of breast cancer, the underlying mechanism mediating cancer-
associated metabolic changes and sleep disruption may be

aberrant activity of wake-stabilizing hypocretin/orexin (HO)
neuron (31).

Sleep medication, also called hypnotics, are mainly divided into
benzodiazepines (BZDs) and nonbenzodiazepines (non-BZDs),
and other miscellaneous types like gamma-aminobutyric acid
agonist, melatonin receptor agonists, antihistamines, sedating
antidepressant, and eugeroic drugs are not commonly
administered (32). Both BZDs and non-BZDs (zolpidem, most
widely used) were found with increased risk of cancers including
breast cancer in two Taiwanese population-based cohort studies
(33, 34). According to Igbal et al. (34), it was provided based on
epidemiological and bioinformatics analysis approaches that
diazepam and zolpidem, but not alprazolam, might be
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associated with breast cancer risk. The underlying mechanisms
between sleep medication and cancer remain obscure.
Overexpression of peripheral benzodiazepine receptors (PBR)
due to BZDs has been implicated in breast cancer (35), and cell
proliferation was found in some breast cancer cell lines after
administration of PBR agonist (36). In vitro studies, non-BZDs as
zopiclone, zaleplon, and ramelteon were found clastogenic, which
can lead to carcinogenesis via the process of inducing disruption
or breakages of chromosomes (37).

Depressive disorders, featured by sadness or irritability, are
prevalent chronic diseases with psycho-physiological symptoms
(38). In breast cancer patients with comorbid anxiety and
depression, a tendency of diagnosis delay beyond 90 days from
symptom identification was reported. Furthermore, treatment
delay of longer than 60 days from diagnosis establishment was
remarkable in those with severe mental illness (39). According to
Chen et al. (40), curative surgery of breast cancer was associated
with increased risk of subsequent depressive disorders, and those
who developed depressive disorders had higher incidence rate of
tumor recurrence and mortality when followed up. There are some
probable underlying mechanisms suggesting depressive disorders
being carcinogenic, such as impairing immune function, giving
rise to aberrancy of the hypothalamic-pituitary-adrenal axis and
inhibiting DNA repair (41-43). Nevertheless, in a meta-analysis of
cohort study in 2007, based on seven heterogeneous studies,
showed there was no significant association between depression
and subsequent breast cancer risk (44). Another recent meta-
analysis of cohort study derived from 11 cohort studies in 2015
showed epidemiological evidence was insufficient to support a
positive association between depression and breast cancer (45). In

T T I I
8 10 12

0
N
S
© —— Without insomia
. ----  With insomia
8 g Log-rank test p-value<0.001
8§ ©
=)
[2]
©
o
o) w
-
S S 7
[0} o
o
C
S
= o
2 35 -
o O
=2
ke
2 v
E o
E <9 7
S o
(@]
o
o
3
e T T T
0 2 4 6
Time (years)
FIGURE 2 | The cumulative incidence of breast cancer in patients with and without insomnia.

our study, we found a positive correlation between depressive
disorders and increased incidence rate of breast cancer, but it was
not statistically significant.

Mood disorders are great disease entities that include
depressive disorders and bipolar disorders. Mood disorders in
the Diagnostic and Statistical Manual of Mental Disorders, fourth
edition (DSM-IV) have been replaced with multiple specifiers
describing depressive disorders and bipolar disorders in the
Diagnostic and Statistical Manual of Mental Disorders, fifth
edition (DSM-V) (46). Also, DSM-IV entity of mood disorder
NOS has been replaced with unspecified bipolar disorder and
unspecified depressive disorder in DSM-V. To date, there were
no previous studies aimed at the association between mood
disorder and cancers. Since no remarkable association between
bipolar disorders and breast cancer was noted in a nationwide
cohort study (39), the association between depressive disorders
and breast cancer was weak as mentioned above. It was
hypothesized that mood disorders should be less coherent to
breast cancer in that mood disorders are mainly partitioned into
bipolar disorders and depressive disorders, and such inference
was verified in our study, that is, mood disorders were not
associated with increased hazard of breast cancer.

In high urbanization areas, in this study, the incidence rate of
breast cancer in women was higher than in low urbanization
areas. Also, a high insured amount was associated with increased
breast cancer incidence. In a cohort study, high socioeconomic
status and high income were found to have increased the
incidence rate of breast cancer in the USA; however, income
was not significantly correlated with mortality (47). In general,
breast cancer has been regarded as a disease of affluence in risk
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TABLE 5 | The incidence rates and hazard ratios of breast cancer in depressive disorder cohort.

Variable Breast cancer
n PY

Depressive disorders

No 1,308 1,042,122

Yes 360 257,472
Age (year)

20-30 39 225,057

30-40 262 265,306

40-50 537 293,100

>50 830 515,631
Insured amount (TWD)

<10,000 394 444,643

10,000-20,000 710 494,198

>20,000 564 360,753
Urbanization

Low 93 94,619

Medium 439 389,455

High 1,136 815,520
Residential location

Northern 843 598,870

Central 353 301,025

Southern 161 150,151

Eastern 311 247,579

Others 0 1,970
Comorbidities

COPD

No 1,323 1,065,561

Yes 345 234,033

HTN

No 1,204 1,017,375

Yes 464 282,219

DM

No 1,466 1,164,932

Yes 202 134,662

CKD

No 1,511 1,199,194

Yes 157 100,400

Hyperlipidemia

No 1,307 1,102,930

Yes 361 196,664
Medication

Sleep pills

No 1,008 903,466

Yes 660 396,128

cHR (95% ClI)

aHR? (95% CI)

IR

1.26 1.00 () 1.00 ()

1.40 1.12 (1.00, 1.26) 1.11(0.99, 1.25)

0.17 1.00 () 1.00 ()

0.99 5.76 (4.1, 8.09)* 5.36 (3.79, 7.58)*
1.83 10.8 (7.79, 15.04)™* 9.71 (6.93, 13.6)*
1.61 9.68 (6.99, 13.4)** 8.54 (6.10, 12.0)™
0.89 1.00 () 1.00 ()

1.44 1.60 (1.42, 1.81)* 1.10 (0.97, 1.25)

1.56 1.74 (1.53, 1.98)** 1.13 (0.99, 1.29)

0.98 1.00 (5 1.00 ()

113 1.14 (0.91, 1.43) 1.15 (0.92, 1.45)

1.39 1.42 (1.15, 1.75)* 1.37 (1.10, 1.71)*
1.41 1.00 () 1.00 ()

1147 0.82 (0.72, 0.93)™* 0.89 (0.78, 1.02)

1.07 0.76 (0.64,0.9)" 0.81 (0.68, 0.96)*

1.26 0.89 (0.79, 1.02) 0.95 (0.83, 1.09)

0.00 0.00 (0, Inf)

1.24 1.00 () 1.00 (-)

1.47 1.24 (1.1, 1.4 1.05 (0.92, 1.18)

118 1.00 () 1.00 ()

1.64 1.44 (1.29, 1.6)** 1.02 (0.90, 1.16)

1.26 1.00 () 1.00 ()

1.50 1.24 (1.07, 1.44) 0.86 (0.73, 1.01)

1.26 1.00 () 1.00 (H)

1.56 1.27 (1.07, 1.49)* 1.01 (0.85, 1.19)

1.19 1.00 () 1.00 (H)

1.84 1.63 (1.45, 1.83)* 1.32 (1.15, 1.51)*
1.12 1.00 () 1.00 ()

1.67 1.41 (1.28, 1.56)*** 1.39 (1.26, 1.54)*

*p-value <0.05; **p-value <0.01; ***p-value <0.001.

PY, person-years; IR, incidence rate (per 1,000 person-years); cHR, crude hazard ratio; aHR, adjusted hazard ratio; COPD, chronic obstruction pulmonary disease; HTN, hypertension;

DM, diabetes mellitus; CKD, chronic kidney disease.

@Adjusted by age, insured amount, COPD, HTN, DM, CKD, hyperlipidemia, and sleep pills.

factors such as delayed childbirth (48), less breastfeeding (49),
and hormone supplements (50), which are more visible in
affluent women. In one way, women in high socioeconomic
areas have more accessibility to breast cancer screening as
mammograms that detect more hidden cancer cases are
highly available.

Hyperlipidemia is a status of chronic inflammation, which is a
possible etiology contributing to breast cancer progression
through activation of TLR signaling by oxidized LDL (51). In a
hyperlipidemic mouse model, cholesterol and its metabolites have
been verified to increase breast cell proliferation (52). In an
observational study of 314 cases in China, elevated serum

lipoprotein was associated with breast cancer (53). It is
suggested that exercise could reduce the risk of hyperlipidemia-
associated breast cancer via improving chronic inflammation,
lowering blood lipid level, and exerting specific anticancer effects
(54). In this study, we found that hyperlipidemia was an
independent risk factor for breast cancer.

STUDY LIMITATION

As this is a secondary analysis of observational data across the
study period, we can only present the associations among breast
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TABLE 6 | The incidence rates and hazard ratios of breast cancer in mood disorder cohort.

Variable Breast cancer
n PY
Mood disorders
No 495 375,364
Yes 131 91,702
Age (year)
20-30 14 90,695
30-40 129 104,577
40-50 189 103,438
>50 294 168,356
Insured amount (TWD)
<10,000 153 171,782
10,000-20,000 261 179,997
>20,000 212 115,288
Urbanization
Low 41 33,127
Medium 152 132,318
High 433 301,621
Residential location
Northern 314 222,849
Central 139 102,413
Southern 55 45,434
Eastern 116 95,951
Others 2 420
Comorbidities
COPD
No 489 382,740
Yes 137 84,326
HTN
No 463 370,835
Yes 163 96,231
DM
No 531 418,970
Yes 95 48,096
CKD
No 569 431,056
Yes 57 36,010
Hyperlipidemia
No 486 397,676
Yes 140 69,390
Medication
Sleep pills
No 379 331,365
Yes 247 135,701

cHR (95% ClI)

aHR? (95% CI)

IR
1.32 1.00 () 1.00 ()

1.43 1.09 (0.90, 1.32) 1.11(0.91,1.34)
0.15 1.00 () 1.00 ()

1.23 7.86 (4.53, 13.7)"** 7.30 (4.16,12.8)**
1.83 11.7 (6.81, 20.2)™* 10.3 (5.92,18.0)*
1.75 115 (6.73, 19.7)™* 9.72 (5.57, 16.9)™
0.89 1.00 (9 1.00 ()

1.45 1.61 (1.32, 1.96)** 1.08 (0.88, 1.32)
1.84 2.01 (1.63, 2.47)™ 1.24 (1.00, 1.54)*
1.24 1.00 ()

1.15 0.94 (0.66, 1.32)

1.44 1.17 (0.85, 1.61)

1.41 1.00 ()

1.36 0.97 (0.79, 1.18)

1.21 0.87 (0.65, 1.16)

1.21 0.86 (0.69, 1.06)

4.76 3.27 (0.81, 13.1)

1.28 1.00 () 1.00 (-)

1.62 1.33 (1.1, 1.61)* 1.11 (0.91, 1.35)
1.25 1.00 () 1.00 ()

1.69 1.41 (1.18, 1.69)™* 0.90 (0.73, 1.12)
1.27 1.00 () 1.00 ()

1.98 1.63 (1.31, 2.03)™* 1.17 (0.91, 1.50)
1.32 1.00 ()

1.58 1.22 (0.93, 1.60)

1.22 1.00 () 1.00 (H)

2.02 1.74 (1.44, 2.10)** 1.33 (1.06, 1.66)*
1.14 1.00 () 1.00 ()

1.82 1.50 (1.28, 1.77)** 1.53 (1.30, 1.80)**

*p-value <0.05; **p-value <0.01; ***p-value <0.001.

PY, person-years; IR, incidence rate (per 1,000 person-years); cHR, crude hazard ratio; aHR, adjusted hazard ratio; COPD, chronic obstruction pulmonary disease; HTN, hypertension;

DM, diabetes mellitus; CKD, chronic kidney disease.
@Adjusted by age, insured amount, COPD, HTN, DM, hyperijpidemia, and sleep pills.

cancer in Taiwanese women with insomnia, depressive disorders,
mood disorders, sleep medication, insured amount, and
hyperlipidemia. Also, we can only deduce cause and effect by
showing that these associations are likely to be cohesive with a
causal relationship between increased incidence of breast cancer
and insomnia, sleep medication, high insured amount, highly
urbanized areas, or hyperlipidemia. The results from this study,
therefore, should be considered exploratory but preplanned and
still need to be confirmed in subsequent clinical trials in the
future. In this study, breast cancer, insomnia, depressive
disorders, and mood disorders were based on ICD-9 codes
which are replaced by ICD-10 codes currently. Because we
focus on hypnotics in a general view instead of comparison of

specific drugs, we could not differentiate the coefficient effect of
different drugs. Routine mental illness screening is not popular in
the Taiwan healthcare system. Besides, mental illnesses typically
manifest years before people seek treatment (55); hence, the
actual number of mental illness diagnosed before breast cancer
could be underestimated, giving rise to inadequate interpretation
of results.

CONCLUSIONS

In this study, women with insomnia had increased risk of breast
cancer, especially those in high urbanization or with high insured
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FIGURE 3 | The cumulative incidence of breast cancer in patients with and without depressive disorders.
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FIGURE 4 | The cumulative incidence of breast cancer in patients with and without mood disorders.
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TABLE 7 | The association of insomnia and breast cancer in different stratifications.

Variable

Age (year)
20-30
30-40
40-50
>50

Insured amount (TWD)
<10,000
10,000-20,000
>20,000

Urbanization
Low
Medium
High

Residential location
Northern
Central
Southern
Eastern
Others

Comorbidities

COPD
No
Yes

HTN
No
Yes

DM
No
Yes

CKD
No
Yes

Hyperlipidemia
No
Yes

Medication

Sleep pills
No
Yes

24
147
372
480

228
434
361

50
336
637

498
233
117
173

864
159

794
229

917
106

963
60

860
163

682
341

Noninsomnia

PY

130,189
179,431
223,081
341,875

277,420
328,620
268,536

69,996
280,454
524,126

394,530
216,425
103,864
157,823
1,935

749,752

124,824

713,200
161,376

796,971
77,605

823,377
51,200

766,579
107,997

666,869
207,707

*p-value <0.05; **p-value <0.01; **p-value <0.001.
PY, person-years; IR, incidence rate (per 1,000 person-years); cHR, crude hazard ratio; aHR, adjusted hazard ratio; COPD, chronic obstruction pulmonary disease; HTN, hypertension;
DM, diabetes mellitus; CKD, chronic kidney disease.

AAdjusted by age, insured amount, hypertension, diabetes, hyperlipidemia, and sleep pills.

TABLE 8 | The effect of sleep pills on breast cancer in insomnia cohort.

0.18
0.82
1.67
1.40

0.82
1.32
1.34

0.71
1.20
1.22

1.26
1.08
113
1.10
1.03

1.15

1.27

1.1
1.42

1.15
1.37

1.17
1.17

1.12
1.51

1.02
1.64

23
192
429
613

261
536
460

80
342
835

624
321
137
175

965
302

882
375

1,074
183

1,133
124

966
291

764
493

Insomnia

PY

127,479
174,609
223,334
366,632

277,098
349,531
265,424

69,815
285,233
537,005

396,026
246,668
96,387
151,687
1,386

682,276

209,777

659,939
232,114

784,571
107,482

803,181
88,872

727,336
164,717

576,760
315,293

0.18
1.10
1.92
1.67

0.94
1.58
1.73

1.15
1.20
1.55

1.58
1.30
1.42
1.15
0.00

1.40

1.44

1.34
1.62

1.37
1.70

1.41
1.40

1.33
1.77

1.32
1.56

cHR (95% ClI)

1.05 (0.59, 1.87)
1.37 (1.10, 1.70)*
1.16 (1.01, 1.33)"
1.20 (1.0, 1.35)"

1.15 (0.96, 1.37)
1.16 (1.02, 1.32)
1.31 (1.14, 1.51)™

1.69 (1.18, 2.41)*
1.00 (0.86, 1.16)
1.29 (1.16, 1.43)™*

1.26 (1.12, 1.42)™
1.20 (1.01, 1.42)*
1.30 (1.01, 1.66)"
1.07 (0.86, 1.32)

1.22 (1.12, 1.34)y™*
1.12 (0.92, 1.35)

1.21 (1.10, 1.34)™
1.13 (0.96, 1.34)

1.20 (1.10, 1.31)™*
1.21 (0.96, 1.54)

1.22 (1.12, 1.33)*
1.19 (0.87, 1.62)

1.20 (1.09, 1.31)*
1.16 (0.95, 1.40)

1.31(1.18, 1.45)™
0.97 (0.85, 1.12)

aHR? (95% CI)

1.12 (0.63, 2.01)
1.31(1.05, 1.69)*
1.11(0.84, 1.26)
1.17 (1.04, 1.32)*

1.10 (0.91, 1.31)
1.12(0.98, 1,27)
1.27 (1.10, 1.46)™*

1,62 (1.12, 2.33)*
0.96 (0.82, 1.12)
1.23 (1.1, 1.37)™

1.22 (1.08, 1.389)™
1.14 (0.96, 1.35)
1.23 (0.95, 1.58)
1.00 (0.80, 1.23)

1.17 (1.07, 1.29)
1.12 (0.92, 1.36)

1.18 (1.07, 1.30)"**
1.11 (0.94, 1.31)

1.15 (1.05, 1.26)
1.20 (0.95, 1.53)

117 (1.07, 1.28)**
1.16 (0.85, 1.59)

1.16 (1.0, 1.28)
1.16 (0.96, 1.41)

1.27 (1.15, 1.42)™*
0.97 (0.84, 1.11)

Insomnia

No
No
Yes
Yes

Sleep pills

No
Yes
No
Yes

N

94,010
21,999
81,397
34,612

n

682
341
764
493

cHR (95% ClI)

1.00 ()

1.47 (1.29, 1.68)™
1.30 (1.18, 1.45)"*
1.45 (1.29, 1.69)™

aHR? (95% CI)

1.00 ()
1.46 (1.28, 1.67)*
1.28 (1.16, 1.42)
1.43 (1.27, 1.61)*

**p-value <0.001.

N, number of people; n, number of breast cancer; cHR, crude hazard ratio; aHR, adjusted hazard ratio. *Adjusted by age, insured amount, hypertension, diabetes, hyperijpidemia, and

sleep pills.

amounts. Sleep medication (BZD or non-BZD) and
hyperlipidemia were independently associated with a higher
hazard ratio of breast cancer. Insomnia combined with sleep
medication did not yield more hazard as a synergic effect.
Administration of sleeping pills should be less encouraged in

women, if still needed, and they should be referred to a breast
cancer department for regular screening, as are those diagnosed
with insomnia. Mood disorders appeared to be not associated
with subsequent breast cancer. However, depressive disorders,
the subgroups of mood disorders, could possibly increase the
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incidence rate of breast cancer though not statistically significant.
These findings emphasize the importance of early screening of
breast cancer for patients with possible risk factors. Future
studies evaluating differences in breast tumor cell type,
differentiation, and genotype may help target interventions.
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Background: Moderate physical activity is associated with an improved prognosis and
psychosocial outcome in breast cancer patients. Although exercise and physical
activity are associated with multiple physiological and psychological effects, many of
the underlying mechanisms remain obscure. The BEGYN study (Influence of physical
activity in breast cancer patients on physiological and psychological parameters and on
biomarkers) aims at identifying potential associations between the extent of physical
activity, fitness, body composition, immunological biomarkers, psycho-emotional
parameters, and the course of treatment during the first year after diagnosis of
breast cancer.

Methods: The prospective observational BEGYN study will include 110 non-metastatic
breast cancer patients. The patients will be assessed during a base line visit prior to the
initiation of the antineoplastic therapy and after 3, 6, 9 and 12 months. The physical activity
will be measured using a fitness tracker and a self-assessment diary during the entire
study. Each visit will include the assessment of (i) cardiorespiratory fitness measured by
spiroergometry, (i) body composition, (i) psycho-emotional parameters (quality of life,
mental health, fatigue, depression, distress, anxiety, well-being), and (iv) extensive blood
tests including routine laboratory, vitamin D, selenium and immunologically relevant
biomarkers (e.g., leukocyte subpopulations and cytokine profiles).
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Discussion: \Whereas most studies investigating the influence of physical activity in breast
cancer patients focus on specific activities for three months or less, the BEGYN study will
quantify the daily physical activity and cardiorespiratory fitness of breast cancer patients
based on objective measurements in the context of the oncological therapy for 12 months
after diagnosis. The study will reveal potential associations between exercise, immune
status and physical as well as psycho-emotional outcome and the clinical course of the
disease. Moreover, complementary therapies such as Vit D and Selenium
supplementation and parameters investigating the motivation of the patients are part of
the study. Due to this holistic approach, the BEGYN study will guide towards confirmatory
studies on the role of physical activity in breast cancer patients to develop individualized
counselling regarding the recommended type and extent of exercise.

Trial Registration: This study has been registered at the German Clinical Trials Register
DRKS00024829.

Keywords: breast cancer, physical activity, spiroergometry, psychological parameters, body composition,

chemotherapy, immune monitoring, observational study

1 INTRODUCTION

Historic recommendations to avoid physical activity during
cancer treatment to save all energy for fighting the disease
have proven wrong (1-6). Breast cancer is the most common
cancer in women, accounting for more than 680.000 deaths per
year worldwide (7). Although modern breast cancer treatment
such as improved diagnostic and staging procedures, advanced
systemic therapy, surgery and radiotherapy increases long-term
survival and clinical outcome of breast cancer patients, there is
still a deficiency of supportive and psychosocial care (8). Breast
cancer survivors are at risk of suffering potentially disabling
physical and psychological sequelae, such as lymphedema,
axillary web syndrome, chronic pain, osteoporosis and
fractures, arthralgia, chronic fatigue syndrome and depression
(9). During and after antineoplastic therapy, rehabilitation and
complementary therapies are crucial to improve the quality of
life and overall prognosis of breast cancer survivors (10-12).
Multiple studies in cancer patients have demonstrated that
physical activity and exercise correlate with an improved
outcome regarding the course of the underlying disease and
with a better tolerance to the antineoplastic treatments (13). For
example, exercise had positive effects on the fatigue syndrome
and quality of life in cancer (12, 14), the course of lymphedema
(13, 15) and osteoporosis in breast cancer (16) and prostate
cancer (17). Moreover, physical activity influences various
functions of the immune system, such as the proportions of
circulating leukocyte subsets and the expression of cytokines (4,
18-21). Moderate sporting activity has an immune-protective
effect, whereas excessive sporting activity is associated with an
increased susceptibility to infections - possibly mediated by a
reduction in circulating natural killer cells (22). Natural killer
cells and other leukocyte subsets play a crucial role in the
physiological attempts of the organism to control cancer cells
(23). Thus, Ashcraft et al. put forth the hypothesis that exercise-

induced modulations of the immune status do not only alter the
susceptibility to infections, but also the immune response to
neoplastic diseases and the effectivity of antineoplastic therapies
(24). Current data suggest that a complex interplay of the above-
mentioned factors contributes to a positive correlation between
the quantity of physical activities and event-free survival in
cancer patients (69% reduced hazard of mortality among
highly active patients) (25). In consequence, more prospective
studies were recommended to characterize the influence of
sporting activities on the immune system and on potential
individualized rehabilitation approaches in cancer patients (9,
26, 27).

According to Mehnert et al. (28) the prevalence of any mental
disorder among the major tumor entities is 32% and breast
cancer has the highest prevalence of mental disorders with 42%.
17% of breast cancer patients are afflicted with anxiety disorders
and 9% with affective disorders. Physical activity can affect
anxiety and depression in breast cancer patients. Interestingly,
leisure time physical activity was negatively related to depression,
whereas occupational physical activity related positively to
anxiety (29).

30% of disease-free breast cancer survivors suffer from cancer
related fatigue syndrome, causing a massive reduction of psycho-
emotional wellbeing and quality of life (30-32). Regular exercise
plays an important role in the management of cancer-related
fatigue (33-35). Clinical trials have shown that individual and
patient-adapted exercise programs yield the best outcome
regarding physical functioning and health among breast cancer
patients (25, 32, 36-38).

The body composition strongly correlates with physical
activity and is a relevant prognostic factor for breast cancer
patients (39). On average, overweight patients have a higher risk
to develop breast cancer, a higher rate of relapses and a shorter
recurrence-free period (40). The loss of muscle mass and the gain
of fat mass (sarcopenia) can be detected with a bioelectrical
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impedance analysis, a simple, non-invasive technique (41). A
lower muscle index can be associated with a higher toxicity of the
chemotherapy (42).

Since the physical activity plays a key role in determining the
prognosis of breast cancer patients, it is useful to combine exercise
diaries with objective measurements such as pedometers or fitness
trackers (43, 44). Moreover, this yields continuous information on
vital parameters, including the pulse and resting heart rate as an
estimate for overall cardiopulmonary fitness (45).

Studies that combine fitness tests, physical assessments,
immunological markers, and psychological tests in breast cancer
patients are still scarce, thus it is highly difficult to understand
potential cross-links between these aspects. Filling this gap of
knowledge could allow conclusions on individualized prevention
and rehabilitation of the multiple sequelae that are potentially
associated with breast cancer (9). Clinical studies in cancer
patients must consider that according to current guidelines, all
breast cancer patients are to be advised to exercise endurance and
muscle strength (39). However, little is known on the extent to
which patients adhere to this recommendation. Moreover, it would
be unethical to withhold motivation for sportive activity from breast
cancer patients for experimental purposes as a control. Thus, the
BEGYN study was designed as an observational study, using
validated methods to assess physical activity, cardiopulmonary
fitness, body composition, psychological parameters, and
extensive blood tests (e.g., immune status, vitamin D and
selenium) during the first year of antineoplastic therapy after
diagnosis of non-metastatic breast cancer. To gain information
even after a longer period the BEGYN study is designed to collect
data over one year after diagnosis. This study will shed light into the
dynamics of physiological and psychological variables and the
course of the disease during the first year after initiation of
antineoplastic therapy in breast cancer patients in correlation
with the physical activity. Ultimately, this study will lay the basis
to develop individualized recommendations for exercise in breast
cancer patients to improve the quality of life and prognosis.

2 MATERIALS AND METHODS

2.1 Study Population

The BEGYN study will assess 110 female patients with non-
metastatic invasive breast cancer prior to the initiation of
antineoplastic therapy. The patients will be followed for one
year after diagnosis. Since the study focuses on variables that are

TABLE 1 | Inclusion criteria and exclusion criteria of the BEGYN study.

heavily influenced by gender (e.g., physical fitness and body
composition), we did not include male breast cancer patients.
Inclusion and exclusion criteria ensure that patients can undergo
spiroergometry, blood tests, assessment of physical activities and
psychological parameters during the first year after the diagnosis
of breast cancer. The detailed inclusion criteria and exclusion
criteria are given in Table 1.

2.2 Study Schedule

The patients are enrolled to the BEGYN study after initial
diagnosis. The baseline study visit is scheduled before the
initiation of any antineoplastic therapy, followed by quarterly
follow up visits. During each visit, patients undergo a clinical
assessment, spiroergometry on a treadmill, blood tests,
measurement of the body composition by bioimpedance
analysis, plicometry, validated psychological questionnaires and
other assessments (Figure 1).

2.3 Clinical Assessment

Routine assessment during quarterly follow-up visits includes an
anamnesis focused on potential side effects of antineoplastic
therapies, measuring the body weight and blood pressure.

2.4 Assessment of Physical Activity

and Exercise

2.4.1 Patient Self-Assessment Diary

Each patient will be asked to document her daily sporting activities
in a standardized self-assessment study diary. The patients will be
instructed by study personnel how to use the diary during
recruitment and during each follow-up visit. The study
personnel check the completeness and accuracy of the diary and
discuss potential improvements with the patients on each follow-
up visit. The diary will be used to document the following points:

* Medically relevant information (change of medication or
nutritional supplements, fever, symptoms etc.)

 Daily sportive activities

*  Weekly read outs of the fitness tracker

*  Weekly psychological questionnaires

* Questions and notes that the study participants might have.

As a standardized measure of physical activity the metabolic
equivalent task (MET) will be used to describe the metabolic
turnover of the patients even when performing different sportive
activities (46, 47).

Inclusion criteria

Exclusion criteria

«  Female sex .

*« Age = 18 years

* Invasive, non-metastatic breast cancer .

«  Sufficient language skills to fill the questionnaires and to write an «
activity diary .

«  Sufficient technical skills or support for using a smart phone and
fitness tracker .

*  Given written informed consent

Any antineoplastic treatment or invasive procedures (e.g., surgery for venous port) prior to
baseline measurement

Life expectancy < 12 months

Non-invasive disease (e.g., carcinoma in situ)

Previous or current history of other neoplasia

Inability to perform a spiroergometry on a tread mill

Pregnant or nursing women
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FIGURE 1 | Schedule for the BEGYN study. All patients are asked to write down their physical activities in a diary (type and duration of exercise) and to continuously
wear a fitness tracker. Study visits are scheduled quarterly, with the first visit taking place before initiation of antineoplastic therapy.

2.4.2 Spiroergometry

During each of the five study visits the patients perform a
spiroergometry on a treadmill (XRCISE RUNNER MED'" by
Cardiowise, ERGO-FIT ", Pirmasens, Germany) for the
assessment of cardiopulmonary fitness (48). After a technical
introduction for the patient, the calibration of the aeroman'
and a baseline spirometry in seated position, the patients start
walking at an individually determined speed, typically 4 kmph.
Subsequently, the patient is challenged according to a
standardized, validated protocol that ensures a linear increase in
Oxygen uptake response (49). For inter- and intraindividual
comparison, the time course of work rate in watts (WR(,)) is
calculated using the formula published by Porszasz et al. (49)
WT(t) =m* g * v(t) * sin (o), where m is body mass in kg, g is the
gravitational acceleration (9.81 m*s?), v(t) is the time course of
velocity in meters per second, and o is the angle of inclination.
The speed or gradient of the treadmill is increased by 0.5 kmph or
1 percent every 2 minutes to intensify the level of exertion. After
each interval, the patient breathes through a tightly fitting

spirometer mouthpiece (aeroman '™ professional, ACEOS
GmbH, Fiirth, Germany) according to a validated protocol (50).
The measurement will be terminated once the patient reaches a
maximum heart rate defined as 220 - age (bpm) or a respiratory
quotient >1. Furthermore, the subjective perception of exertion
according to Borg >17 (51), dizziness, dyspnea, nausea or pain
will lead to termination of the spiroergometry (52). The patient
can interrupt the measurement due to subjective exhaustion at
any time. This will reveal intraindividual longitudinal changes
during the first year after the diagnosis of breast cancer. The
ventilatory threshold (VT) will be used as a submaximal
indicator of general cardiopulmonary fitness (53). VT
represents the excessive increase of carbon dioxide output
compared to oxygen uptake. In addition, heart rate (HR),
oxygen uptake (VO,;), carbon dioxide release (VCO,),
respiratory quotient (RQ), breathing frequency (BF) and
respiratory minute volume (VE) will be assessed to allow the
analysis of endurance performance. The measurements
obtained with the spiroergometry are given in Table 2.
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TABLE 2 | Spiroergometry.

Description Abbreviation Unit

Heart rate HR Beats per minute
Oxygen uptake VO, L/min
Carbon dioxide release (I/min) VCO, L/min
Respiratory quotient RQ VO,/VCO,
Breathing frequency BF Breaths per minute
Respiratory minute volume VE L/min

2.4.3. Fitness Tracker

Physical activity is assessed daily by supplyin& each patient uses a
commercial fitness tracker (Fitbit charge 3 S (Fitbit Inc., San
Francisco) that will be linked to her smartphone (54). Study
personnel assists the patients and - if required - their associate to
install the smartphone app and to setup the measurements. The
patients are requested to transcribe the measurements of their
fitness tracker into their study diary weekly. Those values are
shown in Table 3.

2.5 Body Composition

2.5.1. Bioelectrical Impedance Analysis

The body composition will be determined based on bioelectrical
impedance analysis (BIA) (TANITA scale™, Tanita Europe BV,
Stuttgart). The test person stands barefoot on a body scale and
holds sensors in both hands. Using the impedance between the
four measuring points, numerous data can be collected that
provide information on the muscle, fat, bone and water content
of the whole body and individual compartments. Bioimpedance
analysis is routinely used in the context of nutritional advice and
sports medicine, but it can also shed light into disease processes,
such as hemodialysis patients (55) (Table 4). When accessible,
the body composition will also be estimated by using routine CT
scans of the study patients as previously published (56).

2.5.2 Plicometry (Calipometry)

Plicometry allows a standardized estimate of the body fat status which
can change under influences such as sport, chemotherapy or cancer
(57-60). In the BEGYN study, fat distribution is assessed using the
skinfold measurement using the 3 point-method (triceps, suprailiac
skinfold, and thigh) according to Jackson and Pollock (61).
(Figure 2). The total body subcutaneous fat tissue (in kg) was
estimated from the plicometry measurements using the formula (61):

TABLE 3 | Measurements with the fitness tracker.

Description Abbreviation Registration interval Unit

Core stats Daily
Steps taken Daily Count
Resting heart rate RHR Daily Beats per minute
Calories burned Cal Daily Kcal

Workout stats Real-time
Elapsed time Real-time Minute
Distance covered Real-time Km
Calories burned Real-time Kcal
Average heart rate oHR Real-time Beats per minute
Maximum heart rate HRmax Real-time Beats per minute

TABLE 4 | Measurements by scale and bioimpedance analysis.

Item Unit
Weight kg
Total body fat %
Total muscle mass kg
Bone mass kg
Body-Mass-Index Kg/m?
Basal metabolic rate keal
Metabolic age years
Total body water %
Visceral fat kg
Segmental muscle mass in arms, legs, and torso kg

Segmental body fat in arms, legs, and torso %

Total body subcutaneous fat (kg)
= [(4.95/(1.0994921 — (0.0009929*S) + (0.0000023*S?)
- (0.0001392"age{in years}))) — 4.5/ 100.

S is the sum of the skinfold thicknesses measured at the triceps,
the suprailiac skinfold and the thigh.

2.6 Nutritional Habits, Intake

Of Food Supplements,

Self-Medications, and Lifestyle

According to the guideline, a Mediterranean diet was
recommended to all patients (39). Nutritional habits were
assessed using a questionnaire with a focus on characteristic
dietary patterns. In addition, sleeping, smoking, and drinking
habits, the use of food supplements and self-medication as well as
exposure to sunlight and use of sun protection were assessed
using questionnaires and the self-assessment diary, respectively.

2.7 Biomarkers
Cancer, antineoplastic therapy as well as physical activity are
closely related with biomarkers (22, 62-66).

2.7.1 Blood Count, Biochemical Laboratory Markers
For disease monitoring and adjustment of the antineoplastic
therapy, multiple biomarkers are routinely assessed during the
quarterly study visits (Table 5). In addition, the BEGYN study
will include vitamin D and selenium concentrations since they
are often discussed as potentially relevant to cancer biology
(69-72).

2.7.2 Leukocyte Subsets

Peripheral blood mononuclear cells (PBMCs) will be obtained
from 9,6 ml anticoagulated blood samples by Ficoll density
gradient centrifugation and resuspended in 90% fetal calf
serum + 10% dimethylsulphoxide. Plasma supernatant will be
collected and all biosamples will be cryopreserved at -80°C until
further processing (73).

The underlying disease, the antineoplastic therapies and
physical activity can have a profound impact on the immune
system, respectively (26, 74-77). The number of 36 circulating
leukocyte subsets will be assessed by flow cytometry using a panel
of validated antibody stainings (Table 6), based on previous
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1. triceps skinfold (vertical)

2. suprailiacskinfold (diagonal)

3. thigh skinfold (vertical)

studies (73, 78). Cells will be analyzed with FACSCelesta™ (BD
Biosciences, Franklin Lakes, New Jersey, USA) (79).

2.7.3 Cytokine Profiles

Plasma cytokine profiles will be measured by Luminex® xMAP"™
technology (Austin Texas, USA) since they reflect the activity of
various immune cells (Table 7). Luminex® xMAP"™ technology
performed on MAGPIX' ™ instruments, enables the simultaneous
quantification of up to 50 target proteins or nucleic acids (80) and
have been validated for numerous immunological studies, including
breast cancer (20, 62, 81) and infections (82). Superparamagnetic
microsphere beads are conjugated with a distinct monoclonal
antibody. The beads themselves are dyed with varying amounts of
red and infrared fluorophores to allow clear assignment to a specific
bead region. MAGPIX ™ fluorescence imager-based instruments
use a LED illumination/CCD camera detection system for both
bead region identification and reporter fluorophore-based analyte
quantification (83).

2.7.4 Gene Expression Profiles
The expression of selected mRNA transcripts related to breast cancer
and inflammation will be measured by a quantitative real-time PCR

FIGURE 2 | Plicometry sites of measurement (58, 59). Skinfold measurement using the 3 point-method (1 = triceps, 2 = suprailiac skinfold; 3 = thigh).

(gPCR). The method used is based on a previously published technique
(73). Total RNA will be isolated from PMBCs using the High Pure
RNA Isolation Kit (Roche, Basel, Suisse). Reverse transcription will be
performed using SuperScriptTM VILO IV cDNA Synthesis Kit
(Invitrogen, Thermo Fisher Scientific) followed by the cDNA
purification using QIAquiCkTM PCR Purification Kit (Qiagen,
Hilden). Concentration and purity determination of the isolated
RNA will be performed with NanoDrop'" (Thermo Fisher
Scientific, Waltham, Massachusetts, USA). TagMan'" Gene
Expression Assays (Applied Biosystems, Thermo Fisher Scientific,
Waltham, Massachusetts, USA) will be used to perform qRT-PCR of
immunological key transcription factors TBX21, RORC, GATA3,
FOXP3 (84-88). The Act-values will be calculated using ACTB,
EEF1Al, and 18S as a standard. Values will be normalized to the
data from the samples taken at the baseline visit.

2.8 Assessment of Psychological Parameters
The assessment of psychological parameters will be performed by
using standardized questionnaires that were validated for (breast)
cancer patients, respectively (89-98). A list of questionnaires is
shown in Table 8. Moreover, the patients have the opportunity to
report individual thoughts as free texts and during the study visits.
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TABLE 5 | Laboratory values, intervals of assessment and reference values.

Parameter Assessment interval
Blood count

Erythrocytes quarterly
Hb quarterly
Leukocytes quarterly
Thrombocytes quarterly
Differential leukocyte count

Neutrophils rel. quarterly
Neutrophils abs. quarterly
Lymphocytes quarterly
Monocytes quarterly
Eosinophils quarterly
Basophils quarterly
Biochemical parameters

Sodium quarterly
Potassium quarterly
Calcium quarterly
Magnesium quarterly
Iron quarterly
Creatinin quarterly
Urea quarterly
Uric acid quarterly
Glucose quarterly
Protein quarterly
Albumin quarterly
Cholesterol quarterly
Triglycerides quarterly
CK quarterly
ASAT quarterly
ALAT quarterly
gamma-GT quarterly
Alkaline phosphatase quarterly
Bilirubin quarterly
Lipase quarterly
LDH quarterly
CRP quarterly
HbA1c quarterly
LDL-Cholesterol quarterly
HDL-Cholesterol quarterly
VLDL-Cholesterol quarterly
Interleukin-6 quarterly
Selenium quarterly
Vitamin D-25-OH quarterly
Hormones

TSH quarterly
T3 quarterly
T4 quarterly
Cortisol quarterly
Insulin quarterly
B-hCG quarterly
Tumor marker

CA 15-3 optional

Vial Unit reference value
EDTA 10\S\12/1 4.00 - 5.20
EDTA g/di 12.0-16.0
EDTA 10\S\9/1 3.9-10.2
EDTA 10\S\9/I 140 - 400
EDTA % 42.0-77.0
EDTA 10\S\9/I 15-77
EDTA % 25.0-45.0
EDTA % 2.0-10.0
EDTA % 0.0-5.0
EDTA % 0.0-1.0
Li-Heparin-Plasma mmol/l 135 -145
Li-Heparin-Plasma mmol/I 35-5.1
Li-Heparin-Plasma mmol/l 22-26
Li-Heparin-Plasma mmol/I 0.66 - 1.07
Li-Heparin-Plasma pg/dl 33-193
Li-Heparin-Plasma mg/dl 0.50 - 0.90
Li-Heparin-Plasma mg/dl 17 -48
Li-Heparin-Plasma mg/dl 25-56.7
Li-Heparin-Plasma mg/dl 60 - 100
Serum g/l 66 - 87
Serum g/l 35-52
Li-Heparin-Plasma mg/dl <200
Li-Heparin-Plasma mg/dl <150
Li-Heparin-Plasma U/l 0-170
Li-Heparin-Plasma u/l 0-35
Li-Heparin-Plasma u/l 0-35
Li-Heparin-Plasma u/l <40
Li-Heparin-Plasma u/ 35-104
Li-Heparin-Plasma mg/dl <1.2
Li-Heparin-Plasma u/l 13 -60
Li-Heparin-Plasma ui 0-262
Li-Heparin-Plasma mg/! 0.0-5.0
EDTA % <6.0
Li-Heparin-Plasma mg/dl <130
Li-Heparin-Plasma mg/dl 45 - 65
Li-Heparin-Plasma mg/dl <35
Li-Heparin-Plasma pg/ml <7
Serum ug/! 50 -120 (67)
Serum ng/ml 30 - 100 (68)
Li-Heparin-Plasma plu/ml 0.27 -4,2
Li-Heparin-Plasma pg/ml 20-44
Li-Heparin-Plasma ng/dl 0.93-1.7
Serum ug/dl 4.82 - 19.5*
Serum plu/ml <29.1
Serum miU/ml <1.0
Serum U/ml <26.2

*Reference values for Cortisol vary depending on the time of blood collection. As in the BEGYN study, samples were routinely taken in the morning these standard values were used.

2.8.1 Quality of Life

The overall quality of life is assessed using the Quality of Life
Questionnaire (QLQ-C30 version 3.0) which has been developed
and validated by the European Organisation for Research and
Treatment of Cancer (EORTC) to explore quality of life among
cancer patients (90). The supplementary questionnaire QLQ-BR23
will be used to record symptoms specific for breast cancer (95). In sum,
ascore from 0 — 100 can be calculated allowing the quantification of the
impairments regarding the patient’s health and quality of life.

2.8.2 Mental Health

The questionnaire “Mental health scales” (MHS) (92) was used
to assess the psychological integrity of the study participants, in
order to evaluate the development of the patients’ personality
throughout the study duration. The questionnaire consists out of
seven scales (autonomy (17 items), willpower (14 items),
acceptance of live (8 items), self-reflection (12 items), finding
of a meaning (7 items), naturalness (10 items) and social
integration (8 items)), which yields a total of 76 items. The
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TABLE 6 | Leukocyte subsets.

population

B cells

innate B cells

naive B cells

memory B cells

marginal zone memory B cells
IgM memory B cells

class switched memory B cells
late memory B cells
plasmablasts

transitonal B cells

pre-naive B cells (B1 cells)

B2 cells

T cells

Th cells with of-TCR
cytotoxic Th cells with af-TCR
memory effector Th cells
memory central Th cells

naive effector Th cells

naive central Th cells

memory effector cytotoxic T cells
memory central cytotoxic T cells
naive effector cytotoxic T cells
naive central cytotoxic T cells
T cells with y3-TCR

naive thymus negative Th cells
naive thymus negative Th cells
Th1 cells

Th2 cells

naive Th1 cells

memory Th1 cells

naive Th2 cells

memory Th2 cells

regulatory T cells

NK cells

natural killer cells

memory-like natural killer cells
intermediate natural killer cells
innate natural killer cells

Surface antigens

CD19+ CD27- IgD- IgM-
CD19+ CD27- IgD+ IgM+
CD19+ CD27+

CD19+ CD27+ IgD+ IgM+
CD19+ CD27+ IgD- IgM+
CD19+ CD27+ IgD- IgM-
CD19+ CD27+ CD38+ IgM+
CD19+ CD27+ CD38P"M |gM-
CD19+ CD20+ CD27- CD38+
CD20+ CD27+ CD43+ CD70-
CD20+ CD27+ CD43-

TCRof+ CD4+

TCRop+ CD8+

CD3+ CD4+ CD62L- CD45RO+
CD3+ CD4+ CD62L+ CD45RO+
CD3+ CD4+ CD62L- CD45R0O-
CD3+ CD4+ CD62L+ CD45RO-
CD3+ CD8+ CDB2L- CD45RO+
CD3+ CD8+ CD62L+CD45RO+
CD3+ CD8+ CD62L- CD45R0O-
CD3+ CD8+ CD62L+ CD45RO-
TCR 8+ CD3+ CD5+

CD3+ CD4+ CD31- CD45R0O-
CD3+ CD4+ CD31+ CD45RO-
CD3+ CD4+ CD183+ CCR6+
CD3+ CD4+ CCR4+ CRTH2+
CD3+ CD4+ CD183+ CD45RO-
CD3+ CD4+ CD183+ CD45RO+
CD3+ CD4+ CD45RO- CRTH2+
CD3+ CD4+ CD45RO+ CRTH2+
CD3+ CD4+ CD25+ CD127-

Lin- CD335+ CD56+ CD16+
Lin- CD335+ CD569™ CD16+
Lin- CD335+ CD56""" CD16-
Lin- CD335+ CD56- CD16-

TABLE 7 | Cytokine profiles measures by Luminex™ (MAGPIX®).

Cytokine abbreviation
Tumor necrosis factor o TNFa
Interferon y IFNy
Interleukin 1o IL-1o0
Interleukin 18 IL-18
Interleukin 2 IL-2
Interleukin 4 IL-4
Interleukin 6 IL-6
Interleukin 10 IL-10
Interferon vy -induced protein 10 IP10
Monocyte chemoattractant protein 1 MCP-1
Granulocyte-macrophage colony-stimulating factor GM-CSF

questionnaire is answered with the help of a five-point Likert-
scale (I =1 fully agree; 5 =1 fully disagree) and an example item is
“Generally I am confident”.

2.8.3 Chronic Fatigue Syndrome
Symptoms of chronic fatigue syndrome (CFS) (93) that affects
more than 50% of breast cancer patients and the extent of

psychological stress will be assessed using the Distress
Thermometer (DT) (96).

2.8.4 Anxiety and Depression

The self reported anxiety and distress will be assessed using the
HADS (Hospital Anxiety and Depression Scale) questionnaire
(89, 97) and the German adaptation of the Distress
Thermometer (DT) (94, 96-98).

2.8.5 Well-Being

To get an overview of the mental state of the patients, the
German questionnaire “Multidimensional Well-being
Questionnaire” (MDBQ) (91) has been used in its short
version with twelve items (short version A). This questionnaire
captures three bipolar dimensions of the current mental state
(good mood - bad mood, alertness - fatigue, tranquility —
inquietude) of the breast cancer patients. The questionnaire
presents twelve adjectives (e.g., satisfied, flabby, good etc.) and
with the help of a five-point Likert-scale (I = not at all; 5 = very
much) the patients rate their instant feeling. Cronbachs’o is
between 0.86 and 0.94, indicating a good consistency of the scale.

2.9 Sample Size Calculation and

Statistical Analyses

The Institute for Medical Biometry, Epidemiology and Medical
Informatics (IMBEI) Saarland University is supporting the sample
size calculation, study design, data management and evaluation
using PASS 2019 (NCSS, LLC, Kaysville, Utah, USA) and SPSS
(Version 27 IBM SPSS Statistics, Armonk, New York, USA). Data
were collected by using Excel 2019 (Microsoft, Redmond, USA). A
sample size of 110 produces a two-sided 95% confidence interval
with a distance from the mean to the limits that is equal to 2.835
when the estimated standard deviation is 15.0. A sample size of 110
produces a two-sided 95% confidence interval with a width equal to
0.187 when the sample proportion is 0.50.

Continuous measures are presented as means * standard
deviations (SD) or medians (range). Categorical variables are
presented as frequencies (percentage). For continuous variables
normality is tested using Shapiro-Wilk-Test. In case of non-
rejection of normality two-group comparisons are due to the t-
test for two independent samples. For more than two groups,
comparisons are due to one-way Analysis of Variance
(ANOVA). Comparing two repeated measurements, t-test for 2
dependent samples is used and for more than two we use
repeated measures ANOVA. In case of rejection of normality,
Mann-Whitney U-test, Kruskal-Wallis-test, Wilcoxon test for
two dependent samples and Friedman-test are used, respectively.
For group comparisons considering categorical variables the chi-
squared test and for repeated measures McNemars’s test are
applied. Considering possible confounding we use subgroup
analyses for categorical subgroups or propensity-score-
matching otherwise. Statistical significance will be calculated
using appropriate statistical methods with two-sided p-values <
0.05. The statistical analyses are explorative, so there will be no
correction for multiple testing.
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TABLE 8 | Assessment of the psychological parameters (used questionnaires).

Abbreviation Name Nmber of Content Reference
items
EORTC European Organization for Research and Treatment 30 items health-related quality of life (QoL) (95)
QLQ-C30 of Cancer Quality of Life Questionnaire-Core 30
EORTC European Organization for Research and Treatment 23 items health-related quality of life (Qol) in breast cancer patients: systemic (95)
QLQ-BR23  of Cancer Quality of Life Questionnaire-BReast therapy side-effects, arm symptoms, breast symptoms, body image
cancer module 23 and sexual functioning
MHS Mental Health Scales 76 items willpower, acceptance of life, self-reflection, finding of a meaning, (92)
naturalness and social integration
HADS Hospital Anxiety and Depression Scale 14 items level of anxiety and level of depression (89)
DT Distress Thermometer DT: 1 item Psychosocial distress and possibly associated problems (practical, (94)
Problem list: ~ family, emotional, spiritual/religious and physical)
39 items
MbwQ MultiDimensional Well-being Questionnaire 12 items mood, level of alertness and level of calmness 91)

Data cleanup will include tests for missing data and
plausibility. Depending on the degree of incompleteness or
lack of accuracy, all, or some of the data from a patient will be
excluded from further evaluation. In the case of a study drop out
prior the last follow up visit, the patient’s data will only be
included, and tests will be performed to identify potential
predictors for a study drop-out (e.g., age or weight) that might
introduce a bias. The risk of bias will be discussed in any
publications of the data.

3 DISCUSSION

The BEGYN study will provide a holistic insight into the physical
activity in relation to the physiological and psychological dynamics
during the first year after diagnosis of non-metastatic breast cancer.
The complex interplay between the underlying disease, antineoplastic
therapy and individual constitution affects the patient in toto. Thus,
therapeutic approaches must not be limited to surgery, antineoplastic
medication, radiotherapy and psychological intervention alone, but
should include the motivation for supportive activities such as
exercise, which has great effect on the quality of life and prognosis
(35, 99-101). A better knowledge of biomarkers is a prerequisite to
assess the effects of complementary therapies and to develop
personalized strategies for rehabilitation, e.g., regarding the type
and dose of exercise (9). Therefore, the BEGYN study unites
multiple validated assessments, allowing cross-linking analyses
between the level of physical activity, cardiopulmonary fitness,
body composition, biochemical measurements, an in-depth
immune status including quantification of circulating lymphocyte
subpopulations, mRNA expression and cytokine profiles and an
extensive evaluation of psychological factors.

3.1 Novelty of the Approach

Whereas most studies investigating the influence of physical
activity in breast cancer patients focus on specific activities for
three months or less, the BEGYN study will quantify the daily
physical activity and cardiorespiratory fitness of breast cancer
patients based on objective measurements in the context of the
oncological therapy for 12 months after diagnosis. Multiple

studies have shown that physical activity can have positive
effects in breast cancer patients (4-6, 33-35, 37). Guidelines
recommend physical activity during breast cancer treatment, in
example in the United States (102), in Great Britain (103), in
Germany (39) and others. In particular, physical activity appears
to have a positive effect on breast cancer associated fatigue
syndrome (3) and on the overall quality of life (104). However,
multiple aspects including the underlying mechanisms remain
poorly understood. The BEGYN study will contribute important
data to understand the influence of physical activity on the
dynamics during the first year of breast cancer treatment and
may reveal potential modifiers of the patient’s well-being.

3.1.1 Holistic Approach

To our knowledge, the BEGYN study is one of the largest studies
with a very broad approach in breast cancer patients that will
allow to identify associations between physical, psychological
and laboratory variables, thus linking aspects that are often
studied separately in breast cancer patients. Regarding the
assessment of physical activity, it will be of particular interest
to discuss the results of the BEGYN study in the light of other
ongoing highly innovative studies such as the PROTECT study
which also includes patients with colorectal cancer and lung
cancer (6). One of the major strengths is the continuous
recording of the patient’s physical activity and well-being by
diary and by use of a fitness tracker since physical activity
encompasses not only explicit sports activities, which may last a
few hours per week, but also activity during everyday activities.
Various forms of physical activity have been proposed, such as
yoga, Tai Chi Chuan, Nordic walking, jogging, weight training,
cycling, dancing and many others (20, 36, 37, 47). However, it
has been claimed that individualized recommendations are
needed to meet the needs of the patient (6, 105). By using the
concept of metabolic equivalents (MET), the BEGYN study
will allow comparing effects of physical activities of similar
intensities independent of the type of exercise. Since nutrition,
food supplements and lifestyle may significantly influence
the effects of exercise and antineoplastic therapies, these
variables are assessed by using questionnaires and the self-
assessment diary.
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3.1.2 One Year Study Schedule

The BEGYN study will yield an overview on a relatively long
period of 12 months after diagnosis, starting before any specific
antineoplastic therapy. Thus, the patient will typically be observed
beyond the initial steps of therapy, which are also often associated
with psychoemotional distress. This may give insight into
predictors of a more favorable long-term management towards
a new physical and psychological balance. Moreover, the 12
months study period will reduce potential artifacts due to
seasonal effects which can, in example, influence outdoor
activities and Vitamin D concentrations. The role of Vitamin D
in carcinogenesis and cancer therapy is still under debate.
Importantly, serial measurements of 2,5 OH Vitamin D
concentrations in peripheral blood and assessment of
therapeutic Vitamin D intake may give insight into the role of
Vitamin D metabolism and may also provide data on the
interaction between antineoplastic therapy and Vitamin D. In
addition, the BEGYN study will yield serial selenium
concentrations and insight on the consumption of selenium by
the patients, which often is provided as a self-medication, causing
significant financial burden for some patients.

3.1.3 Comparison of Different

Antineoplastic Therapies

The BEGYN study will allow to compare patients with various
antineoplastic therapies, i.e., endocrine therapy, chemotherapy,
surgery, and radiotherapy. Due to the strict adherence to the
national guideline, therapy concepts are to be expected
representative for the German national standard.

3.1.4 Immunophenotyping

The BEGYN study will yield a deep insight into the innate and
adaptive immune system during the first year after diagnosis of
non-metastatic breast cancer (62). Inflammatory processes are a
crucial part of the physiological response to cancer cells.
Simultaneously, the BEGYN study will shed light on the effects
of endocrine therapy and of chemotherapy on the immune
system. Moreover, it is well recognized that moderate physical
activity is associated with an improved immune status whereas
excessive physical activity leads to an increase susceptibility
towards (viral) infections (22). Interestingly, natural killer (NK)
cells play a key role in sports physiology and in restricting tumor
growth (64). Thus, the BEGYN study will be among the first
studies to quantify four distinct subsets of NK cells in relation not
only to breast cancer and antineoplastic therapy, but also in
relation to the extent and type of physical activity.

The BEGYN study also has some limitations, such as the single
center approach. However, the data will serve as a basis for
designing future multicenter studies. In example, the results of the
BEGYN study might help focusing the highly detailed
immunophenotyping regarding the characterization of leukocyte
subsets, mRNA transcripts and cytokines to the most promising
variables in future study protocols. One further limitation of the
study is that the quality of self-assessments may underlie intra-

individual and inter-individual variations when filling out the self-
assessment diary (e.g. daily documentation of physical activities,
weekly read outs of the measurements of the fitness tracker etc.).
Due to the need of serial measurements of the body composition,
ethical concerns on X-ray exposure were the reason to use
bioimpedance analysis and plicometry rather than Dual-energy
X-ray absorptiometry, which is regarded as the gold standard (106).
With regard to the known limitations of bioimpedance analysis and
plicometry, we will compare the intra-individual relative changes
over time instead of absolute values (107). In addition, we will
further extend the data by estimating the body composition from
the routine CT scans of the study patients (56). The BEGYN study is
an observational study, thus potential causal relationships must be
interpreted carefully. Ethical concerns would not allow
randomizing patients into a group that would not be encouraged
to exercise since this would conflict with the high evidence
guidelines. However, the BEGYN study might help defining valid
methods of continuous registration of physical activity for future
studies to compare the role of various types of exercise, e.g., training
of strength versus endurance.

3.2 Conclusion
The holistic approach over 12 months including physiological,
psychological, and immunological data is the main strength of
the BEGYN study. By including a homogeneous group of 110
female non-metastatic breast cancer patients, the study will
provide highly valid data on the complex interplay between
physical activity, underlying disease, type of therapy and
psychological parameters.

The BEGYN study provides a uniquely thorough analysis of
non-metastatic breast cancer patient during the first year
after diagnosis.

3.3 Ethics and Dissemination

The study is carried out at the Department for Gynecology,
Saarland University Medical Center and has been approved by
the ethics committee of the Medical Association of Saarland
(study # 229/18). Written consent is obtained from the patient in
accordance with the Declaration of Helsinki. Any amendment to
the protocol will require the formal modification and approval by
the same local ethics committee that approved the study prior to
implementation and will be described transparently in
subsequent reports. This study is registered at German Clinical
Trials Register (DRKS) (DRKS00024829). Patient recruitment
took place between September 2019 and January 2021 and data
collection will continue until March 2022.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by ethics committee of the Medical Association of
Saarland (study # 229/18). The patients/participants provided
their written informed consent to participate in this study.
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Objective: To evaluate the effects of Physical Therapies (PTs) on improvement in
psychosomatic symptoms and quality of life (QOL) in breast cancer patients.

Data Sources: Seven databases (MEDLINE, EMBASE, Cochrane CENTRAL, China National
Knowledge Infrastructure, Wangfang, VIP, and China Biology Medicine disc databases)
were systematically searched from the database inception through May 18, 2021.

Study Selection: Randomized controlled trials (RCTs) which compared acupuncture or
exercise with a sham control or usual care for the treatment of aromatase inhibitors (Als)-
related psychosomatic symptoms and QOL.

Data Extraction and Synthesis: Data were screened and extracted independently
using predesigned forms. The quality of RCTs was assessed with the Cochrane
Handbook for Systematic Reviews of Interventions. The effect size was calculated via
random-effects modeling. The quality of evidence was evaluated with the Grading of
Recommendations Assessment, Development and Evaluation approach.

Main Outcomes and Measures: The score of pain was measured with BPI scale and
Western Ontario and the McMaster Universities Index (WOMAC) scale. Emotional state
was measured with Pittsburgh Sleep Quality Index (PSQI), Hospital Anxiety and
Depression Scale (HADS-A), and Functional Assessment of Chronic lliness Therapy-
Fatigue (FACIT-Fatigue). The QOL score was measured by self-reported measurements,
including the Functional Assessment of Cancer Therapy-General (FACT-G) scale and 36-
[tem Short Form Survey (SF-36) scale.
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Results: Eleven RCTs (with 830 patients) were included in the systematic review, and
data from 10 RCTs (with 798 patients) were used in the meta-analysis. Results showed
acupuncture significantly reduced worst pain scores (P < 0.00001, I = 83.5%)
[SMD =-0.81, 95% CI (-1.51, -0.11)], but the effect of exercise therapies was not
significant in overall change in worst pain scores (P=0.006, /= 72.3%) [SMD = —0.30,
95% ClI (-0.76, 0.16)]. Both acupuncture and exercise resulted in little to no difference in
overall change in HADS-A subscale (P = 0.026<0.05, /* = 79.8%) [WMD = -0.21, 95% Cl
(-3.44, 3.03)], PSQI subscale (P =0.488, /> =0%) [WMD =0.98, 95% ClI (-0.57, 2.53)],
and FACIT-Fatigue subscale (P =0.022<0.05, I =81.0%) [WMD = 1.6, 95% Cl (-5.75,
8.94)]. Exercise (compared with usual care) was associated with improving overall change
in health-related QOL (subscales of SF-36 tool) (P =0, = 72.1%) [WMD = 7.97, 95% Cl
(5.68, 10.25)] and cancer-specific QOL (subscales of FACT-G tool) (P = 0.304, I = 16%)
[WMD =1.16, 95% CI (0.34, 1.97)].

Conclusions and Relevance: This systematic review and meta-analysis suggested that
based on moderate-level evidence, acupuncture was associated with significant
reductions in pain intensity, and exercise might improve QOL in breast cancer patients
treated with Als. However, in psychosomatic symptoms such as anxiety, sleep
disturbance, and fatigue, acupuncture and exercise training did not result in significant

improvements.

Keywords: physical therapies, acupuncture, exercise, breast cancer, aromatase inhibitors, pain, quality of life

1 INTRODUCTION

The number of breast cancer survivors is increasing as breast
cancer becomes a major health concern worldwide (1).
According to statistics from 185 countries in 2018, nearly 2.1
million cases of breast cancer were newly diagnosed (2). It was
estimated that about 15.1% of the new cases of cancer were breast
cancer, with an estimated 2.5 million new cases in China each
year (3). Advances in clinical management of breast cancer
increase survival rate and also cause cancer-related side effects,
critically impacting on physical, psychological, and spiritual
aspects of QOL (4). Endocrine therapy, especially aromatase
inhibitors (Als), is the main standard treatment for hormone-
receptor-positive breast cancer (5). Eighty percent of breast
cancer is hormone receptor-positive breast cancer, including
progesterone receptor (PR)-positive or/and estrogen receptor
(ER)-positive subtypes (6). While five years of Als therapy
can improve disease-free survival (DFS) and breast cancer
specific survival (BCSS) for postmenopausal patients in an
early stage of the cancer, these inhibitors are associated
with several sequelae, among which is the worsening of
psychosomatic symptoms (7).

Als may induce disorders in joint and muscle, known as
aromatase inhibitor-induced musculoskeletal symptoms
(AIMSS), which manifest as symmetric pain or soreness in
multiple joints and morning stiffness (8, 9). Psychosomatic
factors play an important role in pain and physical disabilities
(10). Physical symptoms such as depression can lead to chronic
pain and require multiple treatment (11). Serotonin and

norepinephrine influence both the progress of depression and
pain because of the same neurochemical pathway. Therefore,
depression and associated painful physical symptoms must be
treated with equal attention (12). Illness and treatment-related
distress always plagued most breast cancer patients, such
as changes in body image and sexuality and fear of recurrence
(13). Compared with other cancer types, breast cancer
survivors showed more serious psychiatric comorbidity and
psychosocial distress especially anxiety and adjustment
disorders (14). In general, Als are effective drugs for breast
cancer with minimal adverse effects, including hot flashes,
vaginal dryness, and headache, which are typically mild (15).
However, postmenopausal breast cancer patients affected by
comorbidities and treatments including estradiol reduction and
cytokine dysregulation are likely to contribute to deteriorated
psychosomatic symptoms, such depression and anxiety (16, 17).
The abovementioned side effects strike the treatment adherence
of Als, despite the survival advantage of Als.

In the face of the variety of psychosomatic symptoms, breast
cancer patients with Als are complex and heterogeneous. To
date, no definitive pharmacological therapy has been confirmed
to avoid unfavorable side effects (18). In order to meet the
rehabilitation needs caused by psychosomatic symptoms,
related alternative approaches have received much attention
(19, 20). In recent years, physical therapy (PT) has been
used to treat side effects caused by Als (7, 21). PT is generally
divided into two types: one based on using physical factors
as the main means, including biofeedback and acupuncture;
the other on functional training, known as the exercise therapy
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including yoga, aquatic exercise, tai-chi, walking, Pilates, and
resistance exercises (22). Although PT, such as acupuncture,
exercise, or yoga, has been shown to improve AIMSS and
health-related QOL to some extent in previous published
studies (18, 21, 23), the effects of PT on psychosomatic
symptoms were not assessed.

Psychosomatic symptoms play a key role in the management
of patients with breast cancer treated with Als. Studies have
shown that a large number of patients with Als have poor
compliance, which may impact their survival (24). To evaluate
the efficacy of PT in the treatment of psychosomatic symptoms,
this systematic review focuses on the psychosomatic symptoms
of PT in breast cancer survivors, summarizing and evaluating
the evidence from all available randomized controlled trials
(RCTs) to obtain relatively robust clinical evidence.

2 METHODS

2.1 Search Strategy

Seven databases (MEDLINE, EMBASE, Cochrane CENTRAL,
China National Knowledge Infrastructure, Wangfang, VIP, and
China Biology Medicine disc databases) were systematically
searched from the database inception through May 18, 2021.
The literature lists of relevant review articles and full-text review
papers were also cross-checked by different reviewers. The search
strategy involved four parts: clinical situation (breast cancer and
Als), intervention (physical therapy), outcomes (psychosomatic
symptoms), and study type (randomized controlled trial). The
complete search strategies for all the databases can be found
in Supplement 1. Moreover, the reference review articles,
conference summary, and comments on supplementary
citations were scrutinized. All the studies included were limited
to humans, and there was no language restriction.

2.2 Inclusion and Exclusion Criteria

To prevent bias, the inclusion criteria were prespecified
according to population, intervention, comparison, and
outcome (PICO terms): (P) Types of participants: Participants
had a diagnosis of stage I to III ER-positive, or PR-positive breast
cancer in accordance with diagnostic criteria (25) and were
receiving adjuvant therapy for Als; (I) Types of interventions:
All types of management interventions for psychosomatic
symptoms were considered; acupuncture of all types, doses,
and courses, and all exercise therapy, which had to meet the
definition of “physical activity that is planned, structured and
repetitive and has a final or intermediate objective of the
improvement or maintenance of physical fitness,” (26) such as
tai chi, yoga, aqua aerobics, and resistance exercise. These
exercise programs had aerobic/endurance, stretching/flexibility,
resistance/strengthening, or combined training as a key
component and resulted in significant physiological changes;
(C) Types of studies: All RCTs or quasi-experimental studies
which examined the effectiveness of all kinds of PTs on AIMSS or
psychosomatic symptoms in Als treated patients with breast
cancer; (O) Types of outcome measures:

2.2.1 Primary Outcomes

Pain (subgroup scores of AIMSS including three types of
symptoms: pain, stiffness, and grip strength). The score of pain
should be measured using scales including the BPI scale, Western
Ontario and McMaster Universities Index (WOMAC) scale,
VAS scale, and electronic algometer.

Emotional states (including anxiety, depression, sleep
disturbance, or fatigue). Emotional state should be measured by
standard measurements such as Pittsburgh Sleep Quality Index
(PSQI), Hospital Anxiety and Depression Scale (HADS-A), and
Functional Assessment of Chronic Illness Therapy-Fatigue
(FACIT-Fatigue).

2.2.2 Secondary Outcomes

The QOL score should be measured by self-reported
measurements, including the Functional Assessment of Cancer
Therapy-General (FACT-G) scale and 36-Item Short Form
Survey (SF-36) scale.

The exclusion criteria were prespecified as follows: (1) Not
RCT studies such as small case series, protocols, and reviews; (2)
Combined use of drugs; (3) No control group or one arm; (4)
Duplicate publication; (5) Women with advanced/metastatic
breast cancer; and (6) Animal and in vitro studies.

2.3 Data Extraction and Risk

of Bias Assessment

All data were extracted independently by two reviewers, and
discrepancies were discussed with the third reviewer. Predesigned
forms included study features (name of the first author, year of
publication, sample size, and median age), clinical characteristics
(participants, interventions, treatment groups, and outcome
measures), treatment details, methodological characteristics, and
significant results. Two evaluators independently assessed the
quality of included studies according to the Cochrane risk-of-bias
tool for randomized trials (RoB2). Disagreements were resolved
through discussion with another reviewer until consensus was
reached. Each study was assigned a low, high, or some concerns
risk of bias for six specific areas (the randomization process,
deviations from the intended interventions, missing outcome data,
measurement of the outcome, and selection of the reported results,
and other bias), using information extracted from the papers and
supplementary materials and contacting the study authors when
needed. The overall evidence and certainty of evidence were
evaluated with the Grading of Recommendations Assessment,
Development, and Evaluation approach.

2.4 Statistical Analyses

Studies with needed data were included in meta-analysis using
random- or fixed-effects model according to their effect size to
calculate risk ratio and 95% CI. The heterogeneity between trials
was determined by x test and reported as I°. Statistical analyses
were performed within Cochrane Program Review Manager
Version 5.3 (Cochrane Collaboration, Oxford, UK). Two-sided
P<0.05 was considered statistically significant. Studies were
grouped according to the type of intervention and the
comparator (sham treatment). For studies with multiple
control groups, such as real acupuncture versus sham

Frontiers in Oncology | www.frontiersin.org

37

November 2021 | Volume 11 | Article 745280


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Zhu et al.

Physical Therapies in Breast Cancer

acupuncture versus wait-list control, the results were divided into
pairwise comparisons according to different comparators. When
different results of the same study were reported in different
publications, the data were merged. Subgroup sensitivity analyses
were conducted to explore potential sources of heterogeneity.

3 RESULTS
3.1 Search Results

A total of 1,836 articles were identified by searching the seven
databases, from which six articles (0.3%) came from other
sources, such as bibliography and citation searching. After 596
duplicate publications (32%) had been removed, 1,240 records
(68%) went through title and abstract screening, after which
1,229 articles (67%) were excluded because they did not meet the
inclusion criteria. Eleven studies were included in the systematic
review or qualitative synthesis (27-39). One study (9%) (38) was
excluded from the meta-analysis as it had incomplete data, and
we failed to contact the authors for the missing data. Quantitative
synthesis was performed with 10 trials (91%). More details of the
process can be found in the study flow diagram (Figure 1) (40).

3.2 Study Characteristics

3.2.1 Basic Characteristics

Among the 11 clinical trials included, five (45%) were sham
controlled (27-30, 37) and six (54%) were open label-controlled
trials (31-36). Nine studies (81%) applied a two-group parallel
control design, and two studies applied a three-group parallel

Records identified through
database searching

(N=1830)

Duplicates removed
(N=596)

Records after duplicates removed

Additional records identified
through other sources

(N=6)

Records excluded
(N=1091)
(Did not meet eligibility
criteria in titles and abstracts)

Records excluded

(N=104)
(1) Onearm
(2) Review or comment

(N=1240)

Records screened based on
abstract (N=149)

[ Screening ] [Identiﬁcation}

(3) Coverage not matched

— (4) Articles of feasibility
IS Full text artcles assessed for ~—
g eligibility
3 -
E) = Records excluded
=] (N=34)
(1) One arm

(2) Coverage not matched
(3) Articles of feasibility trial

-/

Studies included in qualitative
synthesis
N=11)

Studies included in quantitative

synthesis (meta-analysis)
(N=10)

FIGURE 1 | Flow diagram.

control design. Five studies (45%) evaluated the efficacy of
manual acupuncture and electroacupuncture (27-30, 37), and
six (54%) compared different exercise therapies with usual care
(31-36). Seven studies (63%) were conducted in United States
(27, 29, 30, 33, 34, 36, 37), two (18%) in Australia (32, 38), and
one (9%) in Brazil and United Kingdom (32, 35). The study
characteristics are shown in Table 1.

3.2.2 Population

A total of 830 patients were enrolled in the 11 studies, and 10
studies with 795 patients were included in the meta-analysis. The
sample sizes included in the studies ranged from 29 to 226, with
387 participants (49%) in the acupuncture trials (27-30, 37-39)
and 411 (51%) in the exercise trials (31-36). Eleven studies
reported the mean ages of participants, ranging from 57 to 66
years (27, 29-37), and one study reported age ranges (38). At the
time of enrolment, all participants were using Als, including
anastrozole, letrozole, exemestane, etc. Nine studies (81%)
reported the patients were diagnosed with breast cancer
(staged as I-III), and six studies (54%) (29, 30, 33, 36-38)
reported the patients were postmenopausal. The dropout rate
of four studies (36%) was zero (31, 34, 35, 38). Some studies
reported that their inclusion criteria were women who
experienced any joint symptoms while taking Als, and eight
studies (72%) set the minimum pain score that met the inclusion
criteria (27, 29, 30, 33, 34, 36-38).

3.2.3 Interventions

The interventions included acupuncture [manual acupuncture
(29, 30, 37, 39) and electroacupuncture (27, 38)], exercise
(magnitude vibrative (31), walking (34, 35), and training [32, 33,
36)], sham acupuncture, and no treatment. Four studies (36%)
used acupuncture therapy twice a week for 30 min for 2 to 6 weeks
(27, 30, 37, 38), and one study (9%) used acupuncture therapy
eight times a week for 8 weeks (29). Two studies (18%) surveyed
walking plans, one of which was Nordic walking, which utilizes
walking with hand-held poles (35). Another walking study was
based on a family exercise program, walking 150 min a week (34).
Three studies (27%) used a combination of resistance training plus
aerobic exercise (32, 33, 36). The intervention time of each study is
different, ranging from 6 weeks to 12 months. There were different
reports on the intensity of exercise intervention. One study (9%)
reported the ideal exercise intensity level, with a target of 60 to
80% of the maximum heart rate, based on the VO, maximum test
(36). The majority of studies included at least 150 to 200 min of
exercise per week.

3.2.4 Outcomes

Pain was one of the most important components of
psychosomatic symptoms. In five studies (45%), the BPI scale
was used to assess the worst pain, worst stiffness, and pain severity
associated with AIMSS in patients diagnosed with breast cancer
(28, 30, 35-37). In five studies (45%), the WOMAC was used to
assess the severity of knees or hips osteoarthritis (28, 31, 34, 36,
37). The global score of the PSQI was used to measure sleep
condition in two studies (18%) (27, 29). Anxiety was assessed with
the anxiety subscale of the HADS-A in two studies (18%) (27, 29).
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TABLE 1 | Characteristics of trials included in the analysis.

Source* Intervention Trial Sample Age (I/C)? Arms Participant Race Outcome Primary
design size (year) (course) characteristics measurement tool outcome
(1/C)3, result
dropout
(1/c)?
Crew etal. MA Sham- 43 (23/ 58 (44-77)/57 TA/SA (B0min 1. Postmenopausal White (39%), Hispanic 1. BPI-SF Positive
37) controlled 20), 5 8/ (37-77) twice weekly, 2. Stage I-lll breast (55%), Black (3%), 2. WOMAC
(Us) 2-arm 2) 6 wk) cancer Asian (3%) 3. M-SACRAH
3. Estrogen receptor- 4. FACT-G
positive,
progesterone
receptor-positive,
or both
4. Al for 3months
5. Pain score on the
BPI-SF of >3
points
Oh et al. EA Sham- 32 (16/ <4514 (93%) TA/SA (B0min 1. Postmenopausal Caucasian (86%), 1. BPI-SF Positive
(38) controlled  16), and >45 1 twice weekly, 2. Stage I-llla breast Others (14%) 2. WOMAC
(Australia) 2-arm 3 (2/1) (7%)/<4512 6 wk) cancer 3. FACT-G
(86%) and 3. Estrogen receptor- 4. Blood  analysis:
>45 2 (14%) positive, CRP, ESR
progesterone
receptor-positive,
or both
4. Al for 6 months
5. Pain score on the
BPI-SF of points
Mao etal. EA Sham- 67 22/ 575+10.1/ TA/SA/WLC 1. Stage IHlll breast White (72%), Others 1. BPI Positive®
27) controlled 22/23),8 60.9 + 6.5/ (twice a week cancer (28%) 2. WOMAC
(us)° 3-arm (8/3/2) 60.6 £ 8.2 for 2 wk; then 2. Al for 3months 3. DASH
weekly for 6 3. Joint  pain >3 4. PPT
wk) months 5. Fatigue: BFI
4. Numerical  rating 6. Sleep: PSQI
scale >4 points 7. Anxiety: HADS
5. At least15 days 8. Depression:
with pain in the HADS-Depression
preceding 30 days
Baoetal. MA Sham- 5125/ 61 (44-82)/61 TA/SA (8 1. Postmenopausal Caucasian (72%), 1. HAQ-DI Negative
(29) controlled  26), (45-85) weekly for 8 2. Stage |-l breast African American 2. VAS
(us)® 2-arm 4(2/2) wk) cancer (19%), Other (9%) 3. B-endorphin;
3. Al for 1 month estradiol;
4. Baseline HAQ-DI Proinflammatory
score >3 and/or cytokines: IL-1,
pain using a 100- -6, -8, -10, -12,
point VAS >20 -17, IFN-y, TNF-o
5. Have not received 4. Menopausal
acupuncture symptoms:
treatment in the NSABP
past 12 months 5. Hot Flash: HFRDI
6. Sleep: PSQI
7. Depression:
CESD
8. Anxiety:HADS-A,
Quality of life:
Euro Qol
Hershman MA Sham- 226 60.8 (34.1- TA/SA/WLC 1. Postmenopausal White (85%), Black 1. BPI Positive®
et al. (30) controlled (110/59/  80.6)/57.0 (twice a week or premenopausal  (4.4%), Asian (6.6%), 2. WOMAC
(Us) 3-arm 57), 20 (40.6-77.5)/  for 6 wk; then with gonadotropin-  Pacific Islander (0.4%), 3. PROMIS PI-SF
(9/5/6) 60.6 (27.1- weekly for 6 releasing hormone ~ American Indian 4. M-SACRAH
76.0) wk) agonist (0.4%), others (3.2%) 5. FACT-ES
2. Stages -l breast
cancer
(Continued)
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TABLE 1 | Continued

Source* Intervention

Baker EX (Low-

etal. (31)  frequency,
low-

(Australia) magnitude
vibrative)

Paulo EX

etal. (32) (resistance
training

(Brazil) followed by
aerobic
training)

Baglia EX (strength-

etal. (33)  training and
aerobic
exercise)

(Us)

Nyrop EX (Walk)

et al. (34)

(Us)

Trial
design

Open
label-
controlled
2-arm

Open
label-
controlled
2-arm

Open
label-
controlled

2-arm

Open
label-
controlled
2-arm

Sample  Age (I/C)?
size (year)
ey,
dropout
(7cy?
3114/  61.6+9.2/
17), 0 61.6+7.8
36 (18/ 632+7.1/
18), 66.6 + 9.6
7 (3/4)
121 (61/ 62 +7/60.5 =
60),38 7
(16/22)
62 31/ 63.3+6.9/

31),9(7/ 64.4+9.7
2)

Arms
(course)

EX/WLC (20
min of
vibration, 3
weekly for 12
wk)

EX/CG (3
weekly for 36
months)

EX/CG (2
weekly for 12
months)

EX/WLC (150
min weekly for
6 wk)

Participant
characteristics

3. Estrogen receptor-
positive,
progesterone
receptor-positive,
or both

4. Al'>1month to
continue for at
least 1 additional
year

5. Zubrod
performance 0-1

6. Pain score on the

BPI-SF of >3
points
1. Breast cancer

(stage unknown)

2. Taking any bone-
altering
medications or
supplements

3. Able to stand
unassisted for
sustained periods
of time (i.e., 20
min)

1. Aged between 50
and 80 years

2. Stage |-l breast
cancer

3. Al for  breast
cancer

4. No muscle and
bone damage

1. Postmenopausal
women, HR-
positive, stage -l
BC diagnosed
0.5-4 years prior
to enrolment

2. Al for 6 months

3. Arthralgias for >2
months, with BPI-
SF score>3/10

4. 4.Pre-existing joint
pain allowed if
worsened after Al

5. Physically inactive:
baseline <90 min
exercise/week, no
strength training

1. Age >21 years

2. Stage O-lll breast
cancer

3. Al for 4 weeks

4. Pain score on the
BPI-SF of >3
points

Race

Australian (100%)

Brazilians (100%)

Non-Hispanic White
(85%)

Hispanic (3%)

African American (9%)
Asian/Pacific Islander
(2%)

American Indian (1%)

Caucasian (74%),
Others (26%)

measurement tool

o~ wWwND =

. WOMAC
. FACT-Fatigue

. SF36
. EORTC QLQ-C30
. EORTC

. FACT

. FACT-G

. FACT-B

. SF-36

. FACIT-Fatigue

N oA~

Outcome Primary

outcome
result

Negative

subscale

. Bone Resorption

and Formation:
NTx/Cr, PINP

. Body

Composition and
Bone Mineral
Density

. Physical

Functioning
Positive

QLQ-
BR23

Positive

VAS Positive

. WOMAC
. FACT-G

RAI
ASE
OEE

. SEPA
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TABLE 1 | Continued

Source* Intervention Trial Sample Age (I/C)? Arms Participant Race Outcome Primary
design size (year) (course) characteristics measurement tool outcome
(1/C)?, result
dropout
(7cy?
5. Exercising <150
min per week
Fields EX (Nordic Open 40 (20/ 60 +8/66 +7 EX/CG(once 1. Breast cancer Caucasian (100%) 1. BPI-SF Positive
etal (35)  walking) label- 20), 0 a week for 6 (stage unknown) 2. PSEQ
controlled wk, then four 2. Al for  breast 3. CES-D
(UK) 2-arm times a week cancer 4. SF-36
for 6 wk) 3. Reporting joint
symptoms over
preceding 12
months
Irwin et al.  EX (strength- Open 121 (61/ 62 +7/60.5+ EX/CG (2 1. Postmenopausal Non-Hispanic White 1. BPI Positive
(36) training and  label- 60), 38 7 weekly for 12 women, HR- (85%) 2. WOMAC
aerobic controlled  (16/22) months) positive, stage -l Hispanic (3%) 3. DASH
exercise) BC diagnosed African American (9%) 4. Grip strength
0.5-4 years prior  Asian/Pacific Islander
to enrolment (2%)
(US) 2-arm 2. Al for 6 months American Indian (1%)

3. Arthralgias for >2
months, with BPI-
SF score>3/10

4. Pre-existing
pain allowed if
worsened after Al

5. Physically inactive:
baseline <90 min
exercise/week, no
strength training

joint

*Sources of funding for the included studies are provided in the Supplement 1.

l/C, data of Intervention group/data of control group(s);

PDifterent outcomes were reported in separate publications; the data were merged.

°Primary results of comparisons (experimental intervention vs. sham control(s) and experimental intervention vs. waitlist control) were both positive.

NM, no mention; EA, electroacupuncture; MA, manual acupuncture; Al, aromatase inhibitor; TA, true acupuncture group, SA, sham acupuncture group,; WLC, waitlist control; EX, exercise;
CG, control group; BPI-SF, Brief Pain Inventory-Short Form; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; M-SACRAH, Modified Score for the Assessment
and Quantification of Chronic Rheumatoid Affections of the Hands,; FACT-G, Functional Assessment of Cancer Therapy—General; BFI, Brief Fatigue Inventory; PSQI, Pittsburgh Sleep
Quality Index; HADS, Hospital Anxiety and Depression Scale; HAD-DI, The Health Assessment Questionnaire—the disability index; NSABP, National Surgical Adjuvant Breast and Bowel
Project; HADS-A, Hospital Anxiety and Depression Scale—the anxiety subscale; PROMIS PI-SF, The PROMIS Pain Impact-Short Form; CES-D, Center for Epidemiological Studies
Depression; PSEQ, Pain Self-Efficacy Questionnaire; DASH, The Disabilities of the Arm, Shoulder, and Hand questionnaire; PPT, The Physical Performance Test; BMI, body mass index; %
FM, percent bodly fat; LBM, lean body mass; BMD, bone mineral density; FSI, Fatigue Symptom Inventory; AUSCAN, Australian/Canadian Hand Osteoarthritis Index; HFRDIS, Hot Flash
Related Daily Interference Scale; EORTC QLQ-C30, European Organization for Research and Treatment of Cancer questionnaire entitled “Quality of life Questionnaire version 3.0; EORTC
QLQ-BR23, European Organization for Research and Treatment of breast cancer module; FACT-ES, Functional Assessment of Cancer Therapy—the endocrine subscale; FACT-B,
Functional Assessment of Cancer Therapy-Breast cancer; FACIT-Fatigue, Functional Assessment of Chronic illness Therapy—Fatigue; SF-36, the MOS item short from health survey; VAS,
visual analog scale; RAI, rheumatology attitudes index; ASE, arthritis self-efficacy scale; OEE, outcome expectations from exercise; SEPA, self-efficacy for physical activity.

FACIT-Fatigue is a 13-item subscale to assess fatigue-related
concerns in two studies (18%) (31, 33). QOL was measured by
the FACT-G questionnaires in two studies (18%) (33, 34) and SF-

36 in three studies (27%) (32, 33, 35).

3.3 Methodological Quality

of Clinical Studies

Details of the risk assessment of bias in the included studies are
documented in Figure 2. Four studies (36%) (27, 29, 30, 36, 37)
were of high quality. Because of the nature of the exercise
intervention, it was not practical to ensure blindness of
participants and outcome assessors. However, the measurements
of psychosomatic symptoms were always the result of the patients’

reported outcomes. Therefore, detection bias was objectively
presented when participants and outcome assessors could not be
blinded to the intervention. Thus, the five open-label studies (45%)
(31-35) without sham exercises were rated as having a high or
some concerns risk of bias for blinding of the participants and
outcome assessors. One study (9%) (34) reported randomization
errors, and although the cause and time of the error were not
reported, we judged it to be a high-risk selection bias (random and
allocation concealment). One study did not use appropriate
analysis to estimate the effect of assignment to intervention, and
we judged (9%) (35) it to be a high-risk selection bias (deviations
from the intended interventions). Details of this study are
presented in the Supplement 1.
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3.4 Outcomes of Acupuncture

and Exercise

3.4.1 Interventions of Pain

Seven studies used outcomes reported by participants to assess
pain symptoms (28, 30, 37), which included the BPI scale and
WOMAC. The BPI scale is composed of three subscales: pain-
related interference, pain severity, and worst pain. In acupuncture
trials (28, 30, 37), three subscales were analyzed, but in exercise
trials (35, 36), only analyzed one subscale of worst pain. WOMAC
is composed of four subscales: the pain, stiffness, function
(difficulty), and normalized subscales. In the meta-analysis of
acupuncture and exercise trials, we only included the pain
subscale of WOMAC to assess the effect of interventions.

Acupuncture. We performed a meta-analysis on the effect of
acupuncture on worst pain. Because of the different scoring
systems, SMD was used. In the meta-analysis, two studies (30,
37) used the BPI worst pain scores and two studies (28, 37) used
the WOMAC pain subscale. Given the high heterogeneity of the
four studies (p < 0.00001, I? = 83.5%), we used a random-effects
model in the combined effects analysis. The true-acupuncture (c)
group was better than the sham-acupuncture (SA) group
[SMD =-0.81, 95% CI (-1.51, —-0.11)] (Figure 3). The
significant heterogeneity might result from the diversity of
outcome assessment tools and acupuncture interventions used
in the studies.

Two studies were included in the meta-analysis on BPI Pain
Severity score (28, 30). Because of the high heterogeneity
(P=0.015<0.05, I’=71.5%), we divided them into two
subgroups according to the control method used. No
significant differences were observed between the TA group
and SA group (P=0.736, P=0%) [WMD =-0.53, 95% CI
(-1.06, 0)], while there were also no significant differences
between the TA group and waitlist control (WLC) group
(P=0.187, I’ =42.5%) [WMD = -1.70, 95% CI (~2.43, —0.98)]

(Figure 4). Three studies were included in the meta-analysis on
BPI Pain-Related Interference score (28, 30, 37). Because of the
high heterogeneity (P=0.116, I’ = 45.9%), we divided them into
two subgroups based on the control method used. There were no
significant differences between the TA group and SA group
(P=0.141, I* = 49.0%) [WMD =-0.87, 95% CI (~1.78, 0.06)],
while there were also no significant differences between the TA
group and waitlist control (WLC) group (P =0.254, P =23.1%)
[WMD = -1.34, 95% CI (-2.12, -0.56)] (Figure 5).

Exercise. The effect of exercise on pain was performed by
using BPI worst pain scores and WOMAC pain subscale.
Because of the different scoring systems, SMD was used. In the
meta-analysis, two studies (35, 36) used the BPI worst pain scores
and three studies (31, 34, 36) used the WOMAC pain subscale.
Considering the high heterogeneity of these five studies
(P =0.006, I* =72.3%), we adopted a random-effects model in
the comprehensive effects analysis. There were no significant
differences between the exercise group and the control group
(P =0.006, I*=72.3%) [SMD =-0.30, 95% CI (-0.76, 0.16)]
(Figure 6). The considerable statistical heterogeneity of studies
in the meta-analysis might result from the range of exercise
interventions utilized between the studies and the wide range of
outcome assessment tools used. Due to the lack of available data,
the other subscales were not analyzed in exercise trials.

3.4.2 Interventions of Anxiety, Sleep Disturbance,
and Fatigue

Acupuncture. The effect of acupuncture on anxiety and sleep
disturbance was performed in a meta-analysis by using HADS-A
and PSQI. In the meta-analysis, two studies used the HADS-A
subscale (27, 29). Because of the high heterogeneity, we used a
random-effects model. There were no significant differences
between the TA group and the SA group (P =0.026<0.05,
I*=79.8%) [WMD =-0.21, 95% CI (-3.44, 3.03)] (Figure 7).
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FIGURE 3 | Overall change of acupuncture trials in pain, combined using (1) BPI worst pain subscale and (2) WOMAC pain subscale.

Two studies were included in the meta-analysis on PSQI subscale
(27, 29). Because of the low heterogeneity, we used a fixed-effects
model. There were also no significant differences between the TA
group and the SA group (P = 0.488, I* = 0%) [WMD = 0.98, 95%
CI (-0.57, 2.53)] (Figure 8).

Exercise. The eftect of exercise on fatigue was performed in a
meta-analysis by using FACIT-Fatigue. In the meta-analysis, two
studies used the FACIT-Fatigue subscale (31, 33). Because of the
high heterogeneity, we used a random-effects model. There were
no significant differences between the exercise group and the
control group (P =0.022<0.05, > =81.0%) [WMD = 1.6, 95% CI
(=5.75, 8.94)] (Figure 9).

3.4.3 Interventions of QOL

Exercise. Three studies used SF-36 to assess health-related QOL
(32, 33, 35). The subscales of SF-36 can be grouped into a
Physical Component Score and a Mental Health Component
Score. The higher the score, the better the health status. Using a
random-effects model, the results are from eight subscales: role
physical (P =0.05, 12:66.6%) [WMD =10.55, 95% CI (0.83,
20.27)]; physical functioning (P =0.066, I>=63.6%)
[WMD =12.11, 95% CI (4.63, 19.59)]; body pain (P =0,
P= 91.3%) [WMD =13.59, 95% CI (-3.44, 30.61)]; general
health (P =0.394, P= 0%) [WMD =4.31, 95% CI (1.83, 6.79)];
vitality (P =0, P= 87.3%) [WMD =9.79, 95% CI (-3.09, 22.68)];
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FIGURE 4 | BPI Pain Severity score in acupuncture trials.
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FIGURE 5 | BPI Pain-Related Interference score in acupuncture trials.

social functioning (P =0.021, IP=74.1%) [WMD =7.16, 95% CI
(-1.20, 15.52)]; emotional role (P =0.582, I>=0%)
[WMD =2.51, 95% CI (-1.90, 6.92)], and mental health
(P=0.945, *=0%) [WMD =321, 95% CI (0.8, 5.62)]. The
overall result of meta-analysis showed the effect of exercise
resulted in improvements in health-related QOL (P =0,
PP=72.1%) [WMD =7.97, 95% CI (5.68, 10.25)] (Figure 10).
FACT-G is a 27-item questionnaire assessing physical well-
being, social/family well-being, emotional well-being, and
functional well-being. Two studies were included in the meta-
analysis on FACT-G to assess cancer-specific QOL (33, 34). The
results using a random-effects model from the four subscales
included physical well-being (P =0.112, I*=60.3%)

[WMD =1.44, 95% CI (-0.95, 3.84)]; social/family well-being
(P=0.293, P= 9.5%) [WMD =0.37, 95% CI (-1.39, 2.13)];
functional well-being (P =0.628, P =0%) [WMD =2.22, 95%
CI (0.58, 3.86)], and emotional well-being (P =0.388, P =0%)
[WMD =0.59, 95% CI (-0.70, 1.89)]. The overall change of
meta-analysis showed the effect of exercise also resulted in
improvements in health-related QOL (P =0.304, I’ =16%)
[WMD = 1.16, 95% CI (0.34, 1.97)] (Figure 11).

3.5 Adverse Effects

Only minor adverse events were reported, which need not
medical evaluation or intervention. Three acupuncture studies
have reported bruising of the skin and subcutaneous tissues,
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FIGURE 6 | Overall change of exercise trials in pain, combined using (1) BPI worst pain subscale and (2) WOMAC pain subscale.
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° an

slight pain from the application of treatment to the skin, or
presyncope (27, 30, 38). Three acupuncture studies reported no
adverse events or no mention of adverse events (29, 37, 39).
Reports of adverse events were seen in two exercise studies, such
as pain, syncope, increased swelling, and extreme distress during
a training session (31, 35). Four exercise studies recorded no
adverse events or did not mention adverse events (32-34, 36).

4 DISCUSSION

This was the first systematic review and meta-analysis to evaluate
the effect of PTs on psychosomatic symptoms induced by Als in
breast cancer patients. The systematic review included 11 RCTs

Study

TAVS SA

involving 830 participants with breast cancer, and 10 studies with
798 participants were included in meta-analysis. The results
show that acupuncture, compared with no treatment, could
significantly improve the worst pain score, pain-related
interference score, and pain severity score of the BPI scale.
However, compared with no treatment, supervised exercise did
not significantly improve the worst pain score of the BPI scale.
The results are consistent with previous findings (21). Our results
seem to suggest the superiority of acupuncture to exercise in pain
improvement, though for now it is not recommended by
guidelines (41, 42) and the quality of the evidence was of low
level. More direct evidence that compares acupuncture and
exercise therapy is needed. In addition to this, exercise was
reported to result in a perceived improvement in patients’
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FIGURE 8 | PSQI subscale in acupuncture trials.
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QOL, suggesting its potency in enhancing patients’ well-being.
The evidence suggests that both acupuncture and exercise result
in little to no change in anxiety, sleep disturbance, and fatigue in
patients suffering from psychosomatic symptoms, but the quality
of the evidence for this outcome was not high, either. Relatively,
few adverse events of acupuncture and exercise were reported,
which was consistent with previous findings (18, 21).
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FIGURE 10 | SF-36 subscale in exercise trials.

The worldwide use of cytotoxic chemotherapy or other
antitumor means is partly encouraged by Als antitumor
efficacy and better safety profile. However, they are not free of
adverse effects (43). Al-associated arthralgia (AIA) is
characterized by symmetrical joint pain, mostly affecting
hands, wrists, and knees, which might have significant impact
on patients’ QOL and compliance of treatment (44). On the
individual level, breast cancer could induce anxiety and
depression, as patients cannot help but worry about their
future. Pain might aggravate this process, although very little is
known about the pathophysiology of AIA (44). Various
researches have shown significant association between
perceived stress caused by pain and psychosomatic complaints
(45). The definition of pain states that it is a subjective sensory
and emotional experience. Pain has always been an unpleasant
sensation, which has to do with both our psychosomatic
conditions and previous experience of pain (46) (Figure 12).
The notably improved clinical outcomes in breast cancer
juxtaposed with significant treatment-related morbidity and
mortality has led to interest in the development of de-escalated
therapeutic strategies with the goal of maintaining or further
improving oncologic outcomes while reducing short- and long-
term toxicity and treatment-related distress (47). Currently
explored strategies include replacing, reducing, or omitting
cytotoxic chemotherapy; reducing dose or volume of
radiotherapy; incorporation of less-invasive surgical
approaches; and adjuvant therapies (48). Several clinical trials
have provided treatments for AIA, among which are alternative
approaches, such as physical exercise, herbal remedies,
acupuncture, and yoga, though most evidence are of low
quality. Presently, there were no standard, uniformly accepted
treatments for AIA, and the majority of the proposed algorithms
were based on anecdotal reports or derived from experiences in
other pathologies, rather than from specific trials (49). This study
applies more quality evidence to prove acupuncture was
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associated with significant reductions in pain intensity and
exercise and might improve QOL in breast cancer patients
treated with Als. Therefore, we tried to apply more stringent
inclusion of recent high-quality trials to ensure the quality of
RCTs and improve the credibility of evidence. This can serve as a
demonstration for future design of de-escalation studies in the
patient population.

Admittedly, some guidelines recommend exercise as a part of
the routine lifestyle of women with breast cancer (41, 42).
Furthermore, several RCTs evaluate different exercises, such as
yoga, tai-chi, swimming, walking, and Pilates, which emphasized
the benefits of supervised exercise on AIA, that is, pain, stiffness,
grip strength, and QOL improvements (35, 50). Previous studies
had shown that exercise had positive impact and significantly

improved a wide range of functional, psychological, and
physiological markers in individuals regardless of the type of
cancer and stages of treatment (51-53). Exercise might be
associated with small decreases in pro-inflammatory markers
(54). Specifically, TNF and CRP were lower after training, which
may have clinical relevance as both are considered as prognostic
biomarkers in cancer and produced a more optimal antitumor
environment (54). And our results were well in accordance with
an earlier study including seven RCT's with a total of 400 enrolled
patients, but didn’t provide explicit evidence in favor of the
benefits of supervised exercise in AIA (21). Recently,
acupuncture for their role in reducing pain has been
increasingly appreciated. As sham acupuncture helps avoid
bias in assessing the specific outcome of acupuncture, multiple
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researches and reviews had found the potential efficacy of
acupuncture in reducing AIA (15, 18, 55). Available evidence
has confirmed acupuncture as a key component of pain
management. Furthermore, the present meta-analysis found
acupuncture to be associated with demonstrable pain reduction
compared to exercise and no treatment, which might show
superiority of acupuncture over exercise in pain alleviation.
However, few trials evaluated the influence between
acupuncture and exercise. Thus, further research is needed to
investigate the superiority of acupuncture to exercise in
alleviating AIA.

The effect of acupuncture on life quality of patients with
breast cancer treated with Als was investigated in few studies. We
only evaluated the effect of exercise on QOL in women with
AIMSS. The wide range of symptomatology of AIMSS and the
potential severity of symptoms could affect multiple facets of
health and well-being for women (56). The results of health-
related QOL and cancer-specific QOL, which was assessed using
the SF-36 and FACT-G, respectively, showed that exercise
training led to a moderate improvement in QOL. Nonetheless,
substantial heterogeneity lowered the grade of evidence from
high to moderate. Several potential mechanisms might interpret
the benefits of exercise in cancer patients. First, exercise helps
promote body composition and psychological benefits through
maintaining cardiovascular function and metabolic parameters
(57). Second, exercise elevates emotional experiences by the
neural factors and neurotransmitter systems, such as the
endocannabinoid system (58). Third, exercise also enhances
immune function and decreases inflammatory factors, which
are the possible causes of carcinogenesis (59, 60).

5 LIMITATIONS

Several limitations were observed and lowered the evidence
grade from high to moderate. First, substantial heterogeneity
damaged the credibility of the evidence, which prevented us from
drawing a high-quality conclusion, although sensitivity analyses
were attempted through subgroup analyses. Second, the limited
number of trials included for each comparison in the meta-
analysis caused unfeasibility of funnel plots, which could not fully
evaluate publication bias. Third, both real acupuncture and sham
acupuncture can improve pain scores, which means that sham
acupuncture may provide a therapeutic benefit. The mechanism
may be triggering the release of endorphins or activating pain-
related neural matrix (15). Fourth, it is hardly possible to blind
the participants in certain studies, such as the treatment arms in
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Background: The standard care for HER2-positive breast cancer is chemotherapy plus a
HER2-directed therapy. This can lead to treatment-induced cardiotoxicity. On the other
hand, the practice of physical activity is known to improve cardiac function; thus HER2-
positive breast cancer patients could draw particular benefit from physical activity during
treatment. However, at the time of diagnosis for breast cancer, the majority of patients are
insufficiently active according to physical activity recommendations of World Health
Organisation, and it is difficult to remain or become active during the treatment. There
is a lack of data in the literature on the optimal program to propose to patients to
encourage them to be active during treatment. The aim of our study is to assess the
feasibility of a home-based physical activity program during neoadjuvant chemotherapy
and trastuzumab for HER2-positive breast cancer.

Methods: The APACAN2 study is a single-centre, non-randomized interventional trial.
Patients with HER2-positive breast cancer treated with anthracycline-based neoadjuvant
chemotherapy and trastuzumab are eligible for enrolment. The supervised home-based
physical activity program takes place during neoadjuvant chemotherapy (NACT). It
combines aerobic and strengthening exercises. The primary endpoint is the proportion
of patients reaching the international physical activity recommendations, i.e. 150 minutes
of moderate-intensity activity per week at the end of NACT. The study started in April 2018
and seventy patients are expected to be recruited.

Discussion: In the literature, the majority of studies on practice of physical activity
in breast cancer focus on adjuvant chemotherapy or on the period after the end of
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treatment. To the best of our knowledge, the APACAN2 study is the first to evaluate a
home-based physical activity program during neoadjuvant chemotherapy for HER2-

positive breast cancer.

Trial Registration Number: Clinicaltrials.gov: NCT02963363, registered on July 11,
2016. Identifier with the French National Agency for the Safety of Medicines and Health
Products N°ID RCB 2016-A01344-47, registered in August 2016. Protocol: version 8, 24

February 2021.

Keywords: HER2-positive breast cancer, adapted physical activity, neoadjuvant chemotherapy, HER2-directed

therapy, feasibility study

1 INTRODUCTION

Worldwide, breast cancer is the most commonly diagnosed cancer
among women and is also the leading cause of cancer death (1).
Overexpression of human epidermal growth factor receptor 2
(HER2) concerns approximately 15% of breast cancer patients.
This subtype of cancer is associated with a poorer disease-free
survival and overall survival (2, 3). The standard care to treat these
tumours is chemotherapy plus HER2-directed therapy
administered in combination with standard chemotherapy
(anthracycline and taxane-based). This treatment reduces both
the rate of recurrence and the mortality rate, respectively by half
and by one third. However, trastuzumab (the most commonly
used HER2-directed therapy) is known to be associated with
cardiotoxicity (4). Anthracycline-based chemotherapy also
causes cardiotoxicity (5, 6). Between 1 and 4% of patients
treated with trastuzumab develop heart failure is and nearly
10% have asymptomatic LVEF reduction (7-10). It has been
estimated that the cumulative incidence rate for major cardiac
events (as for example pulmonary edema, cardiomyopathy;
cardiovascular death) is 6.6% for sequential therapy, i.e.
anthracycline and trastuzumab (11).

As a result, HER2-positive breast cancer patients are exposed
to treatment-induced cardiotoxicity. This can have serious
consequences, such as treatment discontinuation (12).

Physical exercise is known to improve quality of life during and
after breast cancer treatment (13-16). It can also be beneficial for
cardiac function. Eight weeks of aerobic practice during adjuvant
chemotherapy for breast cancer have led to an increase in oxygen
peak consumption reflecting an improvement in cardio-
respiratory capacities (17). The longer the physical activity
program, the greater the improvement in oxygen peak
consumption (ranging from 0.6 ml/min/kg after 12 weeks to
1.83 ml/min/kg after 27 weeks of practice) (18-20). In addition,
physical activity could protect the cardiovascular system, so that it
could be a strategy to limit treatment-induced cardiotoxicity in the
HER2-positive population. However, at diagnosis of breast cancer,

Abbreviations: APA, Adapted physical activity; CI, confidence interval; HDL,
High density lipoprotein; HER2, Human epidermal growth factor receptor 2; LDL,
Low density lipoprotein; LVEF, Left ventricular ejection fraction; MFI-20,
Multidimensional fatigue inventory; MSE, Medico-sports educator; NACT,
Neoadjuvant chemotherapy; QLQ-C30, Quality of life questionnaire core 30;
QOL; Quality of life; RPAQ, Recent physical activity questionnaire.

the majority of patients have insufficient levels of physical activity
and do not reach the international recommendations (21-25).
These recommendations are issued by the World Health
Organisation (WHO) for the healthy population, and
correspond to 150 minutes of moderate-intensity activity or 75
minutes of vigorous activity or an equivalent combination of
moderate and vigorous activity per week (26) and to limit time
spent in sedentary behaviors. Nevertheless, it can be difficult to
maintain physical activity during treatment because of several
barriers relating to care, and also personal barriers (27).

Numerous interventional clinical trials have been set up to
promote adapted physical activity during breast cancer
treatment. The notion of adapted physical activity refers to
physical activities and sports that are adapted to the capacities
of people because of their health condition. The proposed
programs are heterogeneous in terms of exercises (aerobic and/
or muscular strengthening), duration of sessions, duration of the
program (a few weeks to several months), intensity or even the
mode of practice (alone or in a group, supervised or not) (27).

In the literature data, there are few trials exploring the interest
in physical activity for the HER2-positive breast cancer
subpopulation. Haykowski’s study (aerobic exercise, three
sessions of 30 to 60 minutes/week) concerned the first four
months of trastuzumab administration and did not evidence
any improvement in cardiac function (28). On the contrary, left
ventricular cavity dilation and significant decreases in the
ventricular ejection fraction were observed. The authors pointed
out that the poor adherence to exercise sessions could explain this
result, because cardiopulmonary function improved for patients
that completed > 55% of the sessions. A randomized controlled
study among HER2-positive patients showed that patients who
followed the aerobic intervention during their neoadjuvant
chemotherapy (3 sessions per week, one-to-one supervised
sessions) improved their cardiopulmonary function while it
decreased in the control group patients (29). In France, the
CARDAPAC phase II study conducted on HER2-positive
patients treated with trastuzumab alone has just been completed
(30). The aim was to assess the impact of 3 months’ aerobic
exercise on cardiac function and on the incidence of
cardiotoxicity. The program started at the end of chemotherapy
and consisted in 3 sessions of 45 minutes a week.

The practice of physical activity is recommended as soon as
possible at the beginning of treatment for breast cancer patients
(31-33). However, in the literature, the majority of the programs
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are offered in the course of adjuvant chemotherapy or in the
post-treatment period. Furthermore, there is a lack of
information in the literature about the interest of physical
activity practice for HER2-positive breast cancer patients. In
this context, Jean PERRIN Centre has initiated a prospective
interventional study in order to study the feasibility of a home-
based physical activity intervention among HER2-positive breast
cancer patients currently treated with neoadjuvant
chemotherapy + targeted therapy. The objective of the
intervention is to achieve or maintain a physical activity level
corresponding to the WHO international recommendations at
the end of chemotherapy and to limit time spent in
sedentary behaviors.

2 METHODS AND ANALYSIS
2.1 Study Design

APACAN?2 is a French single-centre, prospective, interventional,
non-randomized trial designed to assess the feasibility of a home-
based adapted physical activity (APA) intervention during
neoadjuvant chemotherapy for early HER2-positive breast
cancer (NCT02963363).

Seventy patients are expected to be recruited. Patient
enrolment is expected to take 6 years and the study duration
for each patient is 20 months.

Participants can withdraw at any time. Data obtained will be
retained with consent, and any reasons given for withdrawal will
be recorded.

2.2 Coordination

The Centre Jean PERRIN is the sponsor and is responsible for
coordination, trial management, data management and
trial monitoring.

2.3 Study Objectives and Endpoints

2.3.1 Primary Objective and Endpoint

The primary objective of the APACAN?2 trial is to demonstrate
the feasibility of a home-based adapted physical activity (APA)
program for patients with HER2 positive breast cancer receiving
neoadjuvant chemotherapy. Therefore, the primary endpoint is
the proportion of patients reaching the international
recommendations for physical activity at the end of
chemotherapy. It will be evaluated using the recent physical
activity questionnaire (RPAQ) which will be completed before
and at the end of neoadjuvant chemotherapy (34).

2.3.2 Secondary Objectives and Endpoints
The secondary objectives of the APACAN 2 trial are:

- assessment of the impact of the APA program on exercising
time and sedentary time; quality of life; fatigue; weight;
physical capacities; physical activity in the rest of the day;
lipid profile; ventricular ejection fraction. This will be
evaluated using questionnaires [RPAQ (34), QLQ-C30 (35),
MFI-20 (36)], physical tests, blood tests and cardiac
ultrasound. This data will be collected at baseline, at the

end of chemotherapy and at the beginning and the end of
targeted therapy.

- description of the longitudinal evolution of physical activity
and sedentary behaviour at each step of treatment,

- exploration of barriers to program uptake,
- conditions of the return to work,

- exploration of changes in cancer treatment.

2.4 Study Procedures and

Participant Timeline

An overview of the study assessments and procedures is
presented in Table 1.

Four visits are follow-up appointments for each enrolled
patients: inclusion [before the beginning of neoadjuvant
chemotherapy (NACT)], at the end of NACT, at the beginning
and at the end of HER2-targeted therapy. The study layout is
presented in Figure 1.

2.5 Measures at Each of the Four
Assessments

2.5.1 Physical Activity and Sedentariness

The assessment of physical activity and sedentariness will be
performed using the modified RPAQ. This questionnaire covers
four areas of activity: domestic activities, leisure activities,
professional activities, and modes of travel. This questionnaire
provides information on the time spent on different activities
in each of the four areas mentioned above. Specific energy
expenditure is associated with each physical activity, which
makes it possible to estimate the overall energy expenditure
of patients using Ainsworth compendium (37). It also provides
information on the time spent sedentary (work, leisure, travel).

2.5.2 Measurement of Muscle Strength and

Muscular Endurance

An isokinetic dynamometer will be used to measure the
maximum knee extension torque. Subjects will perform the
movement with their non-dominant leg (which will be
determined as the leg not used to kick a ball). Measurements
will be made at different speeds (30, 60 and 120°/s). For each
speed, two trials of 3 successive repetitions will be performed and
the best performance will be kept as the maximum isokinetic
torque at a given speed. The subjects will have 2 minutes of rest
between each trial. Finally, the maximum isometric knee
extension torque will be measured at a 120° angle. Subjects will
perform a maximal contraction over 5 seconds or until the
isometric torque trace peaks. Subjects will be given 3 trials and
3 minutes of rest between each trial. The best trial will be
considered the maximum isometric knee extension torque.

For the upper limbs, muscular strength will be measured with
both right and left arm using a dynamometer (hand grip Takei
TK 200). Measures will be repeated three times and the best score
for each side is retained.

To measure muscular endurance of the lower limbs, the
objective for the patient is to maintain a level of force
corresponding to 75% of her maximum voluntary force for as
long as possible.
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TABLE 1 | Study timeline.

Inclusion

(before NACT) during NACT

Standard evaluation

End of NACT +/-
trastuzumab

Last administration of
adjuvant trastuzumab

First administration of
adjuvant trastuzumab

APA intervention

Consent

Clinical examination

Previous and ongoing treatments
Toxicities assessment

Follow-up of cancer treatment
(adaptation, delay, termination)
Anthropometric measures

Physical capacities evaluation
Measurement of cardiorespiratory
aerobic capacity

Measurement of muscle strength and
muscular endurance

Physical activity and sedentarity
(modified RPAQ)

QLQ-C30 and MFI20 questionnaire
Lipid test

Cardiac ultrasound

AN NN
NSNS S

AN

4 v v
v v v
v 4 4
4 v v
4 4 v

v
v v 4
v v v
v 4 v
v v v/
v 4 v

APA, Adapted physical activity.

NACT, Neoadjuvant chemotherapy.

RPAQ, Recent Physical Activity Questionnaire.
QLQ-C30, Quality of Life Questionnaire - Core 30.
MFI-20, Mutidimensional Fatigue Inventory.

2.5.3 Measurement of Cardiorespiratory Aerobic
Capacity
This measure is not mandatory for all patients in order not to
delay the beginning of treatment (not related to primary
objective) and is expected to be performed twice during
participation in the study: at baseline and at the end of the study.
The subjects performed a progressive cycling test on an
electromagnetically braked cycle ergometer (Ergoline, Bitz,
Germany) until volitional exhaustion to determine the maximal
values of ventilation (VEmax), oxygen uptake (VO2max), carbon
dioxide output and respiratory exchange ratio (RERmax) by direct
method (Oxycon Pro, JAEGER, Germany). VO2 and VCO2 were
measured breath-by-breath through a mask connected to O2 and

CO analysers (Oxycon Pro-Delta, Jaeger, Hoechberg, Germany).
Calibration of gases analysers was performed with commercial
gases of known concentration. Ventilatory parameters were
averaged every 30 s. Electrocardiogram and heart rate (HR) were
measured continuously using 10 precordial electrodes. The first
stage of the test lasted 3 min, and the initial power output was 35
W. Power output was then increased by 20 W every 2 min 30 s.
Pedaling rate was maintained at 60 revolutions per minute. Criteria
for the achievement of VO2max were subjective exhaustion the
participants’ maximal HR (HRmax) was closed to their age-
predicted maximum HR (ie., 220-age + 10 beats.min-1) and/or
Respiratory Exchange ratio (RER, VCO2/VO2) above 1.02 and/or
a plateau of VO2.

Neoadjuvant chemotherapy
"[
|

Taxane-basedCT | _
+ trastuzumab

Anthracycline * Surge’y

-based CT *Radiotherapy

Physical activity
program

planned during the study.

|

Adjuvant trastuzumab

FIGURE 1 | Design of the APACAN2 study. The APA program take place from the beginning to the end of neo-adjuvant chemotherapy. Four follow-up visits are
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2.5.4 6-Minute Walking Test

The test will be run twice in order to reduce the “first time” effect.
This test measures the distance a patient can walk in six minutes
and thus allows the evaluation of the global and integrated
responses of all systems involved during exercise and is
considered a proxy for cardiorespiratory capacity. A score is
obtained in meters. This test will be performed following the
guidelines of the American Thoracic Society (38)and has been
tested and validated in the past (39).

2.5.5 Self-Administered Questionnaires

The QLQ-C30 (Quality of Life Questionnaire-Core 30) and the
MFI20 (Multidimensional Fatigue Inventory) will enable us to
evaluate respectively the patient’s quality of life (QoL) and
fatigue during the study.

2.5.6 Anthropometric Measures
Weight will be measured to within + 0.1 kg on the same scales.
The body mass index will be calculated from this data.
Waist circumference will be measured with a tape measure.
Pulse, blood pressure and temperature will be measured by a
nurse at the investigating centre.

2.5.7 Lipid Test

A lipid assessment will be performed at inclusion, at the end of
neoadjuvant chemotherapy and on the day of the first and last
administration of anti-HER2 therapy. This assessment will
include the determination of total cholesterol, HDL cholesterol,
LDL cholesterol and triglycerides. These parameters give an
indication of possible cardiovascular risk factors. It will require
the collection of 5 ml of blood.

2.5.8 Cardiac Ultrasound

A cardiac ultrasound scan will be performed at each of the four
appointments. The ventricular ejection fraction results will be
evaluated by a cardiologist and compared in order to assess the
effect of the APA program on the impact of treatments on
cardiac capacity. The cardiac ultrasound is an essential
measure for management of cardiovascular function. The same
method will be used for each of the assessments for each patient.

TABLE 2 | Selection criteria.

2.6 Selection Criteria

The inclusion and non-inclusion criteria are presented in
Table 2. Patients will be eligible for the study if they have
HER2-positive breast cancer with an indication for treatment
with neoadjuvant chemotherapy (anthracycline-based) and
targeted therapy. They will be ineligible if they have a
contraindication for physical activity, a metastatic cancer or a
Karnofsky index < 90%

2.7 Description of the APA Intervention

The intervention takes place during the neoadjuvant
chemotherapy period, ie. lasting about 18 weeks. The APA
program is composed of aerobic exercises and muscle
strengthening. An exercise booklet will explain to the patients
the different exercises to perform.

Before the beginning of the program, the medical-sports
educator (MSE) will demonstrate every exercise of the booklet
to the patients. Thereafter patients will perform the program at
home. The MSE will call each patient every week to review the
program progress and increase or decrease the intensity of
exercise according to the patient’s experiences.

The aerobic exercises consist in walking on at least five days a
week. The duration of walking sessions should increase every
week to reach 30 minutes walking per day.

Three times a week, the patients are to perform muscle
strengthening with at least 4 different exercises, to mobilize the
lower and upper limbs, among those proposed in the booklet. For
each of them, the patient are to perform 3 sets of 8 to 12
repetitions with 1 minute of rest between each set.

Patients are asked note all the exercise sessions they do. They
should also mention any other physical activity week by week,
such as hiking, gardening or cleaning.

2.8 Statistical Analysis
The analysis will be done by the biostatistician of clinical
research department in Jean PERRIN Center.

2.8.1 Sample Size
Our hypothesis is that at least 65% of the patients will have reached
the physical activity recommendations at the neoadjuvant

Inclusion criteria - Woman 18 years old and older

- Patient with HER2-positive breast cancer, histologically confirmed, eligible to a neoadjuvant chemotherapy and an anti-HER2 target therapy

- Covered by social security system
- Signed informed consent

- Certificate of non-contraindication to the practice of physical activity

Non-inclusion criteria
- Metastatic cancer
- Karnofsky index < 90%
- Men
- Pregnant women
- Patient with psychiatric or cognitive disorders

- History of cancer in the last five years except basocellular

- Patient deprived of liberty by judicial or administrative decision

- Contraindication to the practice of physical activity

- Insufficient knowledge or understanding of the French language to fill in self-questionnaires correctly or to answer an interrogation
- Participation to another clinical study with a similar objective
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post-chemotherapy evaluation. A total of 70 patients is required to
have an accuracy of £ 10% with a 95% confidence interval (CI).
Given this CI, the trial will be considered positive if more than 75%
of our population complies with the international recommendations.

2.8.2 Data Analysis

2.8.2.1 Primary Analysis

The primary endpoint will be the percentage of individuals with
physical activity after neoadjuvant chemotherapy, as assessed by
the RPAQ with 150 minutes or more per week of moderate
intensity or 75 minutes or more of vigorous intensity endurance
activity or an equivalent combination of moderate to vigorous
activity per week. The 95% confidence interval of this percentage
will be calculated using Pearson’s approximation. If this
confidence interval is greater than 65%, the intervention will
be considered effective. Its feasibility will then be demonstrated.
If it only reaches 65% but is greater than 50%, the intervention
will be considered “questionable” and below this, its effectiveness
will be considered nil.

2.8.2.2 Secondary Analysis

To assess the impact of the APA program, a comparative analysis
of these before/after changes will be carried out on physical
activity (MET-h/week), sedentariness (minutes), QoL (overall
score, sub scores), fatigue, weight, physical capacities
(endurance, muscular strength, flexibility), lipid balance, and
cardiac function. The following common tests will be used:
paired Student’s t-test, Mann-Whitney U-test, and Chi® for
paired series for qualitative criteria. We will also evaluate the
impact of levels of physical activity and compliance with
recommendations on these parameters using the following tests:
ANOVA, Pearson’s correlation or Spearman rank tests depending
on whether the distributions are Gaussian and homoscedastic.

The effect of the physical activity levels on compliance to the
program will be tested by correlations. The Hryniuk score will be
used to explore the treatment changes occurring.

Concerning the resumption of professional activity, a survival
curve for time to recovery will be calculated.

Concerning the analysis of the longitudinal evolution of
physical activity and time spent in sedentary behaviour, a
mixed-model ANOVA will be used.

The evaluation of barriers to physical activity adherence will
be carried out using the following tests: ANOVA, Pearson’s
correlation or Spearman’s rank tests depending on whether the
distributions are Gaussian and homoscedastic. A logistic
regression will test the respective influence of the different
factors on whether or not the recommendations are met.

The secondary endpoints will be compared to control data from the
Jean Perrin Centre or with data from the literature whenever possible.

The standard significance level (p < 0.05) will be used for
these analyses. As this trial is exploratory, no correction for
multiple comparisons will be made.

2.9 Data Management And Monitoring

The data collected for the trial will be entered on an electronic case
report form (eCRF) (EnnovClinical). The people with access to the
data will be the investigators, the clinical research associates, the

project leader and the biostatistician. They are authorized
professionals and are subject to professional secrecy. The
investigator will ensure the accuracy, completeness, and reliability
of the data recorded (pseudonymized patient data) and the
provision of answers to data queries.

Regular monitoring will be carried out by a clinical research
associate mandated by the sponsor. The objectives will be to ensure
the correct conduct of the study in each centre, the collection and
recording of data generated in writing, its documentation, recording
and reporting, in accordance with the legislative and regulatory
provisions in force. Monitoring reports will ensure traceability.

2.10 Trial Status

The APACAN? trial is currently recruiting. Participant recruitment
began in April 2018 and is expected to finish in December 2022.
The approved protocol is version 8, dated 24/02/2021.

3 DISCUSSION

The APACAN?2 trial aims to assess the feasibility of a home-
based adapted physical activity program during neoadjuvant
chemotherapy for HER2-positive breast cancer. In to this
intervention, we aim to encourage physical activity from the
beginning of the treatment by proposing a physical activity
program at home and without time constraints. In addition,
we focus on a population that can draw particular benefit from
the practice of physical activity because of the treatment-induced
cardiotoxity to which HER2-positive patients are exposed.

The current standard care to monitor cardiotoxicity is left
ventricular ejection fraction (LVEF) monitoring (40-42).
However, this method has some limits, as it lacks sensitivity, and
does not enable early detection of cardiotoxicity. New techniques
are currently developing, such as the titration of troponin in the
blood. This biomarker is recognized as predictive of cardiotoxicity
occurrence during treatment by the Food and Drug Administration
and in several studies because it precedes decreases in LVEF (43—
46). It would be interesting to follow levels of biomarkers such as
troponin for the patients participating in the study.

We have chosen not to use a randomized design because it is a
feasibility study and it was important that as many patients as
possible should benefit from the intervention. According to the
APACAN?2 results, we could subsequently propose a randomized
study. Another limit of our study is that the anthropometric
measures and lipid test are done when the patient come for her
consultation so they are not always fasting.

The strength of our study is that the physical activity program is
proposed at the beginning of the treatment, as recommended. In the
literature, the majority of studies deploy the physical activity program
in the course of adjuvant chemotherapy or later. There is little data
about physical activity and sedentariness during neoadjuvant
chemotherapy for breast cancer. Furthermore, the home-based
concept makes it possible to take geographical and temporal
constraints into account. Indeed, patients are free to organise their
sessions as they wish without complying with a specific imposed
calendar, and they are not obliged to travel to a given place to train.
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Background: Cancer treatment-induced bone loss (CTIBL) is a frequent complication of
breast cancer therapies affecting both disability and health-related quality of life (HRQoL).
To date, there is still a lack of consensus about the most effective approach that would
improve bone health and HRQoL. Therefore, the aim of this systematic review of
randomized controlled trials (RCTs) was to summarize the evidence on the effects of
antiresorptive drugs on CTIBL in patients with early breast cancer.

Methods: PubMed, Scopus, and Web of Science databases were systematically
searched up to April 30, 2021 to identify RCTs satisfying the following PICO model: P)
Participants: postmenopausal women with early breast cancer receiving adjuvant
aromatase inhibitors (Al), age >18 years; I) Intervention: antiresorptive drugs (i.e.
bisphosphonates and/or denosumab); C) Comparator: any comparator; O) Outcome:
bone mineral density (BMD) modifications. Moreover, a quality assessment was
performed according to the Jadad scale.

Results: Out of the initial 2415 records, 21 papers (15 studies) were included in the data
synthesis. According to the Jadad scale, 6 studies obtained a score of 5, 1 study obtained
a score of 4, 13 studies obtained a score of 3, and 1 study with score 1. Although both
bisphosphonates and denosumab showed to increase BMD, only denosumab showed
significant advantages on fractures.
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Conclusions: Bone health management in patients with early breast cancer receiving
adjuvant Als remains challenging, and the optimal therapeutic approach is not
standardized. Further studies are needed to investigate CTIBL, focusing on both the
need for antiresorptive drugs and their duration based on individual patients’

characteristics.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero, identifier

CRD42021267107.

Keywords: breast cancer, early breast cancer, bone health, quality of life, osteoporosis, rehabilitation

INTRODUCTION

Breast cancer (BC) is the most prevalent malignancy in women
worldwide, with incidence increasing in last decades (1).
Oppositely, mortality from BC decreased in last years, due to
the significant advancements in screening programs and
therapeutical interventions (2). In response to the progressive
increase of women living after a diagnosis of BC, survivorship
issues related to cancer treatment and its impact on bone health
and health-related quality of life (HRQoL) have progressively
emerged (3-9).

Cancer treatment-induced bone loss (CTIBL) is a frequent side
effect of the pharmacotherapy used for treating BC. While
chemotherapy might lead to an unspecific increase in bone
resorption, hormone therapies (HT) reduce residual serum
endogenous estrogen levels, with a consequent decrease in bone
mineral density (BMD) and an increase in fragility fracture risk
(10-17). To date, aromatase inhibitors (AI) are considered the
gold standard adjuvant therapy for postmenopausal women with
hormone receptor (HR)-positive early BC (EBC) (18, 19). In such
patients, a significant decrease in bone density has been observed
(20, 21). To counter bone loss induced by Als in BC patients,
several anti-resorptive molecules have been investigated (22, 23).
The ZO-FAST study supported the efficacy of zoledronic acid in
increasing BMD in postmenopausal women receiving adjuvant
Als (24). In addition, the ABCSG-12 trial showed that zoledronic
acid along with endocrine therapy could also increase disease-free
survival (DFS) in premenopausal women with EBC (25). In 2015,
the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
published a meta-analysis of individual patient data investigating
bisphosphonates (BPs) in the adjuvant setting of EBC, including
data from 18,766 women in 26 trials. All tumor subtypes and
adjuvant treatments were considered. Use of BPs reduced both
bone recurrence (rate ratio [RR] 0.83; p=0.004) and bone fractures
(RR: 0.85; p=0.02), with a significant impact also on distant
recurrence (RR 0.92; p=0.03) and BC mortality (RR 0.91;
p=0.04). Notably, the subgroup analysis showed how the added
value of bisphosphonate is limited in premenopausal patients,
while postmenopausal patients derived a greater benefit in
all outcomes.

Denosumab, a fully human IgG2 monoclonal antibody, has
been proposed to treat CTIBL in BC patients undergoing HT not
only by improving BMD but also by reducing the rate of clinical
fragility fractures (both hip and vertebrae) (12, 26, 27).

Although the long-term management of bone health in BC
patients through the combination of different pharmacological
therapies is gaining interest, most studies conducted to date have
only assessed the effects of a single drug in terms of BMD
improvement or fracture risk reduction (28-30). Thus, the gap
of knowledge about tailored and effective bone health
interventions is far from being understood.

Therefore, this systematic review aims to summarize the
current evidence on the efficacy of anti-resorptive agents and
their impact on bone health and HRQoL in post-menopausal
patients with EBC receiving adjuvant Als.

MATERIALS AND METHODS
Study Registration

This systematic review of randomized controlled trials (RCT's)
has been performed ethically in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement (31). The PRISMA ChecKklist is provided
as Supplementary Material. A protocol was developed before
study initiation and submitted to PROSPERO (https://www.crd.
york.ac.uk/prospero; registration number CRD42021267107).

Search Strategy

We systematically searched PubMed/Medline, Scopus, and Web
of Science for RCTs published up to April 30, 2021. Two
investigators independently searched the databases. The search
strategy is reported in Table 1.

Selection Criteria
In accordance with the PICO model (32), we considered eligible
RCTs satisfying the following criteria:

1. P) Participants: postmenopausal women with early BC
receiving adjuvant Al, age >18 years;
2. I) Intervention: antiresorptive drugs (i.e. BPs and/or
denosumab);
. C) Comparator: any comparator;
4. O) Outcome: BMD modifications.

w

Only RCTs published in International journals in English
language were included. The exclusion criteria were: i) studies
involving animals; ii) language other than English; iii)
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TABLE 1 | Search strategy.

PubMed

((Breast cancer[Title/Abstract]) OR Breast cancer [MeSH Terms]) OR ((aromatase inhibitors [Title/Abstract]) OR aromatase inhibitors [MeSH Terms]) AND (((((osteoporosis
[Title/Abstract]) OR bisphosphonate[Title/Abstract]) OR zoledronic acid[Title/Abstract]) OR Denosumab([Title/Abstract]) OR ((((osteoporosis [Title/Abstract]) OR
bisphosphonate[MeSH Terms]) OR zoledronic acid[MeSH Terms]) OR Denosumab [MeSH Terms])) AND (((((fracture [Title/Abstract]) OR bone mineral density [Title/
Abstract]) OR pain [Title/Abstract]) OR HRQoL [Title/Abstract]) OR ((((fracture [MeSH Terms]) OR bone mineral density [MeSH Terms]) OR pain [MeSH Terms]) OR

HRQoL [MeSH Terms]))
Scopus

TITLE-ABS-KEY (breast cancer AND aromatase inhibitors AND (osteoporosis OR bisphosphonate OR zoledronic acid OR Denosumab) AND (fracture OR bone mineral

density OR pain OR HRQoL)
Web of Science

(breast cancer AND aromatase inhibitors AND (osteoporosis OR bisphosphonate OR zoledronic acid OR Denosumab) AND (fracture OR bone mineral density OR pain

OR HRQoL)

participants with pregnancy; iv) cancer different of BC; v) studies
involving patients with metastatic BC; vi) conference abstracts.

After duplication removal, two investigators independently
reviewed the title and abstracts of retrieved articles to choose
relevant articles. A third reviewer was asked in case
of disagreement.

Data Extraction and Synthesis

Data were assessed and extracted from full-text documents by
two independent reviewers (AdS and LL). Any disagreement was
solved by discussion or consulting a third reviewer (MI).

The following data were extracted: 1) title and trial name; 2)
authors; 3) publication year; 4) number of patients included; 5)
intervention characteristics; 6) comparator arm(s); 7) bone-
health related outcomes; 8) follow-up.

A descriptive approach was used to synthesize both study
characteristics and data extracted. Subgroup analysis has been
performed based on the specific drug assessed in the
studies included.

Study Quality and Risk of Bias

Study quality was assessed according to the Jadad scale by two
reviewers independently (33). In case of disagreement, a third
reviewer was involved in the decisional process to achieve
consensus. The clinical trials with a Jadad score between 3 and
5 points were considered as high-quality studies.

RESULTS

Main Characteristics of the

Included Studies

A total of 2416 records were identified from the search process
(PubMed/Medline: 1703 records; Web of Science: 463 records;
Scopus: 250 records) and 22 records were identified by reference
lists of primary studies. After duplication removal, 1992 records
were screened for title and abstract. Therefore, 1857 records were
excluded, and 135 full-text studies were screened. One hundred
and seventeen records were excluded for not satisfying the
eligibility criteria. Finally, the following 21 papers (15 RCTs)
were included in the present systematic review: Livi (2019) (29),
Gnant (2015) (34), Gnant (2019) (35), Hines (2009) (36),
Wagner-Johnston (2015) (37), Greenspan (2015) (38),

Coleman (2013) (39), Rhee (2013) (40), Lester (2008) (41),
Lester (2012) (42), Takahashi (2012) (43), Llombart (2012)
(44), Van Poznak (2010) (45), Markopoulos (2010) (46),
Eidtmann (2010) (47), Brufsky (2009) (48), Ellis (2008) (49),
Bundred (2008) (24), Brufsky (2008) (50), Brufsky (2012) (51),
Safra (2011) (52). Further details on the identification and
inclusion/exclusion of the screened studies are reported
in Figure 1.

Main characteristics of the 15 clinical trials (21 papers) included
(24, 29, 34, 35, 39-44, 46-52) are summarized in Table 2. These
RCTs were published between 2008 (24, 41, 49, 50) and 2019
(29, 35). Most of them (7; 46.7%) were International collaborations
(24, 34, 35, 39, 44, 45, 47-51), whereas 3 studies were carried out in
Europe (1 in the United Kingdom (41, 42), 1 in Italy (35), 1 in
Greece (46)), 3 in Asia (1 in Japan (43), 1 in Korea (40), 1 in Israel
(52)) and 2 in the USA (36-38).

Number of patients included ranged from 50 (41) to 3420
(34, 35) subjects. Seven RCTSs (24, 36, 37, 39, 43, 44, 47, 48, 50-
52) assessed participants who were treated with letrozole, 3 RCTs
(41, 42, 45, 46) enrolled patients receiving anastrozole, one RCT
(40) included patients treated with anastrozole or letrozole, and
in 4 RCTs (29, 34, 35, 38, 49) patients were treated with
anastrozole, letrozole, or exemestane.

BC patients received denosumab in 2 studies (26, 34, 35),
zoledronic acid in 7 studies (24, 36, 37, 39, 43, 44, 47, 48, 50-52),
risedronate in 3 studies (38, 45, 46), ibandronate in 2 studies
(29, 41, 42), and alendronate in only one study (40). The
comparator arm consisted in no treatment in two studies (46,
52), delayed treatment in 6 studies (24, 36, 37, 39-44, 47, 48, 50—
52), and placebo in 7 studies (29, 34, 35, 38, 45, 49).

Alendronate

From the studies included in this systematic review, only one
assessed oral alendronate 5 mg in addition to calcitriol 0.5 ug
daily in patients with EBC receiving adjuvant anastrozole or
letrozole (40). The study showed significant differences between
alendronate and placebo groups in terms of lumbar BMD (-0.5 +
0.6% vs -3.5 + 0.6%; p=0.05) at 24 weeks, whereas non-significant
improvements were observed in hip BMD (-0.5 + 0.4% vs -1.3 +
0.5%; p>0.05). Diverse expression levels were only found in sCTx
(72.4%; p<0.05), whereas osteocalcin (OCN) did not show
significant differences between groups (29.0%; p>0.05) (as
shown by Table 3).
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FIGURE 1 | PRISMA flow diagram.

Denosumab

Three papers (2 studies) compared six-monthly denosumab 60
mg with placebo, reporting benefits in terms of fracture risk
reduction or BMD improvement (34, 35, 49).

Gnant et al,, in a collaborative study including 3420 patients,
observed consistent differences in fracture incidence between
patients treated with denosumab (5%) vs. untreated (9.6%) (34).
Moreover, a significant difference in terms of time-to-first
clinical fracture, the study primary endpoint, was observed

between the two groups (HR 0.5, 95% CI 0.39-0.65, p<0.0001).
Oppositely, the study by Ellis and colleagues (49) did not find
major differences for fracture outcomes: no vertebral fractures
were observed in both groups, the incidence of nonvertebral
fractures was 6% in both arms, major nonvertebral fractures were
observed in 3 women receiving denosumab (2%) and 5 women
receiving placebo (4%).

Intriguingly, the two studies revealed significant differences
between groups in terms of BMD. More in detail, Ellis et al. (49)
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TABLE 2 | Main characteristics of the articles included in the present systematic review.

Authors Journal Publication
year

Nationality Population

Age Hormonal
(vears) therapy

Intervention

Comparator Outcomes

Follow-
up

Alendronate

Rhee et al. (40)  Endocr J 2013

Korea

n: 98
IG: 49
CG: 49

IG: Anastrozole
57.1 + orletrozole
1.0

CG:

58.5 +

1.1

Alendronate 5
mg + calcitriol
0.5 pg daily

Placebo - LS BMD
- TH BMD
- Bone
turnover
biomarkers
- safety

24
weeks

Denosumab

Ellis et al. (49) J Clin Oncol. 2008
(NCT00089661)

Gnant et al. The Lancet 2015
(34)
(ABCSG-18)

Gnant et al. Lancet Oncol. 2019
(35)
(ABCSG-18)

International
Collaboration

International
Collaboration

International
Collaboration

n: 252
IG: 127
CG: 125

n: 3420
IG: 1711
CG: 1709

n: 3420
IG: 1711
CG: 1709

IG: Anastrozole,
59.2 + letrozole, or
8.9 exemestane
CG:

59.7 +

9.7

64 (38  Anastrozole,
-91) letrozole, or
exemestane

64 (38  Anastrozole,
-91) letrozole, or
exemestane

Denosumab 60
mg sc every 6
months

Denosumab 60
mg sc every 6
months

Denosumab 60
mg sc every 6
months

Placebo - LS BMD
- TH BMD
- FN BMD
- Radius
BMD
- Bone
turnover
biomarkers
- Vertebral
and
nonvertebral
fractures
- Safety
- Overall
survival

Placebo - Time to
first
fracture
- Vertebral
and
nonvertebral
fractures
- LS BMD
- TH BMD
- FN BMD
- Disease-
free survival
- Bone-
metastasis
free survival
- Overall
survival

Placebo - Time to
first
fracture
- Vertebral
and
nonvertebral
fractures
- LS BMD
- TH BMD
- FN BMD
- Disease-
free survival
- Bone-
metastasis
free survival
- Overall
survival

24
months

36
months

96
months

Ibandronate

Lester et al. Clinical 2008
(41) Cancer
(ARIBON) Research

UK

n: 50
IG: 25
CG: 25

IG: Anastrozole
67.8
(58.9-

Ibandronate 150
mg every month

Placebo -LS BMD
- TH BMD
- Bone

24
months

(Continued)
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TABLE 2 | Continued

Authors Journal Publication Nationality Population Age Hormonal Intervention Comparator Outcomes Follow-
year (years) therapy up
73.4) turnover
CG: biomarkers
67.5 - Safety
(63.6-
71.0)
Lester et al. Journal of 2012 UK n: 50 IG: Anastrozole  Ibandronate 150 Ibandronate 150 mg - LS BMD 60
(42) Bone IG: 25 67.8 mg every month  every month started - TH BMD months
(ARIBON) Oncology CG: 25 (58.9- for 24 months after 24 months
73.4)
CG:
67.5
(63.6-
71.0)
Livi et al. (29) European 2019 Italy n: 144 IG: Anastrozole, Ibandronate 150 Placebo -LS BMD 24
(BONADIUV) Journal of IG: 89 60.5 letrozole, or  mg every month - TH BMD months
Cancer CG: 82 (54.3-  exemestane - Safety
67.0) - Disease
CG: recurrence
59.6 - Overall
(63.9- survival
68.0)
Risedronate
Greenspan Osteoporosis 2015 USA n: 109 IG: 65 Anastrozole, Risedronate 35  Placebo - LS BMD 24
et al. (38) International IG: 55 +1 letrozole, or  mg every week - TH BMD months
(NCT00485953) CG: 54 CG: 64 exemestane - FN BMD
+1 - TB BMD
- Bone
turnover
biomarkers
Markopoulos Breast 2010 Greece n: 70 IG: Anastrozole  Risedronate 35  No treatment - LS BMD 24
et al. (46) Cancer IG: 37 62.6 = mg every week - TH BMD months
(ARBI) Research CG: 33 8.5
CG:
64.5 +
9.2
Van Poznak Journal of 2010 International  n: 154 IG: Anastrozole  Risedronate 35  Placebo - LS BMD 24
et al. (45) Clinical Collaboration 1G: 77 63.8 mg every week - TH BMD months
(SABRE) Oncology CG: 77 CG: - Bone
64.8 turnover
biomarkers
Zoledronate
Brufsky et al. The 2008 International  n: 1667 IG: 58  Letrozole Immediate Delayed zoledronate - LS BMD 12
(52) Oncologist Collaboration 1G: 833 (35-87) zoledronate 4 4 mg iv every 6 - TH BMD months
CG: 834 CG: 59 mg iv every 6 months - Bone
(387-89) months turnover
biomarkers
- Disease
recurrence
- Safety
Brufsky et al. Clinical Breast 2009 International  n: 602 IG: Letrozole Immediate Delayed zoledronate - LS BMD 36
(48) Cancer Collaboration 1G: 301 61.5 + zoledronate 4 4 mg iv every 6 - TH BMD months
(Z-FAST) CG: 301 9.33 mg iv every 6 months - Bone
CG: 61 months turnover
+8.92 biomarkers
- Vertebral
and
nonvertebral
fractures
- Disease
recurrence
(Continued)
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TABLE 2 | Continued

Authors Journal Publication Nationality Population Age Hormonal Intervention Comparator Outcomes Follow-
year (years) therapy up
Brufsky et al. Cancer 2012 International  n: 602 IG: Letrozole Immediate Delayed zoledronate - LS BMD 60
(50) Collaboration 1G: 301 61.5 zoledronate 4 4 mg v every 6 - TH BMD months
(Z-FAST) CG: 301 9.33 mg iv every 6 months - Bone
CG: 61 months turnover
+8.92 biomarkers
- Vertebral
and
nonvertebral
fractures
- Disease
recurrence
Bundred et al. ~ Cancer 2008 International  n: 1065 IG: 57  Letrozole Immediate Delayed zoledronate - LS BMD 12
(24) Collaboration 1G: 532 (36-87) zoledronate 4 4 mg iv every 6 - TH BMD months
(ZO-FAST) CG: 533 CG: 58 mg iv every 6 months - Bone
(37-81) months turnover
biomarkers
- Safety
Eidtmann et al.  Ann Oncol. 2010 International  n: 1065 IG: 57  Letrozole Immediate Delayed zoledronate - LS BMD 36
(47) Collaboration 1G: 532 (36-87) zoledronate 4 4 mg iv every 6 - TH BMD months
(ZO-FAST) CG: 533 CG: 58 mg iv every 6 months - Vertebral
(87-81) months and
nonvertebral
fractures
- Disease
recurrence
- Overall
survival
- Safety
Coleman et al. ~ Ann Oncol. 2013 International  n: 1065 IG: 57  Letrozole Immediate Delayed zoledronate - LS BMD 60
(39) Collaboration 1G: 532 (36-87) zoledronate 4 4 mg ev every 6 - TH BMD months
(ZO-FAST) CG: 533 CG: 58 mg ev every 6 months - Vertebral
(387-81) months and
nonvertebral
fractures
- disease
recurrence
- overall
survival
- safety
Llombart et al.  Clinical Breast 2012 International  n: 522 IG: 58  Letrozole Immediate Delayed zoledronate - LS BMD 12
(44) Cancer Collaboration 1G: 252 (40-81) zoledronate 4 4 mg iv every 6 - TH BMD months
(E-ZO-FAST) CG: 270 CG: 58 mg iv every 6 months - Vertebral
(44-78) months and
nonvertebral
fractures
- disease
recurrence
- safety
Safra et al. (51)  Oncology 2011 Israel n: 86 IG: Letrozole Immediate No treatment - LS BMD 48
(NCT00376740) IG: 47 59.08  following zoledronate 4 - TH BMD months
CG: 39 +85  Tamoxifen mg iv every 6 - Vertebral
CG: months and
61.18 nonvertebral
+9.2 fractures
- Disease
recurrence
- Overall
survival
Takahashi et al. Breast 2012 Japan n: 194 IG: Letrozole Immediate Delayed zoledronate - LS BMD 12
(43) Cancer IG: 97 61.47 zoledronate 4 4 mg iv every 6 - TH BMD months
Research and CG: 97 +6.80 mg iv every 6 months - Bone
Treatment CG: months turnover
(Continued)
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TABLE 2 | Continued

Authors Journal Publication Nationality Population Age
year (years)
60.45
+ 6.56
Hines et al. (36) Breast 2009 USA n: 551 IG:
NO3CC Cancer Res IG: 274 59.2 +
(Alliance) trial) Treat. CG: 277 11.20
CG:
59.6 +
10.25
Wagner- Cancer 2015 USA n: 551 IG:
Johnston et al. IG: 274 59.2 +
37) CG: 277 11.20
(NoscC CG:
(Alliance) trial) 59.6 +
10.25

Follow-
up

Hormonal Intervention Outcomes

therapy

Comparator

biomarkers
- Vertebral
and
nonvertebral
fractures
-LS BMD

- TH BMD

- FN BMD

- Vertebral
and
nonvertebral
fractures

- toxicity
-LS BMD
- TH BMD

- FN BMD

- Vertebral
and
nonvertebral
fractures

- toxicity

24
months

Letrozole Upfront
zoledronate 4
mg iv every 6

months

Delayed zoledronate
4 mg v every 6
months

60
months

Letrozole Upfront
zoledronate 4
mg iv every 6

months

Delayed zoledronate
4 mg iv every 6
months

BMD, bone mineral density; CG, control group; FN, femoral neck; IG, intervention group; iv, intravenous; FN, femoral neck; LS, lumbar spine; sc, subcutaneous; TB, total body; TH, total

hip; UK, United Kingdom; USA, United States of America.
Primary outcomes of the study included were marked in bold.

reported significant differences between groups after 2 years of
treatment (12 months: 5.5%; p<0.0001; 24 months: 7.6%;
p<0.0001). On the other hand, hip BMD increased accordingly
in both TH site (12 months: p<0.0001; 24 months: 4.7%; p<0.0001)
and FN site (12 months: p<0.0001; 24 month: 3.6%; p<0.0001).
Similarly, Gnant et al. (34, 35) underlined a significant difference
between groups at 36 months (12 months: -1.81% vs +3.94%;
p<0.0001; 24 months: -2.44% vs +5.85%; p<0.0001; 36 months:
-2.75% vs +7.27%; p<0.0001). Hip BMD results were in line with
the previous results with a significant increase in the denosumab
group (12 months: -1.20% vs +2.67%; p<0.0001; 24 months: -2.5%
vs +3.70%; p<0.0001; 36 months: -3.32% vs +4.60%; p<0.0001).
Modifications in bone turnover were suggested by Ellis et al. (49),
reporting significant differences between groups in C-telopeptide I
(sCTx) and procollagen type I N-terminal peptide (PINP), two
markers of bone remodeling (1 month: CTX: -9% vs -91%;
p<0.0001; PINP: -2% vs -29%; p<0.0001). On the contrary, joint
pain, back pain, bone pain and fatigue showed no differences when
the two groups were compared. Outcomes are reported in detail
in Table 3.

Ibandronate

The effect of another anti-resorptive drug (i.e., ibandronate 150 mg
every month) was assessed in BC survivors receiving anastrozole
(41, 42) and anastrozole, letrozole, and exemestane (29). The study
of Lester et al. in 2008 assessed the effects of Ibandronate (150 mg
every month) for 24 months compared to placebo in osteopenic
patients (41). On the other hand, patients with normal BMD did
not receive any therapy while patients with osteoporosis received
Ibandronate 150 mg every month. Interestingly, no fractures were
recorded during the first 2 years (41). After 2 years, 3/20 patients

continued to receive BPs over the next 3 years, while 8 patients
received delayed ibandronate treatment. At 60 months, BMD
changes were reported without reporting significant differences
between groups (LS BMD: -2.88 vs 0.29%; p=NR; TH BMD: 1.18%
vs -3.71%; p=NR). On the other hand, the study conducted by
Lester et al. in 2012 recorded 4 fractures in the group that received
ibandronate for 2 years, while the group treated with ibandronate
after 2 years showed 3 fractures (42). In total, 10 fragility fractures
were recorded: 4 fractures in the group treated with ibandronate
for 2 years, 3 fractures in the placebo group treated with
ibandronate after 2 years, and further 3 fractures in the
osteoporotic group treated with ibandronate for 5 years.

Variations in lumbar and hip BMD were chosen as primary
outcomes in both the ARIBON (41, 42) and BONADIUV trials
(29). In both of them significant differences were found between
ibandronate and placebo treated patients at both lumbar BMD
and hip BMD after 12 and 24 months (29, 41). In particular,
Lester et al. (41, 42) reported significant differences between
groups in LS BMD (12 months: -3.19% vs +1.49%; p=0.012; 24
months: -3.22% vs +2.98%; p=0.002) and in TH BMD (12
months: -2.27 vs +0.98; p=0.001; 24 months: -3.90%
vs +0.60%; p=0.003). Accordingly, Livi et al. (29) reported
significant differences between groups (LS BMD 12 months:
-2.29% vs +2.96%; p=0.021; 24 months: -4.22% vs +6.09%;
p<0.0001; TH BMD: 12 months: -2.35% vs +3.11%; p<0.001;
24 months: -1.51% vs +4.64%; p=0.09).

Bone turnover biomarkers (sCTx, NTX, and bALP) were
assessed instead only in the ARIBON study, with significant
differences (NTX 12 months: +39.5% vs -30.9%; p<0.001; sCTx
12 months: +34.9% vs -26.3%; p<0.001; bALP 12 months: +37.0%
vs -22.8%; p<0.001) (41). Table 3 reported further details.
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TABLE 3 | Main results of the articles included in the present systematic review.

Study Fractures LS BMD TH BMD FN BMD Bone turnover Pain Fatigue Anxiety and Weakness Lymphedema
biomarkers Depression
Alendronate
Rhee et al. NR 24 weeks: -3.5 24 weeks: NR sCTx 24 weeks: NR NR NR NR NR
(40) +0.6% vs -0.5 -1.3 +0.5% vs 72.4%; p<0.05
+ 0.6%; -0.5 + 0.4%; OCN 24 weeks:
p=0.05 p=NS 29.0%; p=NS
Denosumab
Elis et al. (49) 4% vs 2% 12 months: 12 months: 12 months: 1 month: sCTx  Articular 14.2% NR NR NR
p=NR 5.5%; p<0.0001 p<0.0001 1 month: -9% pain: 25% vs  vs
p<0.0001 24 months: 24 month: vs -91%; 24%; p=NR  13.2%;
24 months: 4.7%; 3.6%; p<0.0001 Back pain: p=NR
7.6%; p<0.0001 p<0.0001 1 month: PINP  12.5% vs
p<0.0001 1 month: -2% 14%; p=NR
Vs -29%;
p<0.0001
Gnant et al. Incidence: 12 months: 12 months: 12 months: NR Articular 6% vs NR NR NR
(34) 9.6% vs -1.81% vs -1.20% vs -1.08% vs pain: 26% vs  6%;
5%; +3.94%; +2.67%; +2.22%; 26% p=NS p=NS
p=NR p<0.0001 p<0.0001 p<0.0001 Back pain:
Time to 24 months: 24 months: 24 months: 9% vs 9%
first -2.44% vs -2.5% vs -2.33% vs p=NS
fracture: +5.85%; +3.70%; +2.86%; Bone pain:
HR 0.5 p<0.0001 p<0.0001 p<0.0001 7% vs 8%
[95% ClI 36 months: 36 months: 36 months: p=NS
0.39- -2.75% vs -3.32% vs -3.10% vs
0.65], +7.27%; +4.60%; +3.41%;
p<0-:0001 p<0.0001 p<0.0001 1p<0.0001
Gnant et al. Incidence: 12 months: 12 months: 12 months: NR Articular 6% vs NR NR NR
(35) 9.6% vs -1.81% vs -1.20% vs -1.08% vs pain: 26% vs  6%;
5%; +3.94%; +2.67%; +2.22%; 26% p=NS  p=NS
p=NR p<0.0001 p<0.0001 1p<0.0001 Back pain:
Time to 24 months: 24 months: 24 months: 9% vs 9%
first -2.44% vs -2.5% vs -2.33% vs p=NS
fracture: +5.85%; +3.70%; +2.86%; Bone pain:
HR 0.5 p<0.0001 p<0.0001 p<0.0001 7% vs 8%
[95% CI 36 months: 36 months: 36 months: p=NS
0.39- -2.75% vs -3.32% vs -3.10% vs
0.65], +7.27%; +4.60%; +3.41%;
p<0-0001  p<0.0001 p<0.0001 p<0.0001
Ibandronate
Lester et al. No 12 months: 12 months: NR NTX 12 months: NR NR NR NR NR
(41) fractures -3.19% vs -2.27 vs +0.98; +39.5% vs
+1.49%; p=0.001 -30.9%;
p=0.012 24 months: p<0.001
24 months: -3.90% vs sCTx 12
-3.22% vs +0.60%; months:
+2.98%; p=0.003 +34.9% vs
p=0.002 -26.3%,;
p<0.001
bALP 12
months:
+37.0% vs
-22.8%,;
p<0.001
Lester et al. 3 vs 4; 60 months 60 months NR NR NR NR NR NR NR
(42) p=NR -2.88 vs 0.29%; 1.18% vs
p=NR -3.71%; p=NR
Livietal. (29) NR 12 months: 12 months: NR NR NR NR NR NR NR
-2.29% vs -2.35% vs
+2.96%; +3.11%;
p=0.021 p<0.001
(Continued)
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TABLE 3 | Continued

Study Fractures LS BMD TH BMD FN BMD Bone turnover Pain Fatigue Anxiety and Weakness Lymphedema
biomarkers Depression
24 months: 24 months:
-4.22% vs -1.51% vs
+6.09%; +4.64%;
p<0.0001 p=0.09
Risedronate
Greenspan NR 12 months: 12 months: 24 months: sCTx 12 NR NR NR NR NR
et al. (39) -1.2% vs +2%; -1.6% vs 2.6 +0.8%;  months: p<0.01
p<0.0001 +0.5%; p=0.0009 sCTx 24
24 months: p<0.0001 months: p<0.01
-1.7% vs 24 months: PINP 12
+2.3%; -2.7% vs months:
p<0.0001 +0.6%; p<0.0001
p<0.0001 P1NP 24
months:
p<0.0001
Markopoulos  No 12 months: 12 months: NR NR NR NR NR NR NR
et al. (46) fractures 0% vs -0.4%; -1.3% vs 0%;
p=NS p=NS
24 months: 24 months:
-1.5% vs -3.9% vs
+5.7%; +1.6%;
p=0.006 p=0.037
Van Poznak 5 (2.1%) 12 months: 12 months: NR sCTx 6 months:  Articular NR NR No NR
et al. (45) -1.2% vs -0.4% vs +8.2% vs pain: 7.8% weakness
+1.2%; +0.9%; -44.0%; Vs 5.2%;
p<0.0001 p=0.0023 p<0.0001 p=NR
24 months: 24 months: sCTx 12 Bone pain:
-1.8% vs -1.1% vs months: +6.1%  1.3% vs
+2.2%; +1.8%; vs -43.8%; 1.3%; p=NR
p<0.0001 p<0.0001 p<0.0001
PINP 6
months: -1.5%
vs -41.8%;
p<0.0001
PINP 12
months: -2.4%
Vs -44.3%;
p<0.0001
bALP 6 months:
+1.6% vs
-21.6%;
p<0.0001
bALP 6 months:
+3.9% vs
-22.7%;
p<0.0001
Zoledronate
Brufsky etal. 2.1% vs 12 months: 12 months: NR NTX: 33.3%-— Avrticular NR Depression:  NR NR
(52) 2.2%; 5.2%; 3.5%; 49%; p<0.0001  pain: 28.5% 6.7% vs
p=NR p<0.0001 p<0.0001 BSAP 30.3%-  vs 31.7%; 3.9%; p=NR
48.9%; p=NR
p<0.0001 Back pain:
6.2% vs
5.6%; p=NR
Bone pain:
5.9% vs
12.2%;
p=NR
(Continued)
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TABLE 3 | Continued

Study Fractures LS BMD TH BMD FN BMD Bone turnover Pain Fatigue Anxiety and Weakness Lymphedema
biomarkers Depression
Brufsky et al.  6.3% vs 12 months: 12 months: NR NTX: p=NS Articular 22.3%  Anxiety: 6% NR 5.7% vs 5.3%;
(48) 5.7% 4.3% p<0.0001 3.2% p<0.0001 BSAP: pain: 37% vs  vs 26%; Vs 4.7%; p=NS
p=NS 24 months: 6% 24 months: p=0.0045 36.3%; p=NS p=NS
p<0.0001 4.6% p<0.0001 p=NS Depression:
36 months: 36 months: Back pain: 11.7% vs
6.7% p<0.0001 5.3% p<0.0001 10.7% vs 8.7%; p=NS
9.3%; p=NS
Bone pain:
6.7% vs
13%; p=0.01
Brufsky et al.  9.3% vs 48 months: 48 months: NR NTX: p=NS Articular 33.7%  Depression:  NR 12.0% vs
(50) 11%; p<0.0001 p<0.0001 BSAP: pain: 47.0% vs 29.3; 11.7% vs 10.0%; p=NR
p=0.3803 61 months: 61 months: p=0.0002 vs 45.3%; p=NR 14.0%;
8.9% p<0.0001 6.7% p<0.0001 p=NR; p=NR
Back pain:
14.7% vs
17.3%;
p=NR
Bone pain:
16.0% vs
8.0%; p=NR
Myalgia:
20.3% vs
15.7%;
p=NR
Bundred 1.7% vs 12 months: 3.6%; NR BSAP 12 Articular 11.4%  Depression: NR NR
et al. (24) 1.5%; 5.7%; p<0.0001 months: 45.6%; pain: 29% vs Vs 5.3% vs
p=NR p<0.0001 p<0.0001 32.6%; 11.2%; 2.8%; p=NR
NTX: 33%; p=NR p=NR
p<0.0001 Back pain:
6.5% vs
5.7%; p=NR
Bone pain:
6.9% vs
12.3%;
p=NR
Eidtmann 6% vs 5% 12 months: NR NR NR Articular 156.1%  Depression:  NR 5.4% vs 6.5%;
etal. (47) p=NS 5.27% p<0.0001 pain: 40.7%  vs 16%; 6.5% vs p=NR
p<0.0001 Vs 42.2%; p=NR 4.8%; p=NR
24 months: p=NR
7.94% Back pain:
p<0.0001 11.4% vs
36 months: 10.5%;
9.29% p=NR
p<0.0001 Bone pain:
10.1% vs
15.3%;
p=NR
Coleman NR 60 months: 60 months: NR NR Articular 17.8% NR NR NR
et al. (39) -5.4% vs -4.2% vs pain: 46.9%  vs
+4.3%; +1.6%; vs 49% 17.7%,;
p<0.0001 p<0.0001 p=NR p=NR
Back pain:
15.1% vs
15% p=NR
Bone pain:
12.1% vs
18.5% p=NR
Llombart 1.9% vs 12 months: 12 months: NR NR Articular 18.5%  Anxiety: 7.8% vs 4.1% vs 5.6%;
et al. (44) 0.8%; 5.43%; 3.31%; pain: 38.9%  vs 5.2% vs 9.1%; p=NS
p=NR p<0.0001 p<0.0001 vs 37.7%; 16.1%; 3.6%; p=NS p=NS
p=NS p=NS Depression:
(Continued)
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TABLE 3 | Continued

Study Fractures LS BMD TH BMD FN BMD Bone turnover Pain Fatigue Anxiety and Weakness Lymphedema
biomarkers Depression
Back pain: 5.6% vs 2%;
7% vs 5.2%; p=NS
p=NS
Bone pain:
4.1% vs
8.3%; p=NS
p<0.05
Shoulder
pain: 5.9%
Vs 4%; p=NS
Safra et al. OvsO 24 months: 24 months: NR NR Articular 17% vs 4% vs 0%; NR NR
(51) p=NS 0.84; p<0.0001 0.96; p=0.0041 pain: 26% vs  8%; p=NR
48 months: 48 months: 21%; p=NR
0.76; p<0.0001 0.77; p=0.52 p=NR
Takahashi No 12 months: 12 months: NR NTX 6 months:  Articular 11,3% NR NR NR
et al. (43) fractures  4.9%; 4.4%; +21.8 vs -6.5%; pain: 48.5% vs 9.6%
p<0.0001 p<0.0001 p=NR vs 51.6% p=NS
NTX 12 months:  p=NS
+9.4% vs
-23.6%; p=NR
BSAP 6
months:
+14.9% vs
-33.6%; p=NR
BSAP 12
months:
+10.2% vs
-39.4%; p=NR
Hines et al. NR 12 months: 12 months: 12 months: NR 12 months: 12 NR NR NR
(36) 3.66% 1.02% vs 2.08% Back pain: months:
vs -1.66%; -1.41%; -0.09%,; 25% vs 5% vs
p<0.001 p<0.001 p<0.001 23%; p=0.67 2%;
24 months: 24 months: 24 months: Myalgia: 7%  p=
4.94% vs 1.22% vs 3.36% vs vs 5%; 0.038
-2.28%; -3.34%; 0.54%; p=0.53
p<0.001 p<0.001 p<0.001 Articular
pain; 13% vs
11%; p=0.59
Wagner- 25vs24; >5% BMD > 5% BMD differences in both  NR NR NR NR NR NR
Johnston p=0.84 differences: TH and FN BMD:
et al. (37) 10.2% vs 7.6% vs 45.8%; p<0.0001
41.2%;
p<0.0001

bALP, bone isoforms of alkaline phosphatase; BSAP, bone-specific alkaline phosphatase; CG, control group, C-telopeptide | (SCTx); FN, femoral neck; IG, intervention group; LS, lumbar
spine; NR, not reported; NS, not significant; NTx, N-telopeptide; OCN, osteocalcin; P1NP, procollagen type | N-terminal peptide; TH, total hip.

Primary outcomes of the study included were marked in bold.

Risedronate
The effects of risedronate 35 mg weekly in BC patients treated
with anastrozole or letrozole, or exemestane were assessed in
three studies (38, 45, 46). No fragility fractures were reported by
Markoupolos et al. (46). In the study by Von Poznak et al., four
patients in the control arm had fractures versus none in the
risedronate arm (45). Lumbar BMD, a primary outcome in all
these studies, was significantly increased in all trials after 24
months of treatment with risedronate (38, 45, 46). Similarly,
significant differences were reported in hip BMD (38, 45, 46).
When bone turnover biomarkers were evaluated, significant
differences between the risedronate and placebo groups were

seen in the expression of isoforms of alkaline phosphatase
(bALP), sCTx, N-telopeptide (NTX), and PINP (38, 45). Joint
pain was reported only by Van Poznak et al. only (45), without
significant differences between groups (see Table 3 for
further details).

Zoledronate

Seven studies (24, 36, 37, 39, 43, 44, 47, 48, 50-52) assessed the
effects of endovenous administration of zoledronate 4 mg
every 6 months in BC women treated with adjuvant
letrozole. Of note, the study of Wagner-Johnston et al.
evaluated EBC patients starting letrozole after completing
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tamoxifen treatment (37). Six studies (24, 36, 37, 39, 43, 44, 47,
48, 50, 51) compared the bone protection effect of immediate-
start to delayed-start of zoledronic acid administration.
On the other hand, Safra et al. (52) compared zoledronic
acid administration with a control group not receiving
any treatment.

In the delayed arm, zoledronic acid was initiated when BMD
decreased to less than -2.0 or when a fragility fracture occurred.
Although no differences were detected between the randomized
groups regarding fracture incidence, significant effects in terms
of both lumbar, the primary endpoint, and hip BMD increase
were reported in the early administration group after 12, 24, 36,
and 60 months (24, 36, 37, 39, 43, 44, 47, 48, 50, 51) (see Table 3
for further details).

Bone turnover biomarkers were assessed in three studies,
showing positive modifications in the early zoledronate group
(24, 43, 48, 50, 51). Only one study did not record significant
differences in sCTx concentrations after 36 months (48).
Differences in terms of musculoskeletal pain, fatigue, anxiety,
depression, weakness, and lymphedema were non-significant or
not reported. Table 3 summarizes the main results of these studies.

Study Quality

Out of 21 studies included in this analysis, 20 of them (24, 29,
34-44, 47-52) were classified as high quality according to the
Jadad scale (53). In particular, 6 papers (28.6%) (34, 35, 38, 40,
45, 49) obtained a score of 5, 1 paper (4.8%) (29) obtained score
4, 13 papers (61.9%) (24, 36, 37, 39, 41-44, 47-52) obtained a
score of 3 and 1 paper (4.8%) (46) obtained a score of 1 (further
details are depicted in Table 4).

DISCUSSION

Als are considered the standard adjuvant therapy in
postmenopausal women with early HR-positive BC (18, 19).
However, the detrimental effect of Als on bone health might
significantly increase the risk of fractures, with negative
consequences in terms of HRQoL and disability (54-56).
Therefore, the implementation of tailored and effective
interventions to reduce bone-related adverse events and
preserve bone health is a crucial challenge in the complex
management of patients with EBC receiving Als. Thus, the
present systematic review was aimed at summarizing the state
of the art about bone-modifying agents to counteract Ais-
induced bone loss, to provide data to guide the future research
and clinical management of BC survivors.

Our findings pointed out the consistent improvement in
BMD after 3 years of denosumab administration (34). Thus,
denosumab could be considered among the most effective
therapy to improve BMD and reduce fracture risk in EBC
patients receiving Als. Similarly, three RCTs provided long-
term evidence (i.e., 5 years) about treatment with zoledronic
acid, showing significant results in terms of lumbar and hip
BMD improvement (37, 39, 51). Oral BPs also proved to be
effective in enhancing BMD, even if the evidence supporting

these drugs is weaker, given the smaller cohorts of patients,
shorter treatment periods and less consistent results compared
to those testing denosumab or zoledronic acid (29, 38, 40-42,
45, 46). Only the recent study from Livi et al. revealed a higher
percentage of lumbar BMD improvement in BC survivors that
were concomitantly treated with Als and oral ibandronate
compared with placebo (29). Yet, consistent data on the
effectiveness of oral BPs on bone health in this setting are
still lacking.

Interventions with anti-resorptive agents have also been
found to have a positive impact on DFS. In particular,
conflicting results were reported in the current literature with
the ABCSG-18 trial (35) that underlined promising benefits of
denosumab in DFS of post-menopausal early BC women
receiving adjuvant aromatase inhibitor therapy. On the other
hand, the D-CARE trial, which assessed the effects of denosumab
in high-stage BC patients, did not report improvements in bone
metastasis-free survival (57).

Similarly, controversial results were reported for BFs. In
particular, the GAIN study showed no DFS benefits for both
pre-menopausal and peri-menopausal BC patients who received
oral ibandronate in the adjuvant treatment (58).

In accordance, large prospective studies assessing BPs failed
to underline consistent effects on DFS endpoint in BC survivors
(39, 51, 59) while positive data were provided by the EBCTCG
meta-analysis reporting positive effects (RR for recurrence 0.86,
95% CI 0.78-0.94, p=0.002 in zoledronic acid arm) but
restricted to postmenopausal women only (60). Therefore, to
date, there is no consensus in terms of BPs prescription with the
aim to improve DFS considering the large heterogeneous and
discordant data.

On the other hand, a joint position statement of
interdisciplinary cancer and bone societies suggested that
adjuvant BPs should be considered in all postmenopausal
women at risk for BC recurrence (61). Similarly, the Cancer
Care Ontario and the American Society of Clinical Oncology
(ASCO) guidelines recommended to consider BP prescription
for all patients who are deemed at high enough risk of relapse
(62). However, the authors underline that the lack of evidence
did not allow a precise subgroups stratification for patients that
might have major benefits from BP prescription (62).

Besides the role of BPs in overall and disease-free survival is
still controversial, the cost-effectiveness of their routine use in
clinical practice is far from being understood (63).

Taken together, these results suggest that the mechanisms
underpinning the adjuvant effects of anti-resorptive drugs in
patients with BC need to be further investigated.

Moreover, long-term effects of antiresorptive drugs also
deserve to be considered. Although comprehensive
management of Als bone loss has been proposed to optimize
bone health, to date, few evidence about the long-term effects of
anti-osteoporotic treatments is available. International guidelines
recommend the administration of anti-resorptive drugs for the
whole duration of Als therapy, but the optimal duration of these
therapies is questionable (14, 64, 65). Moreover, it should be
noted that Als might be administered from 5 to more than 10
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TABLE 4 | Quality assessment of the studies included in the present systematic review.

Articles Domain Score
Random sequence Appropriate Blinding of participants or Blinding of outcome Withdrawals and
generation randomization personnel assessors dropouts
Brufsky et al. (52) 1 1 0 0 1 3
Brufsky et al. (48) 1 1 0 0 1 3
Brufsky et al. (50) 1 1 0 0 1 3
Bundred et al. (24) 1 1 0 0 1 3
Eidtmann et al. (47) 1 1 0 0 1 3
Coleman et al. (39) 1 1 0 0 1 3
Ellis et al. (49) 1 1 1 1 1 5
Gnant et al. (34) 1 1 1 1 1 5
Gnant et al. (35) 1 1 1 1 1 5
Greenspan et al. (38) 1 1 1 1 1 5
Lester et al. (41) 1 1 0 0 1 3
Lester et al. (42) 1 1 0 0 1 3
Livi et al. (29) 1 1 1 0 1 4
Llombart et al. (44) 1 1 0 0 1 3
Markopoulos et al. 0 0 0 0 1 1
(46)
Rhee et al. (40) 1 1 1 1 1 5
Safra et al. (51) 1 1 0 0 1 3
Takahashi et al. (43) 1 1 0 0 1 3
Van Poznak et al. 1 1 1 1 1 5
(45)
Hines et al. (36) 1 1 0 0 1 3
Wagner-Johnston 1 1 0 0 1 3
et al. (37)

Points were awarded as follows: study described as randomized, 1 point; appropriate randomization, 1 point; subjects blinded to intervention, 1 point; evaluator blinded to intervention, 1

point; description of withdrawals and dropouts, 1 point.

years (66), while studies assessing the long-term effects of
denosumab or BPs in BC patients lasted 5-8 years (35, 39).
Therefore, data supporting the long-term effects of anti-
resorptive drugs on bone health in EBC patients receiving Als
are warranted.

This paper has some limitations which need to be taken into
consideration. Firstly, only RCTs were included, thus excluding
evidence provided by observational studies. Furthermore,
because of statistical and methodologic heterogeneity among
studies included, we did not carry out a pairwise or network
meta-analysis.

In conclusion, bone health management is a cornerstone in
the comprehensive management of patients with EBC receiving
adjuvant Als. Despite the remarkable advancements in
understanding the mechanisms underpinning Al-induced bone
loss, the optimal therapeutic framework for these patients
remains a challenge for physicians.

This systematic review showed that denosumab and
zoledronic acid might be considered the most effective anti-
resorptive treatment options to improve BMD in patients with
EBC on adjuvant Als. However, robust data concerning the
long-term effects of these drugs and their impact on the
HRQoL are lacking. Thus, further studies addressing
the long-term impact of these drugs are warranted. This
could provide insightful evidence to guide clinicians in using
tailored and effective treatments for BC survivors, to finally
reduce their fracture risk and improve both HRQoL and long-
term outcomes.
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Objectives: To determine the preventive effects of supervised resistance training on arms
volume, quality of life, physical performance, and handgrip strength in Chilean women at
high risk for breast cancer-related lymphedema (BCRL) undergoing chemotherapy.

Design: Randomized control trial.

Participants: One hundred and six women at high risk for breast cancer-related
lymphedema aged 18 to 70 years.

Interventions: Participants will be randomized into two groups: [a] intervention, who will
receive 12 weeks of supervised resistance training (STRONG-B) during adjuvant
chemotherapy; and [b] control, who will receive education to promote lymphatic and
venous return, maintain range of motion, and promote physical activity.

Main Outcome Measures: The primary outcome will be arms volume measured with an
optoelectric device (perometer NT1000). Secondary outcomes will be quality of life,
handgrip strength, and physical performance. Primary and secondary outcomes will be
measured at baseling, just after the intervention, and 3 and 6 months after. Statistical
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analysis will be performed following intention-to-treat and per-protocol approaches. The
treatment effect will be calculated using linear mixed models.

Discussion: The STRONG-B will be a tailored supervised resistance training that
attempts to prevent or mitigate BCRL in a population that, due to both intrinsic and
extrinsic factors, will commonly suffer from BCRL.

Clinical Trial Registration: [https://clinicaltrials.gov/ct2/show/NCT04821609], identifier

NCT04821609.

Keywords: breast cancer lymphedema, breast neoplasms, physical therapy specialty, quality of life,

resistance training

INTRODUCTION

Breast cancer is the leading cause of cancer mortality among women
worldwide (1-3). While early detection and better treatment
strategies have improved overall survival (4, 5), patients often
develop adverse effects such as fatigue, pain, sensory loss,
impairments in shoulder range of motion and muscle strength,
axillary web syndrome, and lymphedema (6-10). These effects
ultimately impair survivors’ quality of life and physical
performance (11-14).

Among the adverse effects, lymphedema deserves attention
because of its chronic nature (15). One-third of breast cancer
survivors develop breast cancer-related arm lymphedema
(BCRL), 80% of them closely after treatments (16-18). BCRL is
an excess accumulation of protein-rich fluid that would
otherwise drain via the lymphatic system, leading to regional
swelling in one or both arms after breast cancer (19, 20). BCRL
has multifactorial causes, influenced by treatment strategies and
the patient’s ability to form collateral lymphatic pathways post-
injury (20, 21). Major risk factors for BCRL are obesity (body
mass index >30 kg/m?), extensive breast and axillary lymph node
surgery, radiotherapy in lymph node basin, and taxane
chemotherapy (10, 14, 20, 22). Clinically, BCRL is
characterized by increased arm volume associated with pain,
heaviness, tightness, and a decreased range of motion, thus
impacting the quality of life (23, 24).

The treatment for BCRL focuses on volume control through
physiotherapy and compression garments (25-27), which
represents a high economic burden for patients and the health
care system (28). Identifying strategies to prevent BCRL in
individuals at high risk, and to improve quality of life of
patients is necessary (27).

Historically, there has been objection to promoting physical
exercise or weight lifting to breast cancer survivors (29).
Nevertheless, this is currently regarded as safe (30). Indeed,
there has been an emerging interest in physical exercise
(aerobic and resistance) as a safe and effective complementary
intervention to prevent or diminish the adverse effects related to
breast cancer treatments (31-33).

Exercise increases cardiac output and arterial blood pressure,
thus promoting capillary filtration and the entry of fluid and
proteins into lymphatic capillaries (34). Exercise also increases
lymph propulsion through lymphatic vessels through extrinsic

and intrinsic mechanisms, e.g. skeletal muscle pump, respiratory
pump, and the pulse of blood vessels near to lymphatic system (34-
36). Indeed, lymphatic clearance rates during the initial 15 min of
exercise are 5-fold higher than at rest, and remain elevated during
exercise (~2.5-fold) (37). Further, physical activity has been shown
to improve the quality of life in women with breast cancer (38-40).
As mentioned above, physical activity has been also used safely to
treat BCRL in survivors (33).

Recent systematic reviews suggest that resistance exercise is a
potentially effective strategy to prevent BCRL in women (30, 41);
however, few studies included women exclusively at high risk of
BCRL (33, 42). The results reported may thus not apply to women
at high risk of BCRL. In addition, the studies including women at
high risk of BCRL used resistance training with light loads (33).
Light training load has a small effect on muscle strength and
morphological adaptations, and minor improvements in physical
performance and quality of life (41). In contrast, acute (43) and
cumulative (42) heavy-load resistance exercises improved the
quality of life, muscle strength, and physical performance without
increasing risk for BCRL.

Therefore, this study will aim to determine the preventive effects
of supervised resistance training on arms volume, quality of life,
physical performance, and handgrip strength in women undergoing
adjuvant chemotherapy with a high risk of BCRL.

METHODS
Study Design

This manuscript is a study protocol for a two-arm, randomized
controlled trial (STRONG-B). The protocol adheres to the
Recommendations for Interventional Trials (SPIRIT) guidelines
(44) and the CONSORT statement (45) (Figures 1, 2,
respectively). The STRONG-B trial has been registered in
Clinicaltrial.gov (code NCT04821609).

The study population will be participants with breast cancer
recruited from Complejo Asistencial Dr. Sotero Del Rio by medical
referral. Recruitment will take place in two distinct phases. First, a
nurse will identify potential participants, and the health and medical
records of volunteers will be further analyzed in a multidisciplinary
committee, including medical oncologists, surgeons, and radio-
oncologists. In the second phase, each volunteer’s eligibility will be
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confirmed by an oncologist during medical consultation. The same
nurse of the first recruitment phase will then explain to each potential
volunteer the purpose of the study and perform the informed consent
process. Reasons for withdrawal from the study will be recorded.

Eligibility Criteria

The following inclusion criteria will be applied: [a] women between
18 and 70 years old; [b] diagnosis of primary breast carcinoma with
histological confirmation; [c] total or partial mastectomy with
axillary node dissection; [d] sentinel node biopsy with positive
axillary web syndrome (defined as cord in the subcutaneous tissue
from the axilla into the ipsilateral upper arm); [e] sentinel node
biopsy along with a body mass index between 30.0 and 39.9 kg/m?
[f] indication of adjuvant chemotherapy; and [g] participants able to
understand and respond to simple instructions. The exclusion

STUDY PERIOD
Enrolment Allocation Post-allocation
TIMEPOINT -t 0 t 14} 3
ENROLMENT:
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS:
Intervention group:
STRONG-B ¢ 4
Control group N o
ASSESSMENTS:
Sociodemographic X
data
Anthropometric data X
Clinical data X
Quality of life X X X X
Arms volume X X X X
Physical functioning X X X X
Handgrip strength X X X X
Safety X
Recruitmen.t- X
acceptance ratio
Adherence X
FIGURE 1 | Schedule of enrolment, interventions, and assessments according to SPIRIT diagram.

criteria will be: [a] >200 ml of difference in volume between arms;
[b] antineoplastic treatment (chemotherapy, radiation therapy, or
hormone therapy) before the current medical diagnosis; [c] stage IV
breast cancer; [d] medical contraindication for exercise; [e] self-
reported physical activity equivalent to the recent American College
of Sports Medicine Physical Exercise Recommendation Guidelines
for Patients and Cancer Survivors: 150 min/week of moderate
aerobic exercise, or 75 min/week of vigorous aerobic exercise, and
resistance training exercises at least two days per week; [f] body
mass index <18.5 kg/m” (indicative of malnutrition) or >40 kg/m’
(indicative of high cardiovascular risk); and [g] pregnancy.

Intervention
STRONG-B is an exercise training intervention specifically
developed for patients with breast cancer (46), which follows the
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== CONSORT

L7, I TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram

Assessed for eligibility (n=)

Excluded (n= )

+ Not meeting inclusion criteria (n= )

+ Declined to participate (n= )

Randomized (n=116)

L

vy 1.4 Allocation Y

J

Allocated to intervention (n=58)
+ Received allocated intervention (n= )

+ Did not receive allocated intervention (give reasons) (n= )

v 1.1 Follow-Up v

Allocated to control group (n=58)
+ Received allocated intervention (n= )

+ Did not receive allocated intervention (give reasons) (n= )

Lost to follow-up (give reasons) (n= )

Discontinued intervention (give reasons) (n= )

v 1.2 Analysis v

Lost to follow-up (give reasons) (n= )

Discontinued intervention (give reasons) (n= )

J

Analysed (n=)
+ Excluded from analysis (give reasons) (n= )

Analysed (n=)
+ Excluded from analysis (give reasons) (n= )

FIGURE 2 | The proposed CONSORT diagram of enrolment, allocation, follow-up, and analysis through the study for each arm.

guidelines of the American College of Sports Medicine with the
specification for the frequency, intensity, time, and type of exercise
prescription (31).

The training sessions include ten moderate-intensity resistance
exercises for the upper (shoulder press, chest press, lateral
pulldown, biceps curls, triceps extension) and lower limbs (squat,
calf raise, leg press, leg extension, and leg curl). Each session lasts
~40 minutes and will be conducted twice a week for 12 consecutive
weeks. Sessions will be supervised and guided by experienced
physiotherapists, and conducted in groups of up to 3 participants.

The training will begin the week after the first chemotherapy
session and will be conducted concomitantly with the regular
treatment of each patient. Note that STRONG-B will never
replace or interfere with the standard care. Each session will
include a warm-up (5 minutes), followed by resistance training
(30 minutes), and ending with a cooldown (5 minutes).

Resistance exercises will be performed at the maximum range of
motion, using resistance machines or free weights as required.

Rating of perceived exertion will be measured using a 0-10-point
OMNI-Resistance Exercise Scale (minimal effort = 0; maximum
effort = 10) to control perceived exercise intensity (47, 48).

During the first week, patients will perform two sets of 10
repetitions of each exercise either without resistance or with the
lowest resistance available for a rating of perceived exertion of 2-4
(“easy” to “somewhat easy”). After this week, provided that no
adverse events or symptoms are reported, resistance will be added so
that each patient can perform three sets of 12 maximal repetitions
(12-Repetition maximum) of each exercise with a rating of
perceived exertion of 4-6 (“somewhat easy” to “somewhat hard”)
(47, 48).

Progression will be supervised considering the patient’s
symptoms (49). When patients can complete three consecutive
sessions with the last volume and intensity, the load will be
increased 5% to 10%. During the 12th week, the number of steps
per day will be recorded using a smart bracelet [Huawei Band 4
(50)] as a surrogate of aerobic physical activity.
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Control Group

Patients in the control group will be referred to an early and
prospective physical therapy program, as previously described
(51). Therein, they will be evaluated and educated, but this
program will not include the STRONG-B training. In the first
session (before surgery), patients will receive oral and written
education. Education will consist of care advice and eight
exercises (Supplementary Data) to promote lymphatic and
venous return and to maintain arm range of motion. We will
recommend patients to perform these exercises in 3 sets of 10
repetitions, 2-3 times a day, for 3 months after surgery. Patients will
be also educated to encourage aerobic physical activity. Physical
exercise will be evaluated and supervised every three months after
surgery, and educational information will be reminded. During the
12th week, the number of steps per day will be recorded using a
smart bracelet [Huawei Band 4 (50)] as a surrogate of aerobic
physical activity.

OUTCOMES

Main Outcome

Arm lymphedema will be assessed using a Perometer (NT 1000,
Wouppertal), an optoelectrical imaging device that measures limb
volume (52). The perometer is a valid and reliable tool [interclass
correlation coefficient test-retest of 0.99 (52)]. The volume is
expressed in milliliters and percentage relative to the contralateral
arm. A difference in volume between arms of 200 mL or higher and
a 10% difference between arms indicate lymphedema (12).

Secondary Outcomes

Quality of life will be assessed using two questionnaires: [a] the
European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire Core 30 v.3.0 [EORTC QLQ-C30;
test/retest reliability between 0.82 and 091 (53)]; and [b] the
European Organization for Research and Treatment of Breast
Cancer-Specific Quality of Life Questionnaire BR23 [EORTC
QLQ-BR23; Cronbach’s o between 0.46 and 0.94 (54)]. These
questionnaires had been validated in the Spanish language and
Chilean population (55).

Handgrip strength will be measured with a Hydraulic Hand
Dynamometer (Jamar, United Kingdom). Patients will be asked to
grip and squeeze the dynamometer as hard as possible. The
maneuver will be conducted three times, with 1-min rest between
attempts. Both hands (with surgery, without surgery) will be
measured and compared. Results will be expressed in kilograms.
Intra-instrument reliability and concurrent validity were tested
using certified standard weights (r = 1.00), while inter-instrument
reliability was good, between 0.80 and 0.83 (56). Further, there are
reference values for a healthy Chilean population (57, 58).

Physical performance and mobility will be assessed with the 6-
minute walk test (59). The test has been validated in patients with
cancer and shows good reliability [intraclass correlation coefficient
for test/retest was r=0.93 (60)]. Participants will be instructed to
walk between two marks set 30 m apart as many times as possible
over 6 min. The greater the distance covered, the greater mobility

and general performance (59). Results will be expressed in
meters walked.

Sociodemographic and Clinical Data
Demographic data will include age, sex, and educational level.
Anthropometric data will include weight, height, and body mass
index. Clinical data will include disease stage, scheduled treatment,
medical history, and current medication. Clinical data will be
extracted from the patients’ electronic medical files by one study
coordinator not blinded to patient allocation.

Safety and Feasibility

The safety of the intervention will be assessed every week,
tracking and monitoring adverse events according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events version 5.0 (61). Researchers will meet weekly to
review and discuss adverse events. All serious adverse events will
be immediately reported to both ethics committees and will be
reported in the results.

The number of patients who meet the eligibility criteria, the
number of patients who agree or not participate, and the number
of patients who withdraw from the study will be recorded and
reported. Adherence will be calculated considering the number
of patients who participated in all sessions and the number of
patients who assisted to scheduled assessments.

Sample Size

The sample size was determined using G*Power version 3.1.9.2,
considering the arm volume as the primary outcome. A confidence
level of 95%, statistical power of 90%, and a two-sided alpha of 5%
were considered in the analysis. An effect size of 0.70 (d) has been
chosen to detect differences in the arm volume in patients with BC
undergoing chemotherapy; hence, 44 participants will be needed per
group. Considering a dropout rate of 20%, 106 patients will be
included in the study.

Randomization

Patients will be randomly allocated (1:1 ratio) in two concealed
numerical lists using the software Sealed Envelope . The software
generates different codes for each patient, which then identifies the
group linked to the code. The code will be printed and placed in a
dark closed envelope, which will be delivered to patients after
baseline assessments. A blinded external researcher will perform
the process. The allocation will be then reported to the nurse, who
will subsequently inform each participant of the assigned group
(intervention or control).

Study Assessments

Figure 3 outlines the schedule for study outcome assessments.
Assessments will be scheduled upfront, and patients will be regularly
reminded via phone or email. Outcomes will be measured at four-
time points: [t0] at baseline (up to 7 days before chemotherapy); [t1]
after intervention (up to 5 days after the intervention ended); [t2] at
three months of follow-up; and [t3] at six months of follow-up.
Assessments will be made by an experienced researcher blinded to
the allocation of patients.
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Breast cancer at

high risk for BCRL* /-

Frequency: 2 sessions per week

Intensity: Moderate-intensity (12 RM)
Type: 10 supervised resistance exercises
Time: 40 min per session during 12 weeks

BREAST CANCER SURGERY

CHEMOTHERAPY SESSIONS

Screening

Control group

'

>

t3

Physiotherapy education and
physical activity promotion

tl t2

+12 weeks + 24 weeks + 36 weeks

FIGURE 3 | Study design. *Breast cancer at high risk for breast cancer-related lymphedema (BCRL) has been established as having had: [a] total or partial
mastectomy with axillary node dissection; [2] sentinel node biopsy with positive axillary web syndrome; or [3] sentinel node biopsy along with a body mass index

between 30.0 and 39.9; F, frequency; |, intensity; T, type; T, time.

Data Management

Two researchers will manage data using predesigned data collection
forms in Excel version 2016 (Microsoft Corporation, Redmond, WA,
USA). Data will be regularly revised to ensure data quality. Patients will
be identified by codes to ensure anonymity, and only the authors
involved in the trial will have access to patients’ full identification details.

Statistical Analyses

Analyses will be performed by a statistician blinded to the allocation
of patients. Intention-to-treat and per-protocol approaches will be
used. Normality assumption will be tested using the Shapiro-Wilk
test. If the normality assumption is met, data will be presented using
means and standard deviations. Otherwise, median and interquartile
ranges will be reported. To assess the effect of the intervention, a
multivariate linear regression model with repeated measurements will
be adjusted. The model will include arm volume, quality of life,
physical performance, and handgrip strength as response variables.
Group (intervention, control), time (t0, t1, t2, t3), and the groupxtime
interaction will be included as explanatory variables, adjusted for co-
variables if required. The intervention’s effect will be also described by
computing the effect size and 95% confidence limits. The following
qualitative descriptors will be used: trivial <0.20, small 0.20-0.50,
moderate 0.50-0.80, and large >0.80 (62). Significance will be set at
p<0.05. Statistical analyses will be performed with STATA 15.1.

DISCUSSION

STRONG-B is a supervised resistance training intervention
developed specifically for preventive BCRL in patients with breast
cancer at high risk of BCRL. The training will be performed after
breast cancer surgery and concomitantly with adjuvant
chemotherapy. Considering the impact of cancer and the
consequences of the treatments (6-14), the main objective will be
to analyze the preventive effects of STRONG-B on arm volume,
quality of life, physical performance, and handgrip strength. The
feasibility, adherence, and security of the training will be also
analyzed. STRONG-B is thus proposed as a tailored resistance
training intervention supervised by experienced physiotherapists
with multiple potential benefits for patients with breast cancer.

The economic burden of BCRL is high for patients and the health
care system (28, 63-65). Three weeks of lymphatic decongestive
treatment by a physiotherapist and follow-up require on average USD
2,648 per patient. Additionally, the required compression stockings cost
on average USD 937 per patient (28). Finally, there are other non-
medical costs such as transportation and loss of productivity due to
morbidity and mortality. Together, these data highlight the relevance of
developing strategies to prevent BCRL. Physical exercise may represent a
plausible strategy (41, 66). If the STRONG-B training is successful, it
would be easy to implement in usual care. Since resistance training is
safe and well-tolerated in patients with breast cancer, the training may
even be used as a primary prevention strategy against lymphedema and
deterioration of quality of life.

The interplay and chronology between the factors leading to
lymphedema are not well understood (67). Inflammation, adipose
tissue remodeling, skin fibrosis, and deterioration of lymphatic
vessels are known to be involved (67). Endolymphatic pressure
increases immediately after a node resection, leading to irreversible
histological changes in collecting lymphatic vessels (68). This process
occurs even before the onset of BCRL and involves modifications in
endothelial cells and basal membranes and the proliferation of
collagen fibers. Interventions at these early stages seem thus
essential. Notably, several studies have shown that lymph flow and
shear stress are required for valve maintenance (69). Physical exercise
can be used for that purpose. Complementing exercises with
methods that detect small changes in arm volume [e.g. perometer
and three-dimensional laser scanning (52, 70, 71)] will be helpful.

In addition, STRONG-B may have beneficial effects beyond
BCRL in women with breast cancer. Long-lasting and high physical
activity levels during cancer treatments have been shown to increase
chemotherapy completion rate and reduce adverse effects such as
fatigue, cardiotoxicity, and cognitive impairments (31, 72-74). This
highlights the relevance and impact of chronic exercise
interventions in individuals with cancer.

The protocol has certain limitations though. First, aerobic
training will not be included, but aerobic physical activity will be
encouraged and measured by bracelets in both groups. Second,
implementing the training in small groups of patients may delay
recruitment but seems safer in the current context of the COVID-19
pandemic. Implementing rehabilitation through telemedicine may
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also be useful and complement interventions in the future (75, 76).
Third, patients undergoing chemotherapy may feel fatigue or
discomfort, thus reducing adherence (77); to prevent this issue,
STRONG-B was designed considering the preferences of breast
cancer survivors (46). Finally, due to the nature of the intervention,
neither participants nor health care workers will be blinded to the
group assigned to each participant (78).

In conclusion, the STRONG-B training is proposed as a tailored
supervised resistance training for patients with breast cancer at high
risk for BCRL. This study will attempt to prevent or mitigate BCRL
in a population that, due to both intrinsic and extrinsic factors, will
commonly suffer from BCRL
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Introduction: Breast cancer is the most common in the female population. Physical
training is safe and indicated after surgical treatment for breast cancer. During exercise,
body temperature changes due to tissue metabolic activity; in this sense, infrared
thermography is used to map the thermal patterns of the body surface.

Objective: This study aimed to evaluate the feasibility of using thermography during a
physical rehabilitation program in mastectomized patients by analyzing the change in
body temperature caused by physical exercise in the breast region.

Methodology: This is a simple and covert clinical trial, in which the sample was
constituted for convenience. The women were submitted to a supervised physical
exercise protocol, three times a week, for 20 sessions. They were evaluated in the first,
tenth, and twentieth sessions in relation to changes in body temperature in the breast
region (infrared thermography).

Results: Twenty patients who underwent mastectomy surgery were recruited. No patient
had drain infection, scar dehiscence, or lymphedema, and only one patient had seroma
removed. The mean age was 50.45 + 2.00 years, and the body mass index (BMI) was
28.95 + 1.11 kg/m?. In the body thermography of the patients’ breast region, no
significant difference was observed when comparing the thermograms of the plastron
region of the patients in the first, tenth, and twentieth sessions (p = 0.201). However, when
comparing the plastron region with the control breast, a reduction in temperature was
observed in the operated region in the first (p = 0.012) and tenth sessions (p = 0.004).

Conclusion: Through this study, we can conclude that the use of infrared thermography
is viable for the analysis of the body temperature of mastectomized patients during a
supervised physical exercise protocol and, therefore, suggest that this instrument is
increasingly used in the cancer public.

Keywords: breast neoplasm, exercise, feasibility studies, mastectomy, thermography
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INTRODUCTION

Breast cancer has the most incidences in both the world and
Brazilian female population, except for non-melanoma skin
cancer. In Brazil, 66,280 new cases of breast cancer are
estimated each year of 2020-2021 biennium (1).

Although physical exercise has a positive impact on the
physical and psychological wellbeing of breast cancer survivors,
physical activity declines significantly after diagnosis and
increases slowly after treatment period (2), and then physical
exercise plays a critical role in the recovery. A guideline
published by the American College of Sports Medicine (3)
states that physical training is safe during and after cancer
surgical treatment and improves functionality, quality of life,
and oncological fatigue (4).

A systematic review and meta-analysis described the effects of
physical exercise interventions after adjuvant therapy in women
with breast cancer (5). The main results were improvements in
fatigue, cardiorespiratory fitness, quality of life, physical and
social/emotional function, and self-reported physical activity,
which were sustained for 3 months or more after the
intervention. Walking, horse riding, yoga, and water-based and
resistance exercises were among the interventions carried out in
the studies.

During exercise, body temperature changes due to the
metabolic activities of human tissues (6). Thermography is a
widely used technique to assess temperature in the tissues
because it is a non-invasive and non-painful procedure (7). In
oncological patients, this technique can be performed as a
complementary examination to detect breast cancer; however,
mammography is the primary screening modality (8, 9). Among
all pseudo colors, the white region represents a higher
temperature indicating an anomalous region of the breast
(9, 10). Thermography images offer functional information
associated with vasodilatation, hyper-perfusion, and hyper-
metabolism (6).

Therefore, infrared thermography (IRT) is a comfortable and
safe procedure that aims to capture infrared radiation emitted by
a surface to measure different patterns of temperature
distribution (11, 12). Besides that, this instrument has been
highlighted in terms of its use for rehabilitation purposes,
evaluation, and re-evaluation after treatment (9, 13, 14).

IRT is not an instrument that shows anatomic abnormalities,
but it is a method that demonstrates physiological changes (15)
and allows mapping thermal patterns, that is, thermograms, on
body surface (16). Thermograms showing increased nipple
temperature, hot spots, and vascular changes may indicate
serious breast problems (10). A temperature difference of 1°C
between thermograms can be used to detect changes in the breast
tissue (17).

A systematic review evaluated skin temperature (Tg) during
physical exercise in healthy individuals through IRT and
observed that there is no homogeneous response in Ty,
between different regions of the body. The duration and
intensity of the proposed activity, the function of the body
region, and the need for heat loss are responsible for this
heterogeneity (18).

A scientific gap is observed in relation to the clinical safety of
therapeutic exercise in post-mastectomized women’s
rehabilitation. For a long time, it was recommended that
women would remain on bed rest so that they would not have
problems with healing or risk of developing metastases.
Therefore, this study aims to assess the feasibility of using
thermography during a physical rehabilitation program in
mastectomized patients by analyzing the change in body
temperature promoted by physical exercise in the breast region
(postoperative inflammation). Through the use of IT, we can
safely conduct the patient’s physical rehabilitation process.

MATERIAL AND METHOD

This is a single-blinded arm of a randomized clinical trial; the
sample was obtained by convenience, composed of patients who
were looking for treatment at Associacdo de Amigos da
Oncologia (AMO), a non-profit organization in Aracaju,
Sergipe, Brazil. Two investigators participated in the study.
Investigator 1 performed the initial, middle, and final
assessments, and investigator 2 was responsible for supervising
the exercise protocol.

The present study was approved by the Committee of Ethics
for Research in Humans of the Federal University of Sergipe
(2.537.651). Participants signed an informed consent according
to Resolution 466 from National Health Council. CONSORT’s
recommendations for pilot and feasibility trials were used in the
preparation of this study (19).

Women with an anatomopathological diagnosis of breast
cancer who underwent either radical or total mastectomy
surgery were included. They could have been submitted or not
to adjuvant chemotherapy and were admitted at rehabilitation
service after drain removal or until 4 months after surgery and
with the healed surgical incision. Women with breast
reconstruction, metastasis, and bilateral breast cancer or those
who presented an orthopedic or rheumatologic problem that
represented significant functional alterations (e.g., bursitis,
fibromyalgia, and lupus) were excluded.

Women underwent a physical exercise protocol, three times a
week, individually, for 50 min, totaling 20 sessions. This quantity
of sessions represents the recommended time to achieve
improvement in mobility and postoperative pain that may
impair the performance of radiotherapy, if indicated, as often
used in clinical practice. The format for each exercise session
consisted of global stretching, followed by active-free
kinesiotherapy, resistance training in the upper and lower
limbs, and, finally, a relaxation period with stretching activities
(20, 21) (Figure 1).

Exercises promoted active shoulder abduction, adduction,
flexion, extension, and internal and external rotation
movements; elbow flexion and extension; and hip and knee
flexion and extension and plantar flexion (20). Three series of
8 to 15 repetitions were done with a resting interval of 1 min, for
each exercise. Resistance exercises using 1- and 2-kg dumbbells,
1-kg shin pads, and elastic bands with mild and moderate
resistance were inserted as patients presented flexion above
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90°, abduction above 45°, and external rotation of the shoulder
above 30° in the upper limb ipsilateral to the surgery. In the lower
limbs, this therapeutic modality started in the first session.

If some discomfort was perceived by the patient during
physical exercises, such as nausea, vomiting, excessive
sweating, fatigue, or unbearable pain, exercise was interrupted
until the patient felt better. Physical exercises were performed,
respecting the limit of each patient involved in the study. The
physical therapist responsible for the treatment was trained for it
and had 4 years of experience in this clinical area. Patients also
received all orientations that should be adopted with the
operated region and the ipsilateral arm to the surgery.
Likewise, they were encouraged to freely perform aerobic
activities, such as walking, dancing, or swimming.

IRT evaluates body abnormalities through alterations in
superficial blood flow in affected areas (15). This measurement
was performed in the Ist (baseline), 10th (middle), and 20th
(final) sessions of the patients, and a thermographic camera FLIR
Systems T420™ (Wilsonville, OR, USA) was used as assisted by a
computer. This equipment allows images with a spatial
resolution of 1.4 mrad obtained by visualization of hot spots of
14 mm to 1 m of distance, using standard lenses without
additional lenses: thermal sensitivity of 0.05°C in 30°C, a
spectral range of 7.5-13 pm, and digital video of 320 x 240 pixels.

All images were analyzed and displayed in a palette of 85-100
colors, with a thermal window of 0.15°C for each color. Thermal
sensitivity of 0.51°C per color tone was used based on rainbow
type (colorful palette) colorimetric scale, in which the cores
were from the warmest to the coldest (FLIR QuickReportTM v.
1.2 and FLIR Reporter' " v. 8.5, FLIR Systems, Inc.). Colors
indirectly indicate the degree of distribution of local’s skin
cutaneous perfusion.

The room’s temperature was maintained at between 19°C and
21°C (22) and relative humidity of 80%. Women remained in this
location, sitting in a chair, with their breasts uncovered for 15
min before images were obtained for acclimatization and to
avoid sweating bias. The camera was placed on a tripod at 75 cm
in height and 100 cm away from the patient, and the
thermograms were captured including both breasts in a single

image (11, 14). For the assessment, women were instructed to not
apply lotions, makeup, or sunscreen on the skin; not smoke 2 h
before evaluation; not drink coffee or alcohol; not perform any
physical activity; and inform if they have used any medication.
They were also instructed to not palpate, press, and rub the skin
at any moment until the thermographic examination was
completed (14, 15).

When analyzing the images, a region of interest (IR) was
standardized on both breasts of each patient, allowing to
calculate the mean and SD of the temperature of that region.
IR was defined based on the size of the surgical incision for each
patient. The upper limit consisted of the axillary line, and the
lower limit was the line drawn at the height of the xiphoid
process. The unpaired t-test was used to compare temperatures
on the plastron region with the contralateral breast. The
repeated-measures ANOVA test was performed to compare
temperature alterations during rehabilitation protocol. p < 0.05
value was considered statistically significant.

RESULTS

Twenty patients who submitted to mastectomy for breast cancer
removal were recruited. None of these patients presented drain
infection, scar dehiscence, or lymphedema, and only one patient
needed seroma removal.

Patients’ mean age was 50.45 + 2.00 years, and body mass index
(BMI) was 28.95 + 1.11 (kg/mz). In general, patients started
physical therapy only 38.25 + 23.13 days after the surgical
procedure, 60% underwent a simple mastectomy, 70% had their
right breast operated on, 70% were married, 100% used the drain,
and 85% underwent neoadjuvant chemotherapy (Table 1).

In body thermographic examinations of the patients’ breast
region, no significant difference was observed when comparing
thermograms of patients’ plastron region at the first, tenth, and
twentieth sessions (p = 0.201). However, when comparing the
plastron region with the control breast, a significant increase in
temperature was observed in the operated region at the first (p =
0.012) and tenth sessions (p = 0.004) (Table 2).
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TABLE 1 | Sociodemographic, clinical, and surgical data of treated patients (n = 20). .

Variable

Age (years)
Weight (kg)
Height (cm)
Body mass index (kg/m?)
Time for beginning treatment (days)
Marital status
Single
Married
Divorced
Widow

Type of surgery
Simple mastectomy
Radlical mastectomy
Local of surgery
Right
Left
Neoadjuvant chemotherapy
Yes
No
Neoadjuvant radiotherapy
Yes
No
Lymphedema
Yes
No

Values presented as mean + SD, and absolute and relative values (%).

In the qualitative analysis of thermograms, we found that all
patients (100% of images analyzed) had white and red areas in
the region of the surgical scar, which represents higher
temperatures at this location, with probable relation to the
postoperative inflammatory process (Figure 2).

Regarding the feasibility of using thermography in the
population studied, no adverse effects were reported by
patients; in addition, 100% of participants adhered to the IRT
technique and to the proposed physiotherapeutic proposals.

DISCUSSION

IRT is a non-invasive method that can be performed in any age
range, but in the oncologic public, it is mostly used as a
complementary exam to cancer clinical diagnosis (7). A study
that evaluated the accuracy and reliability of IRT on assessment
of breast of women with cancer suggested that it can be used for
the purpose of (non-diagnostic) assessment of skin temperature
before and after therapeutic procedures or to establish
correlations with other clinical variables (17). Biologically, the

TABLE 2 | Cutaneous temperature in degrees in plastron region and control breast at

Mean = SD

50.45 +2.00
70.52 + 3.16
1.58 + 0.01
28.95 + 1.11
38.25 + 23.13
n (%)
3(15)
14 (70)
1)
2 (10)
n (%)
12 (60)
8 (40)
n (%)
14 (70)
6 (30)
n (%)
17 (85)
3(15)
n (%)
0
20 (100)
n (%)
0
20 (100)

metabolic rate of cancer cells is higher than that of normal cells.
Consequently, tumors act as a heat source, increasing the surface
temperatures around the cancerous area, which can be seen as a
hot spot in a thermal image (23).

According to the International Academy of Clinical
Thermology (IACT), IRT contributes to the evaluation of
vascularization in solid organs, diseases in soft tissues, and
pain studies (23). In our study, there was an important change
in the temperature of the plastron region, which was higher in
comparison to that of the control breast. Physical exercise
practice, however, caused a reduction in plastron temperature,
while the control breast remained unchanged from baseline
temperature values. This measurement offers safety and
feasibility for a program of supervised rehabilitation after
mastectomy. However, body temperature is not the only
variable that should be analyzed; the assessment of pain, range
of motion, muscle flexibility, and functionality, among others,
are also important for the evolution of patients.

After thermographic evaluation of patellar and Achilles
tendons of healthy individuals (24), there was an increase in
tendon’s temperature immediately after running with an

1st, 10th, and 20th sessions.

Breast 1st session P 10th session P 20th session P p (RM)
Control 32.91 +1.59 0.012* 32.82 +1.25 0.004* 32.36 + 1.44 0.067 0.201
Operated 34.26 +1.12 3417 +1.13 33.47 + 0.90

Data presented in mean + SD.

RM, repeated measures.

*p < 0.05. Unpaired t-test and ANOVA for repeated-measures test.
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FIGURE 2 | Thermogram of an evaluated patient thermogram. From this image, it is possible to observe the delimitation of the region of interest (white squares), the
color palette (frow lowest to highest temperature) used to identify probable changes and the patient’s position (seated) to capture the image. On the right, we can
see the patient’s breasts (in red and yellow) while on the left, there is the plastron region (in red) and the mastectomy scar (in white).

eccentric overload when compared to basal values prior to
exercise, between a trained group that used eccentric overload
and a non-trained group during 3 days of running. In addition,
the study found no difference in temperature between the limbs
in the individuals who practiced running. In our study, we can
observe that the change in temperature between the breast and
the plastron region presents a difference greater than 1°C in the
three evaluated moments. This does not mean that the
carcinogenesis process is still taking place, as we have to
consider the presence of inflammatory mediators in the recent
postoperative period. It is noteworthy that the temperature of the
plastron region reduces along with each evaluation, which
corroborates the hypothesis mentioned above about the
influence of the inflammatory cascade.

Fernandes and collaborators (12) monitored changes in the
skin temperature of healthy individuals during exercise in 28
body regions of interest (forehead, face, chest, abdomen, back,
neck, lumbar spine, hands, forearms, arms, thighs, and legs) and
observed a reduction in temperature in most regions of interest
after 10 min of activity, with the exception of the lower limbs.
However, after an hour of recovery, in the anterior view of the
hands and thighs and the posterior view of the legs, there was a
significant increase in temperature in relation to the pre-exercise.
Nevertheless, in mastectomized women, we noticed that the
temperature reduction in the plastron region was maintained
after physical exercise protocol, which consisted of 20 supervised
training sessions. Furthermore, there was no significant change
in body temperature that represents a risk or contraindication to
exercise because it promotes the process of carcinogenesis or
increases local inflammation.

The application of IRT requires some important care to avoid
biases during the acquisition of thermograms. One of them is the
regulation of body temperature. Our patients remained for a

certain time in acclimatization in a temperature-controlled room
and received guidance on the care they should adopt before
performing IRT. Thus, sweating would not become a
confounding factor at the time of data interpretation. Studies
show that the evaporation of sweat that occurs during exercise
corresponds to a physiological mechanism to reduce skin
temperature (Ty) (18, 25). In a thermoneutral environment
and at rest, Ty tends to remain in balance, and the change in
it may be indicative of the presence of some pathological
state (26).

The limitations of our study include the difficulty in
segmenting the breast area, since each person has different
anatomy, given the amorphous nature of breast structure (10)
and the small sample size (n = 20). However, it is important to
highlight the innovative character of our study, since there is no
article that has assessed the change in body temperature during
and after a supervised program of exercises for mastectomized
women. Another gap in the literature concerns the lack of studies
that address physical therapy treatments and the use of IRT,
especially aimed at the breast region. Through this measure, we
can show the feasibility of using IRT throughout an exercise
program in mastectomized patients by bringing safety to
perform physical rehabilitation from a clinical and
physiological point of view.

CONCLUSION

We can conclude that the use of IRT is feasible for the analysis of
the body temperature of mastectomized patients during and after
a supervised physical exercise protocol. Thus, we reinforce the
possibility for considering this instrument to be increasingly used
for evaluating oncology patients.
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Establishing Minimal Clinically
Important Differences for the Quality
of Life Instrument in Patients With
Breast Cancer QLICP-BR (V2.0)
Based on Anchor-Based and
Distribution-Based Methods

Fei Li"", Yuxi Liu"®, Chonghua Wan”, Jiali Zhou, Jianfeng Tan" and Huanwei Chen?

" Research Center for Quality of Life and Applied Psychology, Key Laboratory for Quality of Life and Psychological
Assessment and Intervention, School of Humanities and Management, Guangdong Medical University, Dongguan, China,
2 Central Hospital of Guangdong Nongken, The six wards of Medical Oncology, Zhanjiang, China

Objective: To determine the minimal clinically important differences (MCIDs) for the breast
cancer scale QLICP-BR (V2.0) among the Quality of Life Instruments system for cancer
patients (QLICP), which consist of the general module of 32 items classifying into 4
domains and the specific module of 10 items.

Methods: According to the scoring rule of QLICP-BR (V2.0), the scores of each domain
and the overall scale were calculated. The MCIDs of this scale were established by
anchor-based and distribution-based methods. The anchor method used the Q29 item in
the EORTC QLQ-C30 scale as anchors and defined the treatment effectiveness of the
anchor-based method using criteria A (one level improvement after treatment) and B (at
least one level improvement after treatment), while methods of effect size (ES), standard
error of measurement (SEM), and reliability change index (RCI) were used in distribution-
based methods.

Results: Using the anchor-based method, according to standard A, the MCIDs of the
physical domain (PHD), psychological domain (PSD), social domain (SOD), common
symptoms and side effect domain (SSD), core/general module (CGD), specific domain
(SPD), and the total score (TOT) were 16.24, 11.37, 11.31, 12.07, 11.49, 10.69, and
11.23 respectively; according to standard B, the MCIDs of PHD, PSD, SOD, SSD, CGD,
SPD, and TOT were 18.88, 15.14, 14.10, 14.50, 13.93, 12.17, and 14.23 respectively. In
the distribution-based MCID study, when ES = 0.8, the MCID values of each domain and
the total score of the scale were 9.14, 10.34, 8.34, 10.54, 6.79, 9.73, and 6.96
respectively. The MCIDs calculated when a SEM of 1.96 was used as the intermediary
index were 8.38, 11.04, 8.67, 10.00, 7.44, 9.83, and 7.81. The MCIDs calculated when a
RCI of 1.96 was used as the intermediary index were 11.84, 15.61, 12.27, 14.14, 10.52,
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13.90, and 11.05. Additionally, the MCID value calculated by the two standards of the
anchor method was similar to 0.8 ES, 1.96 SEM, and 1.96 RCI.

Conclusion: Using the anchor-based method, 0.8ES, 1.96SEM, and 1.96RCI have a
better effect on the minimal clinically important difference of breast cancer scale and were
recommended to be the preferred methods for establishing MCID.

Keywords: breast cancer, quality of life, minimal clinically important difference, anchor-based method, distribution-

based method

INTRODUCTION

Breast cancer is one of the most common malignant tumors in
women and a leading cause of cancer-related deaths. The age of
breast cancer diagnosis is between 40 and 60 years old. Each year
more than 1.7 million women are diagnosed and more than 500
000 die from breast cancer, making it the leading cause of cancer
death among women globally (1, 2). There are more than 1.67
million new cases of breast cancer in women worldwide in 2012,
ranking first place in the incidence of female malignant tumors
(3-5). In 2018, breast cancer accounted for 11.6% of all cancer
deaths worldwide (6). In China, the incidence of breast cancer
has increased in recent years with the development of society and
economy, changes in lifestyle, and ecological environment. From
2003 to 2008, the standardized incidence of breast cancer in
Chinese women increased from 21.17/100,000 to 26.26/100,000,
an increase of 17.65%. The incidence of breast cancer declined
slightly in 2009, but from 2010 to 2012, it rose sharply to 30.43/
100,000, an increase of 43.74% compared with 2003. The average
annual rate of change in breast cancer mortality over the past 10
years was 3.87 percent (7). It can be seen from this that the
incidence and mortality of breast cancer in China as a whole
show a trend of a gradual increase, and the burden of disease is
also increasing.

Along with the increasing number of breast cancer patients
and the longer survival due to early detection programs and
advancement in medical technology, accurately assessing the
health-related quality of life (HRQOL) of breast cancer
patients is crucial (8-10). By far, the more popular HRQOL
tools for breast cancer are the European Organization for
Research and Treatment (EORTC) Quality of Life
Questionnaire-C30 (QLQ-C30) and the breast cancer-specific
module QLQ-BR23, and the American Breast Cancer Quality of
Life Measurement Scale FACT-B (10-12).

However, these scales are not fully applicable to the
assessment of the quality of life of Chinese people. Therefore,
Wan’s QOL team developed the Chinese instrument for the
breast cancer quality of life measurement QLICP-BR (including
the first (13) and second editions), which is one scale of the

Abbreviations: MCID, minimal clinically important differences; QLICP-BR, Quality
of Life Instruments system in breast cancer patients; EORTC, European Organization
for Research and Treatment; ES, effect size; SEM, standard error of measurement; RCI,
reliability change index; PHD, physical domain; PSD, psychological domain; SOD,
social domain; SSD, common symptoms and side effect domain; CGD, core/general
module; SPD, specific domain; TOT, total; HRQOL, health-related quality of life; ROC
curve, receiver operating characteristic.

system of Quality of Life Instruments for cancer patients
(QLICP). The second version QLICP-BR (V2.0) is composed
of a general module QLICP-GM (V2.0) and a breast cancer-
specific module. Among them, QLICP-GM (V2.0) includes 32
items from 10 facets grouped into four domains: physical
function (8 items), psychological function (9 items), social
function (8 items), and common symptoms and side effects (7
items) (14). The breast cancer-specific module consists of 3 facets
and 10 items. The whole scale consists of 5 domains, 13 facets,
and 42 items (15). The QLICP-BR (V2.0) has been verified in
Mainland China and has good reliability, validity, and
responsiveness after testing. It can be used for the
determination of the quality of life in patients with breast
cancer during the period of onset, treatment, and
rehabilitation (15).

In order to reasonably explain the clinical significance of
questionnaire measurements and scale scores, as early as 1987,
Guyatt et al. proposed to use the Minimal Clinically Important
Difference (MCID) as an appropriate benchmark for evaluating
important changes in the responsiveness of the scale. The
researchers did not define MCID and acknowledged the
difficulty of quantifying MCID, indicating that the changes
caused by interventions with known efficacy can provide a
preliminary estimate. Two years later, Jaeschke, Singer, and
Guyatt defined MCID as “the smallest change in the score of
the questionnaire dimension recognized by the patient without
considering side effects and costs (16).” Thus, clinicians need a
systematic approach to assess the perceived benefit of a treatment
based on the individual patient’s improvement in cost and risk of
complications. Ideally, MCID will provide a specific threshold as
a treatment target and has been widely used in this regard.

The QLICP-BR (V2.0) has been widely used in China, but
MCID has not been developed, so it is not convenient for further
applications. The purpose of this study is to use the QLICP-BR
(V2.0) scale to develop the minimal clinically important
difference (MCID) for breast cancer.

MATERIALS AND METHODS

Subjects and Data Collection

This study was based on inpatients with a clinical breast cancer
who were diagnosed by pathological examination in the
Affiliated Hospital of Guangdong Medical University and the
Central Hospital of Guangdong Nongken. The investigator
appeared as a doctor and briefly explained the content and
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purpose of the investigation. After obtaining the consent of the
patient and signing the informed consent form, the investigator
sent the QLICP-BR (V2.0) to the patients to fill in by themselves.
In total, 246 patients were included in the study. The inclusion
and exclusion criteria are as follows:

Inclusion criteria: (1) Patients with a clear diagnosis, that is,
those diagnosed with breast cancer by pathological examination;
(2) Good reading and presentation skills, able to fill out
questionnaires by themselves; (3) Volunteer to participate in
the survey, no mental illness or disturbance of consciousness.

Exclusion criteria: (1) Cognitive and consciousness
dysfunction; (2) Those who refuse to participate in the
research or those with a low degree of cooperation; (3) At the
end of life, combined with other primary cancers, other serious
diseases, mental illnesses, etc.; (4) Malignant tumors that
frequently metastasize.

In terms of sample size, we use the sample size calculation
formula:

ZZ
o “;pq

p is the effective rate of treatment, q=1-p, d represents the
allowable error, and Z, is the statistical quantity of the
significance test. When d = 0.1p and & =0.05, n =400 x .
According to experience, p =0.67,q=0.33, So n is equal to 197.
In addition, according to the empirical method, the sample size
should be 5-10 times that of the variable. The number of items in
this scale is 42, and the sample size is suitable for 210-420 cases.
The sample size of this investigation is 246 cases, which can meet
the statistical requirements of sample size.

MCIDs of the Anchor-Based Method

The anchor-based method is used to clarify the meaning of the
scale’s score change by examining the relationship between the
scale and the score of another independent measurement tool
or other indicators. Anchor-based approaches assess the
extent to which changes in measurement instruments
correspond to a minimally important change defined by
external indicators (17). Anchors are divided into cross-
sectional anchors and longitudinal anchors (18). This article
is used to compare the efficacy before and after treatment, so
the longitudinal anchor was selected. First, the RS (raw score)
was scored based on the number of questions contained in
each domain and the patient’s options. Then, linear
transformation was performed using the range method to
convert the raw score into a standardized score (SS) with a
value between 0 and 100. The formula for calculating the score

in each domain is as follows (19):
SS = (RS — Min) x 100/R R = Max — Min

The Q29 item “ How would you rate your overall health during
the past week?” in the EORTC QLQ-C30 scale (20) was taken
as the anchor and used to calculate the correlation coefficient
between Q29 and the QLICP-BR (V2.0) total scale score.
Then, patients who differed by one grade (criterion A) and
at least one grade (criterion B) in Q29 before and after
treatment were screened out. The score difference in each
domain before and after treatment was calculated, and the
mean of the absolute value of the difference was recorded as
MCID. The calculation formula is shown in Table 1.

MCIDs of the Distribution-Based Method
The distribution-based method uses the evaluation tool sample
data distribution (variation) to determine the MCID from a
statistical point of view. Commonly used indicators for
calculating variation include effect size (ES), standard error of
measurement (SEM), and reliability change index (RCI). The
calculation formula and corresponding MCID calculation are as
follows:

%o MCID = ES x SDbaseline

ES =
\/Z(xo -%)’/n-1

X is the baseline score of the respondent;

X, is the mean baseline score of the respondent; SDp geiine 1S
the standard deviation of the baseline score of the respondent; x;
is the mean score of the respondent after treatment; and n is the
sample size (21-23). In the health-related quality of life
assessments, the ES is currently a relatively recognized
parameter in determining the importance of group or
individual changes. There is also an accepted standard for ES
judgment: 0.2 is a small effect; 0.5 is a medium effect; 0.8 or
greater is a large effect (23).

SEM = /1 =7 x 1/ (% - X,)*/n—1 MCID = X
r

><SDbaseline X V1=

Where r is the reliability coefficient of the evaluation
questionnaire and the test-retest reliability coefficient is
generally used. If the test-retest reliability coefficient is
unknown, the Cronbach coefficient can be used instead. X can
be 1 (small effect), 1.96 (medium effect), or 2.77 (large effect)
(22-24).

TABLE 1 | Calculation formula of MCID based on anchor method.

Standard Sample size n Anchor difference D (Q29 Score difference) Scale field score difference d Mean (@)

A: One level away ny Dy=X4- Xo==+1 X1%o M
|

B: Atleast one level away 1z Dy=X1Xo=1,2,34,5,6 X1%o Ayttt O,

np
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RCI = ﬁ MCID = X x SDbaseline X 2(1 - r)

RCI, which is the change in questionnaire score divided by the
square root of the standard measurement error (25, 26).

Statistical Software
This survey used Epidata3.1 software to input data and SPSS 25.0
software to organize and analyze the data. The scores of various
domains and the total score of the scale and the MCID value of
breast cancer were calculated.

RESULTS

Social-Demographic and Clinical
Characteristics of Breast Cancer Patients
A total of 246 breast cancer patients were investigated in this
study, all of which were women. The age distribution was
between 17-77 years old. The average age was 50.07 + 10.25.
Among the patients, 5.3% were under 30 years old, 10.2% were
between 30 and 40 years old, 37.0% were between 40 and 50 years
old, 29.3% were between 50 and 60 years old, and 18.3% were
over 60 years old. The household economy was mostly medium,
accounting for 67.9% of the total population. The occupations
were mostly workers and farmers, with 20 workers (8.1%) and
112 farmers (45.5.0%), respectively. The majority of patients
were married, accounting for 97.2%. The most common
ethnicity was Han, accounting for 97%. The distribution of
educational level was mostly in Middle school or High school,
accounting for 60.2%. Medical insurance was mostly used in
medical forms, accounting for 91.9%. Medical treatment
insurance included medical insurance for urban residents,
medical insurance for urban workers, cooperative medical
treatment, and commercial medical insurance. TNM stages
were distributed between I-IV stages, with 53 being stage I

(21.5%), 86 stage II (35.0%), 54 stage III (22.0%), and 27 stage
IV (11.0%), respectively. See Table 2 in detail.

MCIDs of the Anchor-Based Method

The correlation coefficient between the Q29 and QLICP-BR
(V2.0) score in the EORTC QLQ-C30 scale was calculated
using the Q29 item “How do you evaluate your total health
condition in the past week” as an anchor, and r = 0.651
was obtained.

According to standard A, patients with a difference of one
grade on Q29 before and after treatment were screened, 116 cases
were effective, and the QLICP-BR (V2.0) scores in each domain
and the total scale score difference before and after treatment
were calculated.

In regard to socio-demographic and clinical characteristics of
the sample based on Standard A, 116 (100%) patients were female,
78 (67.2%) were aged between 40 and 60 years old. Most of them
had medium family income (69%) and had middle school
education (64.7%). 54 (46.6%) were farmers, 100 (94.8%) were
married, 112 (96.6%) were Han nationality, 107 (92.2%) had
medical insurance. On clinical stages, the cases distributed in the
four stages of TNM I, I, III, IV were 29, 38, 21, 14, respectively.

According to standard B, patients with at least one grade
difference in Q29 before and after treatment were screened. A
total of 166 patients were effective. The scores of QLICP-BR
(V2.0) in each domain and the total scale score difference before
and after treatment were calculated.

In terms of socio-demographic and clinical characteristics of
the sample based on Standard B, all of the 166 patients were
female, and 112 (67.5%) were aged between 40 and 60 years old.
Most of them had medium family income (67.5%) and middle
school education (64.4%). 81(48.8%) were farmers, 160 (96.4%)
were married, 162 (97.6%) were Han nationality, and 155(93.4%)
had medical insurance. On clinical stages, the cases distributed in
the four stages of TNM L, IL, III, IV were 38, 59, 31, 22, respectively.

TABLE 2 | Socio-demographic and clinical characteristics of the Sample (n = 246).

Characteristics N % Characteristics N %
Gender Marital status
Male 0 0 Married 239 97.2
Female 246 100 Others 7 2.8
Age Ethnicity
<30 13 5.3 Han 237 96.3
30-40 25 10.2 Others 9 3.7
40-50 91 37.0 Education
50-60 72 29.3 Primary school 65 26.4
>60 45 18.3 Middle school or High school 148 60.2
College/University 33 134
Economic Medical insurance
Poor 52 211 Self-paid/Private insurance 20 8.1
Fair 167 67.9 Medical insurance 226 91.9
High 27 11.0 TNM
Occupation | 53 21.5
Worker 20 8.1 Il 86 35.0
Farmer 12 45.5 1l 54 22.0
Others 114 46.3 v 27 1.0
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Then, the mean and standard deviation of the difference
between the scores of each domain and the total scale under
the two standards were calculated and the mean of the difference
as MCID was recorded. The results are shown in Table 3.
According to standard A, the MCID values of physical domain
(PHD), psychological domain (PSD), social domain (SOD),
common symptoms and side effect domain (SSD), core/general
module (CGD), specific domain (SPD) and the total scale (TOT)
were 16.24, 11.37, 11.31, 12.07, 11.49, 10.69 and 11.23,
respectively. According to standard B, the MCID values of
PHD, PSD, SOD, SSD, CGD, SPD and TOT were 18.88, 15.14,
14.10, 14.50, 13.93, 12.17, and 14.23, respectively.

MCIDs of the Distribution-Based Methods
The distribution-based method estimates MCID based on the
observed distribution of score changes. The MCID results of
breast cancer were calculated using three variation indexes: ES,
SEM, and RCI. We calculated the MCID results using the three
indicators respectively as shown in Tables 4-6.

As can be seen from Table 4, when ES = 0.2, the MCID values
for each domain and the total scale were 2.28, 2.58, 2.09, 2.63,
1.70, 2.43 and 1.74, respectively. When ES = 0.5, the MCID
values of each domain and the total scale were 5.71, 6.46, 5.22,
6.56, 4.25, 6.08 and 4.35, respectively. When ES = 0.8, the MCID

values of each domain and the total scale were 9.14, 10.34, 8.34,
10.54, 6.79, 9.73 and 6.96, respectively.

The MCIDs calculated for above domains/the total when
SEM was used as an intermediary index were 4.27, 5.63, 4.43,
5.10, 3.80, 5.01 and 3.99, respectively. The MCIDs calculated for
above domains/the total when 1.96SEM was used as the
intermediary index were 8.38, 11.04, 8.67, 10.00, 7.44, 9.83 and
7.81, respectively.

The MCIDs calculated for above domains/the total when RCI
was used as the intermediary index were 6.04, 7.96, 6.26, 7.21,
5.37,7.09 and 5.64, respectively. The MCIDs calculated for above
domains/the total when 1.96RCI was used as the intermediary
index were 11.84, 15.61, 12.27, 14.14, 10.52, 13.90 and 11.05,
respectively. The MCIDs calculated for above domains/the total
when 2.77RCI was used as the intermediary index were 16.74,
22.06, 17.33, 19.98, 14.87, 19.64, and 15.62, respectively.

DISCUSSIONS

MCID is a difference score that is sufficient to reflect the effect on
patients after clinical treatment, and its main function is to help
clinical and research personnel to determine whether changes in
the score of the scale have clinical significance. Clearly, clinicians

TABLE 3 | The MCID value of QLICP-BR (V2.0) determined by anchor-based method (na = 116, ng = 166).

Domain Items Standard A Standard B Standard A MCID Standard B MCID
X*S X*S
Physical domain (PHD) 8 16.24 + 10.65 18.88 + 12.31 16.24 18.88
Psychological domain (PSD) 9 11.37 £9.24 15.14 £ 12.51 11.37 15.14
Social domain (SOD) 8 11.31 £8.08 14.10 £ 13.80 11.31 14.10
Common symptoms and side effect domain (SSD) 7 12.07 + 8.69 14.50 + 12.08 12.07 14.50
Core/general module (CGD) 32 11.49 + 7.41 13.93 + 9.26 11.49 13.93
Specific domain (SPD) 10 10.69 + 8.34 1217 +9.83 10.69 1217
Total (TOT) 42 11.23 £ 7.47 14.23 £ 9.63 11.23 14.23
TABLE 4 | The MCID value of QLICP-BR (V2.0) determined by ES (n = 246).
Domain SDypaseline 0.2ES 0.5ES 0.8ES
Physical domain (PHD) 11.42 2.28 5.71 9.14
Psychological domain (PSD) 12.92 2.58 6.46 10.34
Social domain (SOD) 10.43 2.09 5.22 8.34
Common symptoms and side effect domain (SSD) 13.17 2.63 6.56 10.54
Core/general module (CGD) 8.49 1.70 4.25 6.79
Specific domain (SPD) 12.16 2.43 6.08 9.73
Total (TOT) 8.70 1.74 4.35 6.96
TABLE 5 | The MCID value of QLICP-BR (V2.0) determined by SEM (n = 246).
Domain r SDpaseline SEM 1.96SEM
Physical domain (PHD) 0.86 11.42 4.27 8.38
Psychological domain (PSD) 0.81 12.92 5.63 11.04
Social domain (SOD) 0.82 10.43 4.43 8.67
Common symptoms and side effect domain (SSD) 0.85 13.17 5.10 10.00
Core/general module (CGD) 0.80 8.49 3.80 7.44
Specific domain (SPD) 0.83 12.16 5.01 9.83
Total (TOT) 0.79 8.70 3.99 7.81
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TABLE 6 | The MCID value of QLICP-BR (V2.0) determined by RCI (n = 246).

Domain r

Physical domain (PHD) 0.86
Psychological domain (PSD) 0.81
Social domain (SOD) 0.82
Common symptoms and side effect domain (SSD) 0.85
Core/general module (CGD) 0.80
Specific domain (SPD) 0.83
Total (TOT) 0.79

SDpaseline RCI 1.96RCI 2.77RCI
11.42 6.04 11.84 16.74
12.92 7.96 15.61 22.06
10.43 6.26 12.27 17.33
1317 7.21 1414 19.98
8.49 5.37 10.52 14.87
12.16 7.09 13.90 19.64
8.70 5.64 11.05 15.62

also need a systematic way to assess the perceived benefit of a
certain treatment based on individual patient improvement
relative to both cost and risk of complications (27). At the
same time, it can also further explain the score of the scale, so
as to provide a scientific basis for clinical and scientific
researchers to deal with patients of different degrees more
specifically (28). Therefore, it is critical that the MCID score is
a valid and stable measure. A low MCID may result in
overestimating the positive effects of treatment, whereas a high
MCID value may incorrectly classify patients as failing to
respond to treatment when in fact the treatment was
beneficial (26).

In clinical studies, a lot of methodological approaches have
been reported to calculate MCID such as the anchor-based
method, distribution-based method, expert opinion method,
literature analysis method, etc (29). In general, methodological
approaches can be classified into two broad groups: anchor-
based and distribution-based (29-32). The two kinds of methods
can get a variety of results from different angles, which is
conducive to comparison and user selection according to the
situation. But each method has its advantages and disadvantages.
An anchor-based approach relies on external calibration, which
must be easy to interpret and strong in relation to the quality of
life. But choosing different anchors will result in different MCID
values. The distribution-based method takes into account the
measurement error and also has a specific calculation formula,
which is easy to implement, but easily affected by sample size (33,
34). Therefore, most scholars recommend applying multiple
methods where the anchoring method is used as the main
method and the distribution method is used as a supplement
to determine MCID.

The EORTC-QLQ-C30 is a 30-item health-related quality of
life questionnaire for cancer patients. Q30(How would you rate
your overall quality of life during the past week)? and Q29 (How
would you rate your overall health during the past week)? in the
scale are comprehensive items and are often used as anchors. We
calculated the correlation coefficients of Q29, Q30 and QLICP-
BR (V2.0) scales respectively. The correlation coefficients were
0.651 and 0.588, respectively. Obviously, the correlation
coefficient between Q29 and scale score is larger. At the same
time, the content of Q29 is easier to be understood by patients.
Therefore, we choose Q29 as the anchor. In this study, using the
anchor-based method, according to standard A, the MCIDs of
PHD, PSD, SOD, SSD, CGD, SPD and TOT were 16.24, 11.37,
11.31, 12.07, 11.49, 10.69 and 11.23, respectively; ranging from
10.69 to 16.24 points. According to standard B, the MCIDs of
PHD, PSD, SOD, SSD, CGD, SPD and TOT were 18.88, 15.14,

14.10, 14.50, 13.93, 12.17 and 14.23, respectively, ranging from
12.17 to 18.88 points. It can be seen that according to criterion A,
patients are more likely to obtain meaningful clinical change
values; in other words, the quality of life of breast cancer patients
is more likely to be judged as improved.

However, the selected anchor Q29 and the total scale score
correlation coefficient r was 0.651, which is not too high and may
affect the reliability of MCID. In addition, the selected anchor is
relatively single, which may cause unstable results. So, we
continued to use the distribution-based method and calculated
the MCID under the three variation indicators of ES, SEM,
and RCL

In the distribution-based MCID study, When ES = 0.2, ES =
0.5, and ES = 0.8 were used as intermediary indicators, the MCID
values of the scores for each domain and the overall scale were
ranged from 1.70 to 2.63 points, 4.25 to 6.56 points, and 6.79 to
10.54 points, respectively. The MCIDs of the scores for each
domain and the overall scale calculated with SEM and 1.96SEM
as the intermediary indicators were ranged from 3.80 to 5.63
points and 7.44 to 11.04 points, respectively. When RCI,
1.96RCI, and 2.77RCI were used as the intermediary index, the
calculated MCIDs of the scores for each domain and the overall
scale were ranged from 5.37 to 7.96 points, 10.52 to 15.61 points,
and 14.87 to 22.06 points, respectively.

In the evaluation of clinical efficacy, the clinicians and
researchers can judge clinical significance by these MCIDs.
Taking 0.5ES method as an example, the overall QOL of
patients can be evaluated as clinical significance when the QOL
change before and after treatment is over 4.35 points for its MCID
is 4.35. Similarly, the MCID of the MFSI-SF identified by Chan A
etal. ranged from 4.50 to 10.79 points, and can be used to interpret
the clinical significance of fatigue deterioration in patients with
breast cancer (35). Quinten C et al. evaluated the short and long-
term effects of chemotherapy on the reported quality of life (QOL)
and patient-clinician symptom reporting in older breast cancer
patients with an MCID of 10. Results showed that symptom
burden and diminished QOL in an older breast cancer population
receiving adjuvant TC chemotherapy are short-lived and
disappear after a while with no long-term differences compared
to a similar population not receiving chemotherapy (36).

In this study, anchor method and distribution method were
used to calculate MCID of breast cancer. When the MCID
calculated by anchor method is smaller than that calculated by
distribution method or the correlation coefficient between the
selected anchor and the measured scale is small (the absolute
value r at least 0.5 is currently recommended), the results of the
distribution method are recommended as the MCIDs of breast
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cancer (37). In the calculation of MCID, the anchor method is
generally preferred. However, the distribution method is also
considered comprehensively if there is no good anchor or the
number of patients is not large.

In summary, the MCID value calculated by the two standards
of the anchor method was similar to 0.8ES, 1.96SEM, and
1.96RCI. Therefore, these indicators should be given priority in
the development of MCID for breast cancer.

Similar results have also been obtained in developing MCID
for breast cancer in foreign countries. Alexandre Chan et al. used
the anchor-based method, distribution-based method, and ROC
curve method to develop the MCID of breast cancer, and the
results showed that the MCID of the MFSI-SF identified by all
ranged from 4.50 to 10.79 points (38). Yin Ting Cheung et al.
used the anchor-based method, distribution-based method, and
ROC curve method to develop MCID for breast cancer, and the
results were as follows: the estimates of 6.9-10.6 points as MCID
can facilitate the interpretation of patient-reported cognitive
weakness and sample size in future studies (39). These results
are similar to the result of our study, but the MCID value of
breast cancer we developed was relatively higher than that of the
foreign results. This may be caused by the use of different scales
whose scores ranging from 0 to 100 and cultural differences
between China and foreign countries.

From the results obtained, we conclude that the MCID value
calculated by the two standards of the anchor-based method was
similar to 0.8ES, 1.96SEM, and 1.96RCI of the distribution-based
methods. Therefore, when selecting the minimal clinical
important difference for breast cancer patients, the results of
the anchor-based method can be used preferentially, also 0.8ES,
1.96SEM, 1.96RCI of distribution-based methods can be used.

Of course, this study has certain limitations. The methods
used in this study include the anchor-based method and the
distribution-based method. Other methods can also be used to
formulate MCID such as the ROC curve method and the
response cumulative distribution function method.
Additionally, the sample size of this subject research can be
expanded to make the MCID more stable. In future studies, the
sample size of breast cancer patients will be expanded, and
multiple methods will be used to jointly develop MCID for
breast cancer, so as to ensure more stable results.
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Background: Breast reconstruction is a promising surgical technique to improve health-
related quality of life (HRQoL) in patients with breast cancer. However, the long-term risk
factors associated with HRQoL after breast surgery are still unclear. Our aim was to
evaluate breast satisfaction and HRQoL following breast reconstruction to identify clinical
factors associated with each domain of BREAST-Q in the long-term.

Methods: Patient-reported BREAST-Q outcomes were analyzed 1 and 5 years after
breast reconstruction in a single-blinded, prospective study. Multiple regression analysis
was performed to identify the risk and protective factors associated with BREAST-Q
scores. These scores at 1 and 5 years were also compared across three types of
operation: mastectomy only, tissue expander/implant (TE/Imp), and a deep inferior
epigastric perforator (DIEP) flap.

Results: Surveys were completed by 141 subjects after 1 year and 131 subjects after 5
years. Compared to mastectomy only, breast reconstruction was significantly associated
with greater “Satisfaction with breasts” (TE/Imp, p < 0.001; DIEP, p < 0.001) and
“Psychosocial well-being” (TE/Imp, p < 0.001; DIEP, p < 0.001), higher body mass
index (BMI) resulted in lower “Satisfaction with breasts” (p = 0.004), and a history of
psychiatric or neurological medication was significantly associated with “Physical well-
being” at 1-year postoperatively (p = 0.02). At 5 years, reconstructive procedures were
significantly positively associated with greater “Satisfaction with breasts” (TE/Imp, p <
0.001; DIEP, p < 0.001) and “Psychosocial well-being” (TE/Imp, p = 0.03; DIEP, p <
0.001), and a bilateral procedure was a significant risk factor for lower “Psychosocial well-
being” (p = 0.02).

Conclusions: The results of this study show that breast reconstruction improves
“Satisfaction with Breasts” and “Psychosocial well-being” compared to mastectomy.
Among all three types of operation, DIEP gave the best scores at 5 years postoperatively.
Thus, autologous reconstruction is recommended for promotion of long-term HRQoL
after breast surgery.

Keywords: breast reconstruction, tissue expander, breast implant, DIEP, BREAST-Q, health-related quality of life
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Patient Satisfaction Following Breast Reconstruction

INTRODUCTION

More than 2 million women worldwide receive a new diagnosis of
breast cancer every year (1-3). The number of women surviving
breast cancer has increased due to improvements of treatment in
many countries, including in Japan (4, 5). Postoperative
complications such as lymphoedema, axillary web syndrome
(AWS), and fatigue may reduce health-related quality of life
(HRQoL) (6-8), but patients also have the opportunity to receive
breast reconstruction after mastectomy, which can significantly
improve HRQoL (9). Factors associated with HRQoL include
satisfaction with appearance, psychological well-being, and
physical function. In patients with breast cancer, some studies
have shown that aesthetic outcome also influences HRQoL (10, 11).

Multiple questionnaires have been used to measure patient-
reported outcomes (PROs) after breast surgery for patients with
breast cancer. However, until the turn of the century, few
instruments had sufficient evidence for specific use in these
patients due to limitations in certain areas, including aesthetics
and body perception (12). In 2009, the BREAST-Q questionnaire
was developed to meet this need, as a validated PRO
measurement specific to breast surgery. Since its release, the
BREAST-Q has greatly improved studies of satisfaction with
breast surgery from the patient’s perspective (13-16).

Previous studies using the BREAST-Q questionnaire have
established that breast reconstruction provides higher levels of
patient satisfaction. Most of these studies had short follow-up
periods of up to 1 year and limited comparison groups (17-25).
In addition, satisfaction with breast reconstruction may change,
even over a short period of time (26-28). Long-term satisfaction
is important after breast reconstruction, but how satisfaction and
HRQoL change years after the initial operation is still unclear.

To investigate these issues further, we performed a long-term
prospective survey of patients with breast cancer who underwent
breast surgery including breast reconstruction. The objective was
to evaluate HRQoL in a Japanese population following breast
reconstruction to identify clinical factors that predict higher or
lower BREAST-Q scores in long-term survivors.

MATERIAL AND METHODS

Subjects and Experimental Design

We prospectively analyzed clinical data for all consecutive
patients with breast cancer who underwent breast
reconstruction performed by three surgeons at a single center
from January 2016 to April 2017. Patients were enrolled in the
study if they fulfilled the following criteria: (1) age 218 years, (2)
undergoing mastectomy only or first-time unilateral or bilateral
post-mastectomy breast reconstruction using a tissue expander/
implant (TE/Imp) or a deep inferior epigastric perforator (DIEP)
flap, and (3) not meeting exclusion criteria of surgical
complications such as implant loss or flap loss that could affect
long-term results, death, or a poor understanding of the study
due to severe neurological or psychiatric disorders. For power
analysis, a 10-point difference in HRQoL (BREAST-Q) score was
taken to indicate a clinically relevant difference (minimally

important difference: MID) based on a previous study (29).
Using alpha of 0.05, a standard deviation of 5-10 points from
our previous study (30) and beta of 0.80, at least 34 patients per
arm were required for significance. Advice on statistical analysis
was provided by Statista (Kyoto, Japan), a medical statistics
support company. As the scheduled date of closure was
reached, enrollment was stopped in April 2017 before reaching
the planned sample size.

Data Collection and Measurements

All subjects provided demographic data. Smoking was divided
into past and current. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared. Clinical
characteristics, type of breast surgery, therapy after mastectomy
(radiotherapy, chemotherapy, and/or hormone therapy), and
history of psychiatric or neurological illness and medication
were obtained from medical records.

BREAST-Q Survey

The BREAST-Q is a validated PRO measure developed at Memorial
Sloan Kettering Cancer Center and the University of British
Columbia (13, 14). We focused on three BREAST-Q domains:
“Satisfaction with breasts”, “Psychosocial well-being”, and “Physical
well-being”. Each domain score was obtained by transforming the
scale item responses with the Q-score software program. The
transformed scores range from 0 to 100 and higher scores indicated
greater satisfaction or QOL. The Japanese version of the BREAST-Q
survey was administered prior to surgery after consultation with the
surgical oncologist and plastic surgeon, and at 1 and 5 years after
completion of surgery (31). At these time points, surveys were given
to patients at an office visit or mailed to the patient’s home.

Statistical Analysis

Statistical analyses were performed using JMP Pro v.14.0 (SAS
Institute Inc., Cary, NC) and SPSS v.26.0 (IBM Corp., Armonk,
NY). Continuous variables are shown as the mean + standard
deviation (SD) and categorical variables as a number (percentage).
A multiple linear regression model was constructed for
identification of significant factors for HRQoL. A Mann-Whitney
U test was used to compare data between years, and a post-hoc
Tukey test was used for comparison between operative procedures.
P < 0.05 was considered to be significant in all analyses.

Ethics Approval

All procedures were approved by the local research ethics
committee (Kyoto Prefectural University of Medicine:
IRBMED Number ERB-C-563-1) and were conducted in
accordance with the Declaration of Helsinki. Informed consent
was obtained from all subjects.

RESULTS

Among 213 potential subjects, 8 were excluded due to implant
loss (n=1), flap loss (n=2), and difficulty understanding the study
because of severe neurological or psychiatric disorders (n=5). All
patients received immediate reconstruction. Questionnaire
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surveys were sent to the home addresses of 205 subjects in the
year after the operation. Written informed consent and answers
were obtained from 141 at 1 year and 131 at 5 years
postoperatively, giving response rates of 68.8% and 63.9%,
respectively (Figure 1).

The demographic and clinical characteristics of the 141 subjects
at 1 year and 131 subjects at 5 years are shown in Table 1. The
subjects were 53.0 £ 12.9 years old and had a BMI of 22.3 + 3.41 kg/
m®. The surgical procedures were TE/implant reconstruction
(27.4%), mastectomy only (35.0%), and DIEP flap reconstruction
(37.6%). Most patients underwent unilateral surgery (94.9%).

Regression analyses for patient-reported aesthetic satisfaction
across 3 domains (“Satisfaction with breasts”, “Psychosocial well-
being”, and “Physical well-being”) with mastectomy only, TE/
Imp and DIEP at 1- and 5-year follow-up after surgery are listed
in Table 2. These data were controlled for age, BMI, laterality,
type of operation, radiation, chemotherapy, smoking, and
psychotic/neurological medical history or medication.

At 1-year postoperatively, “Satisfaction with breasts” was
significantly impaired in patients with higher BMI (coefficient
(B) -0.20, 95% confidence interval (CI) -1.89 to -0.38, p = 0.004).
Compared to mastectomy only, TE/Imp and DIEP were both
positively associated with “Satisfaction with breasts” (TE/Imp: B
-0.61, 95%CI 16.62 to 30.51, p < 0.001; DIEP: B 0.64, 95% CI
21.31 to 35.81, p < 0.001) and “Psychosocial well-being” (TE/
Imp: B 0.43, 95% CI 8.71 to 26.80, p < 0.001; DIEP: f§ 0.35, 95%
CI 7.05 to 25.61, p < 0.001) at 1 year. History or medication for a
psychotic/neurological condition was associated with greater
“Physical well-being” (B 0.20, 95% CI 2.00 to 22.91, p = 0.02)
at 1 year. At 5 years, compared to mastectomy only, TE/Imp and

TABLE 1 | Demographics of the subjects.

Initial Registration N =213

Exclusion
Implant loss
> N=1
Flap loss
N=2
Difficulty understanding the study
N=5

v

Questionnaire N = 205

¥

Returning the questionnaire
at | year after operation
N =141, 68.8%

¥

Returning the questionnaire
at 5 years after operation
N=131,63.9%

FIGURE 1 | Inclusion and exclusion of subjects.

DIEP were positively associated with “Satisfaction with breasts”
(TE/Imp: B 0.46, 95% CI 7.62 to 21.62, p < 0.001; DIEP: B 0.64,
95% CI 15.82 to 29.52, p < 0.001) and “Psychosocial well-being”
(TE/Imp: B 0.25, 95%CI 0.95 to 20.29, p = 0.03; DIEP: [ 0.40,

Item Responders after 1 year Responders after 5 years
N Percent N Percent
Number of patients 141 100% 131 100%
Age (years), mean (SD) 53.2 (13.1) 52.8 (12.8)
BMI (kg/m?), mean (SD) 22.0 (3.41) 22.2 (3.45)
Lesion
Bilateral 8 5.7% 7 5.3%
Unilateral 133 94.3% 124 94.7%
Type of operation
Mastectomy only 51 36.2% 45 34.4%
TE/Imp 56 39.7% 53 40.5%
DIEP 34 24.1% 33 25.2%
Radiotherapy
No 108 76.6% 99 75.6%
Yes 33 23.4% 32 24.4%
Chemotherapy/hormone therapy
No 78 55.3% 68 51.9%
Yes 63 44.7% 63 48.1%
Smoking
Never 108 76.6% 100 76.3%
Past 30 21.3% 29 22.1%
Current 3 2.1% 2 1.5%
Psychotic/neurological medical history or medication
No 133 94.3% 123 93.9%
Yes 8 5.7% 8 6.1%

SD, Standard deviation; BMI, Body mass index; TE/Imp, tissue expander/implant; DIEP, deep inferior epigastric perforator.
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TABLE 2 | Multiple regression analysis of factors associated with increased satisfaction or QOL for BREAST-Q domains.

Independent Satisfaction with breasts Psychological well-being Physical well-being
Variable
Year 1 Year 5 Year 1 Year 5 Year 1 Year 5
Coefficient P value Coefficient P value Coefficient P value Coefficient P value Coefficient P Coefficient P
value value

Age 0.03 0.73 0.12 0.23 0.06 0.55 -0.07 0.51 -0.12 0.24 -0.78 0.49
BMI -0.20 0.004** -0.07 0.40 -0.07 0.39 -0.02 0.85 0.01 0.91 0.17 0.08
Lesion

Unilateral Reference Reference Reference Reference Reference Reference

Bilateral -0.06 0.35 -0.10 0.25 -0.12 0.15 -0.11 0.15 0.00 0.99 -0.07 0.53
Type of Operation

Mastectomy  Reference Reference Reference Reference Reference Reference
Only

TE/ Imp 0.61 < 0.001*** 0.46 < 0.001*** 0.43 < 0.001*** 0.25 0.038* 0.02 0.88 -0.08 0.53

DIEP 0.64 < 0.001** 0.64 < 0.001** 0.35 < 0.001** 0.40 < 0.001** 017 0.11 -0.09 0.43
Preoperative Radiation

No Reference Reference Reference Reference Reference Reference

Yes 0.02 0.79 0.10 0.26 0.01 0.87 0.12 017 0.08 0.37 0.16 0.10
Chemotherapy

No Reference Reference Reference Reference Reference Reference

Yes 0.05 0.50 0.12 0.14 0.17 0.06 -0.05 0.60 -0.05 0.60 0.07 0.44
Smoking
Never Reference Reference Reference Reference Reference Reference

Past 0.94 0.17 -0.08 0.29 0.10 0.23 0.11 0.18 -0.07 0.46 -0.04 0.63

Current -0.54 0.43 0.03 0.71 0.06 0.47 0.05 0.57 -0.07 0.54 -0.01 0.93
Psychotic/Neurological Medical History or Medication

No Reference Reference Reference Reference Reference Reference

Yes -0.02 0.83 0.038 0.73 -0.05 0.56 -0.15 0.84 0.20 0.02* 0.17 0.08

BMI, Body mass index; TE/Imp, tissue expander/implant; DIEP, deep inferior epigastric perforator.

*P < 0.06. **P < 0.005. **P < 0.001.

95%CI 9.32 to 28.53, p < 0.001). In addition, “Psychosocial well-
being” significantly improved in patients with a bilateral
procedure at 5 years (8 0.20, 95% CI -34.31 to -2.90, p = 0.02).
No factors were significantly associated with “Physical well-
being” at 5 years.

Comparisons of BREAST-Q scores among operative
procedures in each year are shown in Figure 2. Mastectomy
scored significantly lower than TE/Imp and DIEP for
“Satisfaction with breasts” and “Psychosocial well-being” (both
p <0.001) at 1 year (all p < 0.001; Figures 2A, B) and 5 years (all
p < 0.001, except p = 0.007 vs. DIEP for “Satisfaction with
breasts”; Figures 2D, E). In addition, at 5 years, DIEP scored
significantly higher than TE/Imp for “Satisfaction with breasts”
(p < 0.001) (Figure 2D). Detailed results are shown in Table S1.

Comparisons of BREAST-Q scores between 1- and 5-year
follow-up evaluations for each operative procedure are shown in
Figure 3. Scores at 5 years were significantly lower than those at
1 year for “Satisfaction with breasts” for all three procedures
(mastectomy only, p = 0.012; TE/Imp p < 0.001; DIEP, p < 0.001;
Figures 3A, D, G) and for “Physical well-being” for two
procedures (TE/Imp, p = 0.007; DIEP, p = 0.008; Figures 3E,
H). Detailed results are shown in Table S2.

DISCUSSION

In this study, general and aesthetic satisfaction with breast
operations including reconstruction were investigated at 1 and 5

years postoperatively in Japanese women. The main finding was
that the type of operation was significantly associated with HRQoL-
related domains of BREAST-Q atboth 1 and 5 years in multivariate
analysis. Over time, all surgical procedures had lower scores for
“Satisfaction with breasts”, but “Psychosocial well-being” was
maintained and “Physical well-being” improved after TE/Imp
and DIEP. “Satisfaction with breasts” and “Psychosocial well-
being” were lowest for mastectomy only at 1 and 5 years, and
“Satisfaction with breasts” at 5 years was best after DIEP.

To our knowledge, there have been few long-term studies of
HRQoL after breast surgery. Long-term evaluations of 5 years or
more that have been performed are shown in Table 3 (32, 33, 35,
36). In the current study, the response rate and score for
“Satisfaction with breasts” declined from postoperative year 1
to year 5. The lower response rate is consistent with previous
studies showing a decline in response rate for PROs over time, as
patients lose interest in the aesthetic impact of breast surgery
(37-41). A lower score at a later time has also been found
previously (42, 43) and is due to patients becoming used to the
results of reconstruction over time. Thus, the time after the
operation is an important factor associated with HRQoL.

Among patient factors, higher BMI was significantly negatively
associated with “Satisfaction with breasts” at 1-year postoperatively,
but not at 5 years. This is consistent with several reports showing
that high BMI is an independent risk factor for lower satisfaction
(44-46). However, most of these studies did not obtain baseline data
using the preoperative module of BREAST-Q. Previous reports
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A “satisfaction with Breasts™ at 1 year B “Phychosocial Well-being” at | year C “Physical Well-being” at 1 year
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FIGURE 2 | Comparison of BREAST-Q scores among operative procedures in each year, with 95% confidence intervals. (A) “Satisfaction with breasts” at 1 year;
(B) “Psychosocial well-being” at 1 year; (C) “Physical well-being” at 1 year; (D) “Satisfaction with breasts” at 5 years; (E) “Psychosocial well-being” at 5 years;
(F) “Physical well-being” at 5 years. TE/Imp, tissue expander/implant; DIEP, deep inferior epigastric perforator. “P < 0.05.
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FIGURE 3 | Comparison of BREAST-Q scores in 1- and 5-year follow-up evaluations for three operative procedures, with 95% confidence intervals. (A) “Satisfaction
with breasts” in mastectomy only; (B) “Psychosocial well-being” in mastectomy only; (C) “Physical well-being” in mastectomy only; (D) “Satisfaction with breasts” in
TE/Imp; (E) “Psychosocial well-being” in TE/Imp; (F) “Physical well-being” in TE/Imp; (G) “Satisfaction with breasts” in DIEP; (H) “Psychosocial well-being” in DIEP;

(I) “Physical well-being” in DIEP. TE/Imp, tissue expander/implant; DIEP, deep inferior epigastric perforator. *P < 0.05.
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TABLE 3 | Comparison of long-term breast reconstruction studies using BREAST-Q.

Reference Patient Base Number BREAST-Q Scales Protective Risk factors
of Postop Follow- factors
Patients up Period
Hu et al. TE/Imp and TRAM 219 6.5 years*® Satisfacton ~ TRAM TE/Imp; early
(32) with breasts postoperative
period
Ledibabari  Mammoplasty 70 6 years® Satisfaction None Obesity
etal. (33) with breasts
Ticha et al.  Implant-based reconstruction, abdominal-based autologous 110 5 years Satisfaction Abdominal-based  None
(34 reconstruction, and combined reconstruction (with implant and LD with breasts  autologous
flap or implant and TDAP flap) reconstruction
Psychosocial Abdominal-based  None
well-being autologous
reconstruction
Physical well-  Abdominal-based  None
being autologous
reconstruction
Dominici Mastectomy, radiotherapy, and autologous flap 290 5.8 years™ Satisfaction None TE/Imp
et al. (35) with Breasts
Psychosocial  None None
well-being
Physical well-  None Complex
being reconstruction

(vs. autologous)

TE/Imp, tissue expander/implant; DIEP, deep inferior epigastric perforator; TRAM, transverse rectus abdominis myocutaneous; LD, latissimus dorsi flap; TDAP, thoracodorsal artery

perforator flap.
*Mean; **Median.

have also shown that obese patients tend to have higher rates of
postoperative complications. However, in the current study, higher
BMI at 5 years was not a risk factor, which suggests that these
complications had resolved or that patients had become used to
their postoperative status.

Psychotic/neurological medical history or medication was
found to be a significant risk factor that lowers “Physical well-
being” at 1 year after breast surgery. The questions in the
“Physical well-being” domain are related to physical problems,
including pain in the chest, back, abdomen or skin. Among
psychological factors, preoperative levels of depression, anxiety,
and psychological vulnerability to aberrant pain perception have
been reported to be significantly associated with greater
postoperative pain intensity, which may decrease physical
morbidity (47-51). However, in a previous study, we found no
significant association of psychotic/neurological medical history
or medication with postoperative pain at one year after breast
surgery in a similar cohort of Japanese patients to that in the
current study (52). Thus, more psychiatrically oriented pain such
as chronic postsurgical pain (CPSP) may have a negative effect
on “Physical well-being” of patients (53).

A bilateral procedure was significantly associated with
“Psychosocial well-being” at 5 years after breast surgery.
Several studies focusing on bilateral breast operations have
concluded that “Psychosocial well-being” after surgery
significantly improves compared to the preoperative level (54,
55). These findings suggest that patients who underwent bilateral
reconstruction were more satisfied due to improved symmetry
and a superior aesthetic appearance.

Age was not found to be a significant factor associated with
HRQoL among breast cancer survivors in the current study.

However, this is still controversial because some reports indicate
that implant and autogenous tissue techniques are associated with
aging processes that can affect aesthetic appearance (56-60), whereas
other studies did not find significant age-related differences using
BREAST-Q (61-64). Reconstructive surgeons may avoid autologous
reconstruction in older women due to complications following longer
anesthetic times, but our results indicate that autologous procedures
can be viable choices in older patients, given that age is not associated
with greater risks and that autologous reconstruction in this
population still achieves high HRQoL.

In this study, we focused on general and aesthetic well-being
after breast surgery. Postoperative complications such as
lymphedema, AWS, and fatigue can lower HRQoL, but
intervention through rehabilitation can improve satisfaction (6-
8). Risk factors for each complication have been described (65-68)
and there are also several predictive methods for the complications.
For example, de Sire et al. found that measuring the upper limb
volume using a three-dimensional laser scanner was a reliable way
to diagnose breast cancer-related lymphedema (69), and Nevola
Teixeira et al. established a self-assessment questionnaire for AWS
(70). A combination of BREAST-Q and these diagnostic methods is
a promising approach for evaluation of complications.

The main strength of the study is the long-term evaluation of
PRO:s for breast reconstruction. There are several limitations in the
study. The main limitation was the response rates of 68.8% at 1 year
and 63.9% at 5 years. However, these rates are similar to those in
previous reports (71-73). Patients were followed for up to 5 years,
but with such a long study period some could not be contacted or
may have died, and were lost to follow up. It is also possible that
there was a non-response bias, since patients who are still thinking
about the complications of their breast reconstruction are more
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likely to respond to a questionnaire. We also did not examine the
baseline status of the patients in terms of their well-being and
satisfaction, and we were unable to assess changes in BMI in the
postoperative period, which may influence patient satisfaction.
However, in a retrospective study, Applebaum et al. found no
significant change in BMI over time following implant-based or
autologous breast reconstruction (74). The current study was also
restricted to a single center with a relatively homogeneous patient
population and evaluation, which could lead to potential selection
bias. Finally, it was difficult to control for variability in operative
techniques of surgeons and management of postoperative
complications in statistical analysis.

In conclusion, the BREAST-Q score for “Physical well-being”
was maintained at 5 years after breast reconstruction, and breast
reconstruction procedures were better than mastectomy for
“Satisfaction with breasts” and “Psychosocial well-being”. DIEP
had the best scores among the three procedures at 5 years
postoperatively. Thus, autologous reconstruction using a DIEP
flap is recommended in terms of long-term satisfaction after
breast surgery. These results are clinically useful for the choice of
operative method by surgeons and patients. However, factors
such as ethnic and regional differences may affect the results in
other cohorts, and further research is required to promote better
satisfaction with HRQoL after breast reconstruction.
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Primary neuroendocrine carcinoma of the breast (NECB) is characterized with
heterogeneity, rarity, and poor differentiation, which is probably an underestimated
subtype of breast cancer, including small cell NECs and large cell NECs. The
diagnostic criteria for NECB have been constantly updated as the disease changes and
the understanding increases. According to the latest WHO Classification, primary
neuroendocrine neoplasm (NEN) of the breast consists of well-differentiated
neuroendocrine tumors (NET), extremely aggressive neuroendocrine carcinomas (NEC)
as well as invasive breast cancers of no special type (IBCs-NST) with neuroendocrine
differentiation. The accurate diagnosis of NECB remains a challenge for its low incidence,
which needs multi-disciplinary methods. For the rarity of the disease, there is a lack of
large samples and prospective clinical research. For these invasive tumors, there are no
standardized therapeutic guidelines or norms, and the treatment often refers to
nonspecific breast cancer. In addition, the prognosis of such patients remains
unknown. In 2003, the World Health Organization (WHQO) listed NECB as an
independent entity for the first time, while few features of NECB were clarified. In this
review, it presents the WHO Classification, clinicopathologic characteristics, diagnosis,
treatment, and prognosis of these patients. In addition, it summarizes the latest studies on
molecular features of NECB, aiming to provide new therapeutic perspectives for
the disease.

Keywords: primary neuroendocrine carcinoma of the breast, neuroendocrine neoplasia, clinicopathologic
characteristics, diagnosis, treatment, prognosis, literature review

INTRODUCTION

Neuroendocrine neoplasm (NEN) has features distinguished from other solid malignancies.
Neuroendocrine cells scatter around the whole body with the dual characteristics of nerve cell-like
structure and endocrine cell-like biological activity. As neuroendocrine cells are distributed throughout the
whole body, NENs may appear in nearly all organ systems. NEN frequently occurs in the
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gastroenteropancreatic system and the bronchopulmonary system
(1), and rare primary tumors occur in the skin, thyroid gland, bladder,
and larynx (2-4). Primary neuroendocrine carcinoma of the breast
(NECB) has characteristics of heterogeneity, rarity, and poor
differentiation, and it is an underestimated subtype of breast cancer.
Previous studies have reported that the incidence of NECB is variable
for the rarity of the disease and the developing diagnostic criteria. In
2003, the World Health Organization (WHO) officially defined
NECB as expressing neuroendocrine markers in more than 50% of
tumor cells. The WHO Classification of tumors of the breast in 2012
objected to the edition in 2003 and suggested that the diagnosis could
be confirmed regardless of the percentage (50% threshold) of tumor
cells expressing neuroendocrine biomarkers (5). The latest WHO
Classification 2019 unified NEN of the breast with that of other organ
systems based on histological features and defined NEN into well-
differentiated neuroendocrine tumors (NETs), highly aggressive
neuroendocrine carcinomas (NECs), and invasive breast cancers of
no special type (IBCs-NST) with neuroendocrine differentiation (6).

At present, there is no conclusion on the histogenesis of the
disease. The main clinical features of NECB are breast lump, skin
ulceration, bloody nipple discharge, and skin retraction, which
are similar to those of IBC-NST. Compared to invasive ductal
cancers of no special type (IDCs-NST), NECB is more likely to
present systematic metastasis at diagnosis. In addition to clinical
features, radiologic characteristics of NECB are nonspecific.
Most NECB patients show positive estrogen receptor (ER) and/
or progesterone receptor (PR) expression, implying that NECB is
part of the luminal-like type (7). There are certain differences
among NECB, IBC-NST, and IDC-NST in terms of
morphological features and neuroendocrine biomarkers, which
contribute to the diagnosis of NECB. Histogenesis and prognosis
of NECB are still ill-defined. In addition, there are no
standardized therapeutic guidelines or norms for these invasive
tumors, and treatment often refers to nonspecific breast cancer
reported in case reports and retrospective studies. Surgery
remains the primary treatment for IDC-NST followed by
taxane-based or anthracycline chemotherapy, endocrine
therapy, and targeted therapy according to the receptor status.
Given the low prevalence of NECB, knowledge is limited to case
reports and small retrospective studies, and the understanding of

the clinical features and management of this disease is limited. In
this review, we summarize the clinicopathologic characteristics,
diagnosis, treatment, and prognosis of these patients, and we
elaborate on the molecular features of NECB to provide new
therapeutic perspectives.

WHO CLASSIFICATION

Neuroendocrine differentiation in breast cancer was first
described in 1963 (8). In 1977, Cubilla and Woodruff
presented a few breast cancer cases with a carcinoid growth
pattern and produced the term breast primary carcinoid tumor
(9). In 1985, Bussolati et al. demonstrated positive chromogranin
A (CgA) expression in the normal mammary parenchyma,
offering definitive proof of neuroendocrine (NE) differentiation
(10). In 2000, Sapino et al. first proposed the diagnostic criteria
for NECB, and they considered breast carcinomas resembling
neuroendocrine tumors of the gastrointestinal tract and lungs in
morphological features, demonstrating significant expression of
neuroendocrine markers [greater than 50%, particularly CgA
and synaptophysin (Syn)] (11).

Until 2003, the WHO Classification (the Third Edition)
recognized that breast NETs were an independent breast entity
(Table 1), and NECB was defined by morphological
neuroendocrine features similar to those of gastrointestinal/
pulmonary NETs. NETs of the breast were defined as tumors
of epithelial origin with neuroendocrine marker (CgA and/or
Syn) expression in more than 50% of tumor cells. These cancers
were classified as large cell carcinomas, small cell/oat cell
carcinomas, and solid NECs based on morphological features.

In 2012, the WHO Classification objected to the edition in 2003,
indicating that diagnosis could be confirmed regardless of the
percentage (50% threshold) of tumor cells expressing
neuroendocrine biomarkers (Table 1). NECB was regarded as
“carcinomas with neuroendocrine features”, which was defined
by morphological traits resembling gastrointestinal/pulmonary
NETs. NENs were classified into three subgroups as follows:
well-differentiated NETs (NETs), poorly differentiated/small cell
carcinomas (NECs), and invasive carcinomas with neuroendocrine

TABLE 1 | Summary of different WHO classifications.

WHO Terminology Diagnosis
2003 Neuroendocrine ¢ Morphological features similar to those of NE tumors of both Gl tract and lung
tumor e Tumors of epithelial origin
® Expression of neuroendocrine markers in more than 50% of tumor cells
2012  Carcinomas with * Morphological features similar to those of NE tumors of both Gl tract and lung

Subgroups

e Large cell carcinomas

e Small cell/oat cell carcinomas
e Solid NE carcinomas

e NET, well differentiated

* NEC, poorly differentiated/
small cell carcinoma

¢ IBCs with NE differentiation
e NET, well differentiated

e NEC, poorly differentiated
(small cell NECs; large cell
NECs)

neuroendocrine e Express NE markers regardless of the percentage (50% threshold) of tumor cells
features * Include IBCs-NST and special subtypes with NE differentiation

2019  Neuroendocrine *>90% NE histological features or NE marker expression
neoplasm e Exclude solid papillary carcinoma and hypercellular subtype of mucinous carcinoma
IBCs-NST with *<90% NE histological features or NE marker expression 10-90%: mixed invasive (NST or other special
neuroendocrine type) and NECs <10%: invasive NST or other special types commented on the focal NE pattern
features
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differentiation. The third group included IBC-NST and special
subtypes with neuroendocrine differentiation (solid papillary
carcinoma and mucinous carcinoma with neuroendocrine
differentiation). However, this edition had small cell NEC but not
large cell. The NET and NEC groups presented similar
morphological traits as their gastrointestinal/pulmonary
counterparts (5).

In 2019, the WHO Classification in the Fifth Edition (Table 1)
unified NECB with NEN of other organ systems based on
histological features to decrease confusion and inconsistencies in
classifications, terminology, histologic grading criteria, and TNM
staging. Within this framework, the terminology neuroendocrine
neoplasms was introduced, including tumors with prominent
neuroendocrine differentiation (presence of histologic
neuroendocrine features in more than 90% of the tumor cells),
and NEN was defined as NET when well differentiated and NEC
when poorly differentiated. NEC was further divided into small-cell
NECs and large-cell NECs. Furthermore, solid papillary carcinoma
and the hypercellular subtype of mucinous carcinoma were
excluded. Breast NETs were graded on the basis of the
Nottingham grading system, which comprehensively evaluates
the proportion of glandular tube formation, nuclear
pleomorphism, and mitotic count in invasive breasts, with the
quantity of mitoses continuing to be the main parameter in grading
systems (6). In addition, if neuroendocrine biomarker expression or
histological features make up <90% of the tumor area, it is defined as
an IBC-NST with neuroendocrine features. When cancers have a
10-90% NEN pattern, the terminology of mixed invasive (NST or
other special type) or NEC may be used, and the NEC percentage
should be reported. Cancers with <10% NEN pattern should be
classified as NST or other special types with an option to describe
the focal specialized neuroendocrine pattern in the
report comment.

EPIDEMIOLOGY AND CLINICAL FEATURES

The changes in classification and different morphological and
immunohistochemical criteria for the diagnosis of NECB from
2003 to 2019 result in a lack of uniformity in the terminology and
definition of NECs, thereby hindering an accurate assessment of
the incidence of NECB. Accordingly, the reported morbidity is
extremely variable, ranging from 0.1% to 19.5% (12, 13). Wang
et al. analyzed 381,644 cases of breast cancer from the database of
surveillance, epidemiology, and end results (SEER). The results
showed that according to the WHO diagnostic criteria of 2003,
only 0.1% of breast cancer is NECB, which is lower than the 2-
5% reported by the WHO in 2012 (5), suggesting that NECB may
be underestimated because immunohistochemical (IHC)
examination for neuroendocrine biomarkers is not routinely
performed and cytomorphologic evaluation underestimates
neuroendocrine differentiation. Therefore, it is difficult to
confirm the true incidence of NECB (14).

NECB is a particular histologic subtype of breast cancer with
similar morphological characteristics to gastrointestinal/lung
NETs while displaying some degree of heterogeneity, including

certain features that are usually difficult to identify from IBC-
NST. Therefore, NECB may be misdiagnosed as metastatic breast
cancer, carcinomas of IDC-NST, or breast carcinoma with
neuroendocrine differentiation.

As the incidence of NECB is low, there is limited knowledge
about the specific clinical characteristics of NECB. Most of the data
comes from case reports and retrospective studies. The clinical
feature of NECB is mainly characterized by a solitary breast lump,
probably accompanied by skin ulceration, bloody nipple discharge,
skin retraction, palpable axillary mass, and breast discomfort (15).
Some people may have complications such as bone pain, respiratory
symptoms, abnormal liver function, hematuria, and neuralgia
caused by metastasis. While some people have no symptoms, they
occasionally discover the disease due to routine mammographic
screening. A few patients may suffer from carcinoid syndrome or
hormonal hypersecretion. Patient age at diagnosis is mainly
between the fifth and seventh decade of life (majority aged >60
years), ranging from 26 to 99 years, and most patients are
postmenopausal women with higher clinical stage and histologic
grade. However, few NECB patients are men (12, 15, 16). In
addition, a previous study has reported one 13-year-old NECB
patient (17). Several patients have a history of contralateral or
ipsilateral invasive carcinoma of no special type with a tumor size
ranging from 0.6 to 18.0 cm (mean: 2.3-3.7 cm), and approximately
40% of NECB has axillary lymph nodal metastasis at diagnosis (15,
16, 18, 19). Compared to IDC-NST, NECB patients are more likely
to present systematic metastasis at initial diagnosis, and the most
common metastatic sites are bone, liver, lungs, brain, bone marrow,
and pleura, and several cases involve skin (18, 20-22). In addition,
Kawasaki et al. reported peculiar endovascular spread (23).

There is limited understanding of the radiological features of
NECB, and its radiological characteristics are nonspecific. Some
studies have reported that NECB often exhibits the following
characteristics: as a round, oval, or lobular mass with
nonspiculated margins; a sharply circumscribed high-density
mass on mammography; a hypoechoic solid mass with
indistinct margins, which increases vascularity; and no
enhanced posterior echo or a cystic component on breast
sonograms (15, 24). Calcifications in NECB are uncommon in
comparison with occurrence in invasive breast cancer (15).
Magnetic resonance imaging has suggested an irregular mass
with ill-defined margins, washout kinetics, and a marginal or
heterogeneous internal enhancement pattern (15). In addition,
PET-CT with 68 gallium-labelled somatostatin analogues can be
used in well-differentiated NECB. 18-Fluorodeoxyglucose (FDG)
PET-CT can be performed in poorly differentiated NECB or
small cell carcinomas with high metabolic activity (25, 26). It is
imperative to differentiate primary NECB from metastatic
disease to the breast because it is common for metastatic
neuroendocrine tumors to occur from other sites to the breast.
Metastasis from other primary sites to the breast can be excluded
by suitable methods, such as chest, abdominal, and pelvic
computed tomography scans.

The diagnosis of NECB is based on morphological features
and neuroendocrine biomarkers, and a biopsy is necessary for a
definite diagnosis. Fine-needle aspiration (FNA) cytology may be
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inadequate for the diagnosis of NECB as the cytological features
of NECB are parallel to those of intraductal papilloma and IDCs.
Furthermore, the findings of FNA can be misinterpreted as
adenocarcinoma (24). Therefore, the diagnosis is established by
imaging-guided (ultrasound, stereotactic, or MRI guidance) core
needle biopsy or specimens after surgery. Differential diagnoses
include but are not limited to neuroendocrine tumors metastatic
to the breast, lymphoma, Merkel cell carcinoma, and melanoma
(27). The latest WHO diagnostic criteria for NECB stress the
obligation to exclude the probability of metastatic neuroendocrine
tumors from other organ systems because >97% of all
neuroendocrine carcinomas originate from the gastrointestinal
tract or lungs (1). It is not easy to differentiate these tumors in
some situations, but the appearance of an associated ductal
carcinoma component detected by histology is effective evidence
of primary NECB (6, 28, 29).

HISTOGENESIS AND HISTOPATHOLOGY

At present, the histogenesis of NECB is still unclear. Some
investigators have proposed that NECB does not originate
from pre-existing and/or hyperplastic neuroendocrine cells but
instead originates from differentiation events in breast cancer
because they could not detect neuroendocrine cells in breast
tissues (30). In contrast, Tomonori et al. demonstrated that
benign neuroendocrine cells appear in the background of
breast parenchyma with NECB and that they are arranged in
isolated/scattered, clustered, and circumferential patterns,
implying that neuroendocrine cell proliferation may be related
to a precancerous state in the histogenesis of NECB (31).
NECB has clinical and radiologic characteristics that are difficult to
distinguish from common types of breast cancers. Only
approximately 33% of NECB patients can be diagnosed by
morphology (32, 33). Consequently, the diagnosis of NECB is
made by histology and IHC staining of neuroendocrine markers
(Figure 1), which plays a critical role in improving the diagnostic rate
of NECB. NECB is supported by the appearance of neuro-secretory
granules and diffuse (more than 50%), uniform immunoreactivity for
neuroendocrine biomarkers. Generally, NECB lesions vary from

infiltrative mass lesions to well-circumscribed nodules, and some
may have a focal hemorrhage with most tan and firm tumors (32).
Histologically, low- or intermediate-grade invasive primary breast
NETs are morphologically indistinguishable from their counterparts
in the pulmonary region. Morphologically, the WHO definition
indicates that breast NET consists of dense cellular solid nests and/
or trabeculae of tumor cells in spindled, plasmacytoid, and polygonal
shapes with eosinophilic and granular or clear cytoplasm separated by
delicate fibrovascular stroma, rosettes, and peripheral palisading (6,
32). Although these tumors have similar cytological features, they
may have an in-situ component to indicate a mammary gland origin.
High Nottingham histologic grade NECB includes small cell NEC
and large cell NEC. Small cell NEC accounts for approximately 0.1%
of all breast cancers and 3-10% of extrapulmonary small cell
carcinomas. Small cell NEC may be caused by the specific
differentiation line of mammary cancer stem cells toward the
neuroendocrine/small cell type, which can occur at the in-situ stage
or later (at the invasive stage), rather than the malignant
transformation of specific neuroendocrine cells in the normal
breast tissue. Small cell NEC shows an infiltrative growth pattern
and is composed of densely packed, reasonably uniform, small, dark
hyperchromatic nuclei with a high N:C ratio, nuclear molding, scant
cytoplasm, inconspicuous nucleoli, and poorly defined cytoplasmic
boundaries (6). Similar to breast NETS, histologic and IHC profiles
are challenging to distinguish from their lung counterparts. Thus, the
appearance of ductal carcinoma in situ (DCIS) and the lack of tumors
in other organs on radiologic imaging play vital roles in confirming
the diagnosis of small cell NEC as a primary breast tumor. Large cell
NEC is an exceedingly rare subtype of NECB. Large cell NEC
presents highly pleomorphic nuclei with coarse chromatin and
moderate cytoplasm.

The advent of the THC technique makes it possible to identify the
neuroendocrine phenotypes in breast cancer subpopulations by
displaying their immunoreactivity to CgA, Syn, neuron-specific
enolase (NSE), and CD56, which are usually negative in IBC-NSTs.
CgA and Syn are the most sensitive neuroendocrine markers,
whereas NSE and CD56 have lower sensitivity and specificity. In
addition, some new second-generation neuroendocrine
biomarkers, namely, INSM transcriptional repressor 1 (INSM1),
ISL LIM homeobox 1 (ISL1) and secretagogin (SECG), have been

original magnification x100 (B, C).

FIGURE 1 | Pathological findings in primary neuroendocrine carcinoma of the breast. (A) H&E stain, tumor cells are composed of dense cellular solid nests, some of
which are arranged in alveolar, with round or short spindle cells and eosinophilic cytoplasm. (B) Tumor cells show different degrees of positive expression for
Chromogranin A on immunohistochemistry. (C) Tumor cells show strong and diffuse synaptophysin expression. (Hematoxylin-eosin, original magnification x100 (A);
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introduced in clinical practice. Juhlin et al. compared these three
new biomarkers with CgA and Syn, and they found that ISLI,
INSM1, and SECG show the same or slightly lower sensitivity as
CgA and Syn, confirming that the second-generation
neuroendocrine markers present tissue-specific patterns, which
are helpful to identify the primary tumor in the analysis of
metastasis (34).

As described above, the essential differential diagnosis of NECB
is a metastatic NET from the extramammary site. Because NECB
and metastatic NEC to the breast show substantial morphologic
overlap, differentiation is difficult. Some site-specific lineage markers
can help distinguish NECB and metastatic NET, such as GATA3,
mammaglobin, GCDFP15, TTF1, CDX2, and PAX8/PAX6. The
most specific biomarkers for primary breast tumors are GATA3,
mammaglobin, and GCDFP15, which are negative for secondary
tumors (29). TTF1-, CDX2-, and PAX8/PAX6-positive cells are
expressed at specific sites. Mohanty et al. reported that TTF1 is
positive in approximately 70% of lung metastases, CDX2 is positive
in 100% of gastrointestinal metastases, and CDX2 is consistently
negative in NECB (29). PAX8/PAX6 positivity implies the
origination of the gastric pancreas and duodenum. In addition,
THC staining for myoepithelial cells (such as smooth muscle myosin
and p63) can aid in differentiating metastatic neuroendocrine
neoplasms from in-situ carcinoma (29). Regarding the molecular
subtype, most NECBs are hormone receptor-positive and human
epidermal growth factor receptor 2 (HER-2)-negative, presenting a
luminal-like phenotype, and ER may help distinguish the two
entities (16, 35). However, ER positivity alone is not sufficient to
determine the nature of the breast as it is neither universally
expressed in common breast cancers nor specific to breast
tumors. For example, metastatic NETs express ER in 13% (29)
and 11% (36) of patients. In addition, some researchers have
reported ER and PR positivity in pulmonary, pancreatic, small
intestinal, and ovarian neuroendocrine tumors. Similarly, GATA3
has been reported in urothelial carcinomas and other tumors,
including cutaneous squamous cell carcinomas, renal epithelial
tumors, mesotheliomas, and autonomic nervous system tumors
(37, 38). Furthermore, it should be noted that strong TTF1 positivity
can also be observed in poorly differentiated mammary NETSs (29).
Either morphology or IHC markers of NECB have an overlap of

metastatic tumors. Therefore, a relevant clinical history must be
considered when making a definitive diagnosis.

MOLECULAR FEATURES

There have been relatively few efforts to better characterize the
mutational profile and molecular characteristics of NECB due to
its rarity and heterogeneity. Here, we provide an overview of
molecular alterations reported in NECB cases and provide a
summary in Table 2. Evidence has demonstrated that NECB has
different mutational profiles from other ER-positive and HER2-
negative breast cancers with a lower frequency of PIK3CA
mutations and a higher mutation rate in other genes. Ang
et al. first reported a systematic investigation of activating
mutations of NECB in 2014, identifying mutations in 5 of 15
(33%) NECs, including PIK3CA mutation in 20% of NECB and
rare mutations in breast cancer (fibroblast growth factor receptor
1 (FGFR1), FGFR4, kinase insert domain receptor (KDR), and
HRAS) (35). Caterina et al. showed that the most common
mutated genes are GATA3, FOXA1, TBX3, and ARID1A (3/18,
17%; similar to lobular carcinomas), and they reported that there
is a low frequency of PIK3CA, AKT1, and CDHI mutations (2/
18, 11%; identical to mucinous carcinomas) as well as no TP53
mutations (39). Although Vijayvergia et al. reported that TP53 is
the most common mutation in poorly differentiated NECs, the
locations of the primary site are almost always in the
gastrointestinal system (41). Another study has shown that in
contrast to standard forms of luminal cancers, NECB has a
markedly low rate of PIK3CA mutations (7%) and TP53
mutations (7%) (18).

Vranic et al. suggested several potential targets for novel
therapies in NECB for the first time, including predicted
expression of trophoblast cell-surface antigen 2 (TROP-2),
folate receptor 1 (FOLR1), and H3K36Me3 in NECB, which
may lead to the development of new targeted therapy drugs for
NECB. In addition, these researchers found CCNDI1 and FGFR
gene amplification in isolated cases. However, their study did not
discover MGMT hypermethylation, DLL3 expression, or NTRK
gene fusions. Furthermore, they reported that no biomarkers

TABLE 2 | List of molecular alterations in NECB.

Molecular alterations

PIKBCA mutations

18, 11%) (39).
TP53 mutations
PIK3CA, AKT1, CDH1 (2/18, 11%) (39).

TROP-2, FOLR1,

H3K36Me3 amplification were found in isolated cases (40).

Description

e Targeted sequencing analysis found three cases (7%) harboring PIK3CA mutations (18)

* PIKBCA mutations in 20% of NECB and other rare mutations in breast cancer (FGFR1, FGFR4, KDR, HRAS) using a
PCR/mass spectroscopy or semiconductor-based sequencing strategy (35)

* The most frequently mutated genes were GATA3, FOXA1, TBX3, ARID1A (3/18, 17%), and PIK3CA, AKT1, CDH1 (2/

® Targeted sequencing analysis found three cases (7%) harboring TP53 mutations (C277Y, Y220C, and H193R) (18).
* No TP53 mutations were detected in NECB, enrichment for FOXA1, TBX3, ARID1A mutations (3/18, 17%), and

* TROP-2, FOLR1, and H3K36Me3 were three potential targets for novel therapies in NECB, CCND1, and FGFR gene

Ref. Sample

size

Lavigne 42

etal (18) 15

Ang et al. 18

(39)

Marchio

et al. (39)

Lavigne 42

etal. (18) 18

Marchio

et al. (39)

Vranic 20

et al. (40)
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predict the efficacy of immune checkpoint inhibitors
(programmed death-ligand one expression, microsatellite
instability, and tumor mutational burden) (40). At present, all
approved biomarkers that respond to PD-1/PD-L1 inhibitors
have been demonstrated to be negative. The differences among
studies are mainly due to the limited number of cases, the extent
of genetic testing, and tumor heterogeneity. Although there are
differences, these studies still provide helpful information about
NECB and help us to find new targets for a more personalized
therapy for this rare entity.

PROGNOSIS

Although the findings about the prognosis of NECB are
controversial, most studies have shown that the prognosis of
NECB is poor. In the prospective analysis of Rovera et al. (42),
NECB had better survival than infiltrating ductal and lobular
carcinoma. Nevertheless, Wang et al. (12) and Yang et al. (22)
reported opposite results, showing that NECB had worse overall
survival (OS) and disease-specific survival (DSS) than IDC-NST.
Furthermore, there are similar outcomes in DSS and OS between
large cell and small cell NECs. Another study has suggested that
patients with NECB have shorter disease-free survival (DFS)
than those diagnosed with IDC-NST, but no significant
differences were observed in OS (18). When small cell NEC is
specific to histologic subsets, it has the worst prognosis.

Previous studies on the prognostic significance of
neuroendocrine differentiation in NECB have yielded contrary
results due to different diagnostic criteria and the limited number
of cases. Lai et al. (14) found that stratification based on the
expression level of neuroendocrine biomarkers may provide
information related to prognosis, which is conducive to
exploring better treatment strategies; they found that NECB
tends to be a luminal-like type. Patients with high expression
levels of neuroendocrine markers are associated with less
invasive clinical parameters (lower histologic grade, less lymph
node metastasis, and lower stages), and the prognosis of these
patients is better than those with regular expression levels (16).
However, some studies have shown that patients with focal
neuroendocrine differentiation have worse OS and DFS than
those without neuroendocrine differentiation. Giuseppe et al.
(43) reported that neuroendocrine differentiation is significantly
associated with T4 stage, G2 grade, ER positivity, and PR
positivity. Nevertheless, neuroendocrine differentiation does
not affect breast cancer prognosis regarding breast cancer-
specific survival (33).

In addition, cancer antigen 15-3 has been shown to be
remarkably elevated in a patient at baseline and to significantly
decrease after treatment, indicating that CA15-3 may be a
prognostic factor (44). In most studies, patients with a large
tumor size (>20 mm), higher stage, Ki67 > 14%, and hormone
receptor-negative status are related to shorter OS (22). When
referring to the influences of therapy strategy on the prognosis in
NECB, patients who do not have surgery have poor DSS and OS,
while those who receive chemotherapy have better DSS and OS

in NENs. Wei et al. suggested that compared to conventional
chemotherapy, endocrine treatment and radiation treatment
show tendency toward survival benefit. However, none of the
treatments reached statistical significance in their study, mainly
due to the limited number of cases and short-term follow-

up (16).

THERAPY

Multiple studies have shown that compared to IDC-NST, NECB
is related to more invasive behavior and has a higher tendency
for distant metastasis and local recurrence as well as a worse
prognosis. However, given the rarity of NECB, there are
currently no randomized controlled trials to compare
treatment modalities or combinations of modalities in patients
with NECB. Numerous treatments of NECB refer to the norm of
ductal carcinoma reported in case reports and retrospective
studies with surgery as the first-line therapy followed by
taxane-based and/or anthracycline-chemotherapy, endocrine
therapy, and targeted therapy according to the receptor status.

Surgery remains an essential method of treatment for early-
stage NECB. The selection of surgery method for NECB
resembles that for general breast cancer. Surgeons need to
consider comprehensive factors, such as age, physical
condition, tumor size and location, as well as the ratio of
tumor size to breast volume. Of these factors, the size and
location of the tumor determine the methods of surgery. There
are many available surgical options, including breast-conserving
surgery, modified radical mastectomy, breast reconstruction, and
total mastectomy.

To date, there is still a lack of evidence for selecting the most
effective chemotherapy protocols. Chemotherapy agents can be
selected based on the histopathological characteristics of NECB.
In general, poorly differentiated, small cell NEC or large cell NEC
are treated with platinum/etoposide-containing regimens (45, 46).
Taxane-based and/or anthracycline chemotherapy is used for other
types of NECB (47). There is little evidence on whether NECB
should be treated with neoadjuvant chemotherapy. Sanguinetti et al.
treated a solid NECB using neoadjuvant chemotherapy with
carboplatin and etoposide, which achieved a stable condition (48).
Wei et al. reported that an NECB patient had a significant response
after receiving four cycles of TEC (docetaxel, epirubicin, and
cyclophosphamide) chemotherapy, resulting in a significant
decrease in the Ki-67 proliferation rate from 40% to 10% (47).
However, a conclusive recommendation cannot be suggested due to
a limited scope of knowledge. Nonetheless, we suggest that patients
with a large mass (>5 cm) with a powerful desire to preserve the
breast, locally advanced NECB, or inoperable NECB can receive
neoadjuvant chemotherapy. Adjuvant chemotherapy should be
individualized, taking the biological characteristics and the risk of
recurrence of the disease into account. High tumor grade, large
tumor size, and lymph node metastases are essential negative
prognostic factors for NECB (16).

As described above, studies have shown that the ER and PR in
NECB are often highly expressed, presenting a luminal-like
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phenotype (16). Furthermore, endocrine therapy has a definitive
effect on treating HR-positive breast cancer, indicating that it
may be a helpful strategy in treating NECB. Some studies have
reported that hormonal therapy combined with other therapy
strategies is used to treat NECB when the tumor expresses the
appropriate receptors (28). Zhang et al. showed that a young
NECB patient who received goserelin and letrozole as
neoadjuvant therapy achieved an excellent response (49).
Neoadjuvant endocrine therapy can be used for patients with
large tumors but who have a fervent desire to conserve the breast
and who disagree with neoadjuvant chemotherapy. In addition,
Shanks et al. presented the first patient with high-grade NECB
who was resistant to platinum-based chemotherapy and
hormone therapy but who obtained a remarkable response to
palbociclib and the cyclin-dependent kinase (CDK) 4/6 inhibitor
combined with fulvestrant (50).

HER2 positivity has been commonly related to poorly
differentiated cancers of the breast. Anti-HER2 therapy can be
used in sporadic cases of NECB, either in the adjuvant or
metastatic setting with HER2 overexpression. Inga et al.
reported a patient treated with anti-HER2 therapy in the
adjuvant setting for HER-2-positive primary NECB who
achieved 9-year DES (51). Arpine treated a bone recurrent
NECB patient with HER2 amplification who achieved a partial
disease response after using trastuzumab (52).

Somatostatin analogues for the somatostatin receptor (SSTR)
are targets for biological therapy in NETs. Somatostatin
analogues show antiproliferative activity and prolonged PFES in
small intestinal NET's (53). International guidelines recommend
these analogues for the first-line treatment of well-differentiated
G1/2 metastatic NETs. Liu et al. reported that a patient with
NECB (large-cell NEC; Ki-67 proliferation index of 20%) and
IDC received 177Lu-DOTATOC peptide receptor radionuclide
treatment and achieved significant remission (44). Radiolabeled
SSTR-targeted imaging and peptide receptor radionuclide
therapy (PRRT) have demonstrated substantial benefit in
managing SSTR-expressing NEN, revealing that PRRT may be
a good choice for NECB (54).

In addition, NECBs may metastasize even years after
treatment of the primary tumor. Therefore, long-term follow-
up is recommended (55).

FUTURE PERSPECTIVES

Although there is no specific targeted therapy strategy for NECB,
several new therapeutic medicines based on specific biomarkers
have been investigated in other types of breast carcinoma and in
NEC of the lung and gastrointestinal pancreas, which may
provide a reference for treating NECB.

TP53 is frequently mutated in most human cancers, however,
targeting TP53 mutation is difficult because of its structural
diversity. Identifying a compound that can target all TP53
mutations is challenging. To date, there have been no
approved targeted therapies for mutant TP53. Thus, instead of
directly targeting TP53, exploiting mutant TP53 synthetic lethal

genes and targeting noncoding RNA networks may provide
additional therapeutic benefits (56). The mutation of PIK3CA
has been observed in approximately 40% of patients with HR-
positive and HER2-negative advanced breast cancer, which is
much higher than in NECB patients (57). Everolimus inhibits
mTOR through allosteric binding to mTORC (58). Based on the
results of the BOLERO-2 trial, everolimus combined with the
steroidal aromatase inhibitor exemestane has become standard
therapy for patients with drug-resistant HR-positive and HER2-
negative terminal breast cancer resistant to prior non-steroidal
aromatase inhibitor therapy (59). Alpelisib is a PI3K inhibitor
and degrader, and an oral biological preparation of alpelisib has
demonstrated efficacy and a safety profile combined with
fulvestrant in a phase 3 SOLAR-1 study for HR-positive and
HER2-negative patients with PIK3CA mutations who were
previously treated with aromatase inhibitors or CDK4/6
inhibitors (60, 61). Additionally, everolimus has been approved
for lung, gastrointestinal, and pancreatic NETs. Thus, targeting
PIK3CA in metastatic NECB may be a promising treatment
strategy based on the efficacy and safety of alpelisib and
everolimus in HR-positive and HER2-negative metastatic
breast cancer.

TROP-2, a transmembrane glycoprotein, was initially
discovered to be expressed at high levels on the surface of
trophoblastic cells, affecting the growth, invasion, and
metastasis of tumors. Most TROP-2 proteins are expressed in
triple-negative breast cancer (TNBC), and Vranic et al. (40)
detected TROP-2 proteins in 21% of patients, indicating that
TROP-2 may be a potential therapeutic target for antibody-drug
conjugates. The antibody-drug conjugate, sacituzumab
govitecan, which targets TROP-2, has been shown to be highly
effective in heavily pretreated patients with mTNBC with good
toleration (62). Mammary gland FLORI, which encodes a
leucine-rich repeat protein and is mainly expressed in TNBC,
is related to worse clinical outcomes and involves cancer cell
signaling and growth, suggesting that it may be a promising
target for treatment strategies, such as antibody-drug conjugates
(63). Mirvetuximab soravtansine is an antibody-drug conjugate
that is currently being assessed in multiple clinical trials (63, 64).
Although TROP-2 and FLORI are mainly expressed in TNBC,
the discovery of TROP-2 and FLORI in NECB suggests that
neuroendocrine carcinoma and TNBC may share some elements
of molecular pathogenesis, which may aid in the development of
new targeted therapy drugs for NECB. As in the era of precision
medicine, it is possible to achieve the same treatment of different
diseases possessing the same gene mutation or protein
expression, but further clinical trials are necessary.

FGFR signaling is often deregulated in various cancers,
including breast cancer and even in some cases of NECB (35).
The FGFR pathway plays an essential role in tumor growth and
survival, providing a promising therapeutic option for
developing FGFR inhibitors. The favorable clinical benefits
observed in tumors have contributed to the approval of FGFR
inhibitors, including pemigatinib and infigratinib, which have
been approved for patients with FGFR2 fusion/rearrangement-
positive cholangiocarcinoma (65), as well as erdafitinib, which
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has been approved for patients with FGFR-aberrant urothelial
carcinoma (66). Thus, NECB patients with FGFR aberrations
may benefit clinically from FGFR inhibitors.

Additionally, the activating mutation of KDR (VEGFR2) in
some patients with NECB may provide the theoretical basis for
the investigation of antiangiogenic agents in this disease.
Pazopanib, an oral multitargeted tyrosine kinase inhibitor, acts
through VEGER types 1-3. A systematic review has elucidated
the efficacy and safety of pazopanib in patients with locally
advanced and metastatic NEN, indicating that pazopanib may
be an option for NECB patients (67). Immunotherapy using
checkpoint inhibitors that block PD-1/PD-L1 has emerged as a
highly effective therapy in numerous patients across a range of
malignancies. However, studies evaluating all currently approved
biomarkers in response to PD-1/PD-L1 inhibitors have been
demonstrated to be negative, indicating that NECB patients may
not benefit from immunotherapy. However, PD-1/PD-L1
inhibitors have shown effectiveness on high-grade NENs from
other sites with high PD-L1 expression or a high number of
tumor-infiltrating lymphocytes (68).

CONCLUSION

NECB is a rare neoplasm, and its biological behavior, clinical
features, treatment, and prognosis are not yet fully understood.
Although some NECB patients can benefit from conventional
cytotoxic chemotherapy, others are resistant to chemotherapy.
Improvements in understanding the molecular characteristics of
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Background and Objectives: Reproductive hormones and receptors play crucial roles
in breast cancer development and progression. The association between preoperative
serum reproductive hormone levels and receptor status in postmenopausal women with
breast cancer remains unclear. Therefore, this study investigated the relationship between
serum reproductive hormone concentrations and patient characteristics and hormone
receptor status among postmenopausal Chinese women with breast cancer.

Materials and Methods: The medical records of 352 postmenopausal breast cancer
patients who underwent an operation between October 2007 and October 2010 at the
Department of Breast Tumor Surgery of Zhejiang Cancer Hospital were retrospectively
evaluated. Serum levels of reproductive hormones were measured before surgery by
liquid-chromatography tandem mass spectrometry. Hormone receptor levels were
measured by an immunohistochemical assay using a mouse monoclonal antibody. The
associations between serum hormone concentrations and hormone receptors were
investigated by analysis of covariance.

Results: In this patient cohort, the serum level of luteinizing hormone (LH) declined with
PMP duration. The median LH concentration was significantly higher in patients within 5
years of PMP than that in patients with PMP duration exceeding 5 years (23 vs. 18.32
miU/ml, P <.0001). Significantly more patients with strong estrogen receptor (ER) or
progesterone receptor (PR) expression had postmenopausal durations of less than 5
years compared to those with postmenopausal durations greater than 5 years (103 vs. 61
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cases, P =.019; 93 vs. 46 cases, P = .0005). While most patients either lacked (97.1%) or
co-expressed (84.3%) ER and PR, some patients expressed either ER or PR alone. ER
and PR expression were negatively associated with receptor-tyrosine kinase erbB-2
(HER?2) expression in postmenopausal patients with breast cancer. Meanwhile, increased
ER and PR expression were associated with decreased serum levels of LH or follicle-

stimulating hormone (FSH).

Conclusion: Decreased serum LH and FSH levels were associated with increased ER
and PR expressions and decreased HER2 expression in postmenopausal patients with

breast cancer.

Keywords: breast cancer, postmenopausal, reproductive hormones, estrogen receptor, progesterone receptor,

HER2 receptor

INTRODUCTION

Breast cancer is one of the most common cancers in women
worldwide, with an annually increasing incidence (1, 2). In 2020,
276,480 new patients with breast cancer and 42,170 deaths occurred
in the United States (3). However, in China, the incidence rate of
breast cancer is more than twice that of the world, and the incidence
of elderly patients with breast canceris also rising (4). The increase is
related to changes in reproductive patterns and the use of
mammography screening. Meanwhile, the trend is also associated
with physical inactivity, lifestyle changes, menopausal hormone use,
and the prevalence of obesity (5).

Breast cancer is a unique disease with multiple clinical
subtypes. However, its pathogenesis remains unclear (6). De
Waard first proposed the presence of two pathways and age-
specific incidence rate curves in breast cancer (7, 8). In one
pathway, the incidence of premenopausal breast cancer peaks
early in life, while the peak incidence of postmenopausal disease
in the second pathway occurs later in life. The two peak ages
reported in China were 45-55 and 70-74 years, respectively (9).

While the causes leading to the development of breast cancer
are unknown, the associated risk factors include age and
elements related to reproductive life (10). Among those risk
factors, hormones such as estrogen (E) and progesterone (P) play
an important role in accelerating breast cancer cell growth.
Furthermore, the cumulative exposure to hormones such as E
and P also increases the likelihood of breast cancer (11-13).

The serum estrogens include estrone (E1), estradiol (E2), and
estriol (E3). Among these estrogens, E2 affects cell proliferation and
apoptosis by interacting with the estrogen receptor (ER) in breast
tissue, thus affecting the development and progression of breast
cancer (14). Furthermore, E2 levels were positively correlated with
the risk of postmenopausal breast cancer (15-17).

Breast cancer cells express the ER or progesterone receptor
(PR), and about two-thirds of breast cancers are ER-positive and/
or PR-positive (18). Breast cancer cells expressing ER or PR

Abbreviations: PMP, postmenopausal; LH, luteinizing hormone; ER, estrogen
receptor; PR, progesterone receptor; HER2, receptor-tyrosine kinase erbB-2; FSH,
follicle-stimulating hormone; DCIS, ductal carcinoma in situ; E, estrogen; E2,
estradiol; P, progesterone; T, testosterone; PRL, prolactin; FISH, fluorescence in
situ hybridization.

require E or P to grow. In addition to ER and PR, receptor
tyrosine-protein kinase erbB-2 (HER2) plays a crucial role in
breast cancer progression (19). Cancer cells with increased HER2
expression tend to grow and spread more aggressively compared
to cancer cells lacking HER2 expression (20). Clinically, the
positivity status of ER, PR, or HER2 alone or in combination is
critically involved in the selection of therapeutic approaches and
determines patient outcomes in breast cancer (21, 22).

Like other types of cancer, the incidence of breast cancer
increases with age. Approximately two-thirds of invasive breast
cancers occur in women aged 55 years or older; thus, most patients
with breast cancer are postmenopausal. However, whether
postmenopausal duration affects hormone levels and hormone
receptor expression remains unknown. This study measured
serum levels of reproductive hormones, namely, luteinizing
hormone (LH), E2, P, testosterone (T), follicle-stimulating
hormone (FSH), and prolactin (PRL) in postmenopausal patients
with breast cancer. The expression levels of ER, PR, HER2, and p53
were also determined. Furthermore, the relationships between these
receptors and hormones were evaluated.

MATERIALS AND METHODS

This study included 352 postmenopausal patients diagnosed with
breast cancer. The diagnosis was made on the basis of
pathological findings from thick-needle biopsy specimens of
breast tissues and included invasive ductal carcinoma in situ
(DCIS). We retrospectively extracted and analyzed data from the
patient database of this cohort from October 2007 to October
2010. These data were gathered prior to undergoing
chemotherapy, radiotherapy, or hormone therapy. No patients
had chronic hepatitis or nephritis, and all had normal liver and
renal functions.

This study was reviewed and approved by the Medical Ethics
Committee of Zhejiang Cancer Hospital of China. The patients
provided their written informed consent.

Serum Hormonal Levels
The serum concentrations of six hormones (LH, E2, T, P, FSH,
and PRL) were assayed before the patients underwent surgery.
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The concentrations were measured by chemiluminescence
immunoassay (CLIA) on a UniCel DxI 800 system (Beckman
Coulter, Brea, CA, USA) following the instructions of the
manufacturer for routine laboratory tests. The laboratory
standard values for these hormones were 7.7-58.5 mIU/ml for
LH, 10-40 pg/ml for E2, 0-.78 pg/ml for P, 0-0.75 pg/ml for T,
25.8-113.59 pg/ml for FSH, and 0-19.64 pg/ml for PRL.

Determination of Hormone

Receptor Status

Less than 30 min after surgery, the tumor specimens were fixed
with 4% neutral formalin and embedded in paraffin blocks. The
blocks were subsequently sliced into 4-um sections.
Immunohistochemistry was performed using a Universal DAB
Detection kit (Ventana Medical Systems, Tucson, AZ, USA)
following the instructions of the manufacturer. Anti-ER (clone
No. SPI) and anti-PR (clone No. PgR636) monoclonal antibodies
were purchased from Dako, Inc. (Carpinteria, CA, USA), and an
anti-HER2 monoclonal antibody (clone No. 4B5) was also used.
The expressions of P53 and TOPO II in the study were assessed
using monoclonal anti-P53 antibody (cat.nos: ab131442) and
anti-TOPO II antibody (clone KISI-DAKO, UK/DN
dilution 1:50).

ER and PR staining was assessed as described in the
“Immunohistochemistry guide for the staining of estrogen and
progesterone receptor in breast cancer (2015 edition in Chinese),”
with a slight modification (Figure 1). ER or PR positivity or
negativity was defined according to the percentages of nuclear-
stained cells among all tumor cells in the entire section. Cases
with percentages above 10% were defined as positive. If nuclear
staining was absent or the percentage of nuclear-staining cells was
less than 10%, the case was defined as negative. The ER and PR-
positive cases were further divided into three groups based on
nuclear staining intensity as weak (pale-yellow, +), intermediate
(brown-yellow, ++), and strong (dark-brown, +++).

HER2 staining was assessed as described in the “Testing guide
for the staining of HER2 in breast cancer (2014 edition in
Chinese).” HER2 staining in each case was scored as 0, +, ++,
or +++ (Figure 1). A (0) score indicated no or incomplete and
weak membrane staining in <10% of cancer cells. A (+) score
indicated an incomplete and weak membrane staining in > 10%
of cancer cells. A (++) score indicated an incomplete and/or
weak to moderate membrane staining in >10% of cancer cells or
strong and complete membrane staining in <10% of cancer cells.
A (+++) score was defined as strong and complete membrane
staining in >10% of cancer cells. HER2 was considered negative
or positive for scores of (0)/(+) and (+++), respectively. A (++)
HER2 score was defined as uncertain, and further tests such as
fluorescence in situ hybridization (FISH) or genotyping were
required to confirm positivity.

The scoring and intensity of P53 were evaluated using light
microscopy (100*) according to the methods of Papamistou et al.
(23). So, we characterized P53 expression as negative, weak,
and strong.

The TOPO II protein expression levels were assessed by
measuring the corresponding staining intensity levels provided
by digital image analysis. Using normal epithelia as the control
group, we characterized TOPO II expression as negative, weak,
and strong.

Statistical Analysis

In the analysis section, IBM statistics could be cited as IBM Corp.
Released 2010. IBM SPSS Statistics for Windows, Version 19.0.
Armonk, NY: IBM Corp.

RESULTS

The characteristics of 352 postmenopausal patients with breast
cancer who were enrolled in this study are summarized in

FIGURE 1 | Expression of ER, PR, and HER2 in PMP patients with breast cancer Expression levels of ER, PR, and HER2 were determined by immunohistochemistry
and assessed by staining intensity from no expression (-) to weak (+), intermediate (++), and strong (+++) staining.
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Table 1. The median age of this cohort was 57 years, with most
(58.81%) patients aged 50-59 years; 1.99 and 11.36% were aged
below 50 or above 70 years, respectively. Pathologically, 278 of
the 352 (78.98%) patients had invasive ductal carcinoma, a
dominant type of breast cancer. In this cohort, 58.24 and
48.01% of patients expressed ER and PR, respectively. Most
patients (76.7%) were HER2-positive.

We first measured the serum levels of six hormones (LH, E2, T,
P, FSH, and PRL) in postmenopausal patients with breast cancer by
CLIA. We arbitrarily divided the patient cohort into four groups
based on postmenopausal duration (1-5, 6-10, 11-20, and more
than 21 years). The median values and ranges of each hormone are
listed in Table 2. Serum levels of E2 and P were less than 10 pg/ml
and 0.1 ng/ml, respectively, with undetectable values in 66.9% (228
of 341) and 22.6% (77 of 341) of the patients, respectively.

Among the six hormones, the serum level of LH declined with
postmenopausal duration in this patient cohort. The median LH

TABLE 1 | Patients’ characteristics.

Characteristics Variance N %
Age (years) 40-49 7 1.99
50-59 207 58.81
60-69 98 27.84
70 above 40 11.36
Pathology Invasive ductal 278 78.98
Others 74 21.02
ER expression +++ 124 35.23
++ 40 11.36
+ 30 8.52
- 147 41.76
PR expression +++ 63 17.90
++ 54 156.34
+ 41 11.65
- 183 51.99
HER2 expression +++ 7 21.88
++ 100 28.41
+ 72 20.45
- 82 23.30

ER, estrogen receptor; PR, progesterone receptor; HER2, receptor-tyrosine kinase erbB-2.

value was significantly higher in patients with a postmenopausal
duration of 5 years or less (23 mIU/ml) than in patients with a
postmenopausal duration exceeding 5 years (18.32 mIU/ml,
P <.0001). The difference between the postmenopausal
duration of 1-5 years and the postmenopausal duration of 11-
20 or 221 years was also significant. However, a significant
difference in the serum levels of other hormones in patients
with different postmenopausal durations was not observed.

We subsequently determined hormone receptor (ER, PR, and
HER2) expression by immunohistochemistry. As shown in
Figure 1, the expression levels of these hormone receptors
varied from negative to weak positive (+) and strong positive
(++ and +++ combined). To simplify the analysis, we arbitrarily
divided the patient cohort into two groups based on
postmenopausal duration (1-5 and 26 years). The numbers of
patients expressing variable levels of hormone receptors are
listed in Table 3. The number of women with strong ER and
PR expression was significantly higher in patients with a
postmenopausal duration exceeding 5 years (103 and 93 cases,
respectively) than in patients with a postmenopausal duration of
up to 5 years (61 and 46 cases, P = .019 and P = .0005,
respectively). No differences in HER2 expression levels in
breast cancer patients according to postmenopausal duration
were observed.

In addition to hormone receptors, we measured the
expression of tumor proteins p53 and type II topoisomerase in
this patient cohort and found no differences in the expression
among postmenopausal patients with breast cancer.

We subsequently analyzed the association between hormones
and hormone receptors in postmenopausal patients with breast
cancer. As shown in Table 4, patients with strong tumor ER or PR
expression (++ and +++ combined) had significantly reduced
serum LH levels (18.6 and 19.1 mIU/ml, respectively) compared
to those in patients without tumor ER or PR expression (21.7 and
21 mIU/ml, P = .001 and.008, respectively). As well, the levels of
FSH (52415 and 51.39 pg/ml, respectively) in patients with strong
tumor ER or PR expression were lower than those in patients
without tumor ER or PR expression (55.6 and 53.9 pg/ml, P = 0.03

TABLE 2 | Association of PMP years with hormones in breast cancer patients.

PMP years Hormones
LH E2 P T FSH PRL
1-5 N 154 55 123 152 154 153
Median 23 13.5 0.1 0.44 54.98 13.85
Range 3.66-57.8 11-120 0.1-1.3 0.08-4.7 3.2-138 3.562-89.6
6-10 N 77 26 62 7 7 7
Median 19.48 12 0.1 0.42 54.7 12.23
Range 6.13-50.2 11-22 0.1-0.6 0.13-1.2 0.86-150 4.51-114
11-20 N 81 26 59 81 81 81
Median 17.36 13 0.1 0.46 50.97 11.84
Range 1.16-46.1 11-36 0.1-0.7 0.08-1.4 5.6-150 0.03-161
>21 N 29 6 20 29 29 29
Median 16.87 10.5 0.1 0.39 54.38 12.67
Range 8.01-32.4 11-17 0.1-0.8 0.08-1.15 27.92-150 6.3-34.32
P 0.0001* <0.05 <0.06 <0.05 <0.06 <0.05

PMP, postmenopausal; LH, luteinizing hormone; E2, estradiol; P, progesterone; T, testosterone; FSH, follicle-stimulating hormone; PRL, prolactin.

*Comparison between group of PMP 1-5 and group of PMP 6 above.
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TABLE 3 | Association between PMP and hormone receptors in breast cancer
patients.

Hormones receptors PMP (years) P
1-5 (n) 6 above (n)

ER expression Negative 74 73 0.019*
Weak positive 19 1
Strong positive 61 103

PR expression Negative 89 94 0.005*
Weak positive 19 32
Strong positive 46 93

HER2 expression Negative 32 50 0.091
Weak positive 30 42
Strong positive 89 88

P53 expression Negative 56 78 0.542
Weak positive 37 42
Strong positive 44 52

TOPO Il expression Negative 16 32 0.284
Weak positive a7 51
Strong positive 6 6

PMP, postmenopausal; ER, estrogen receptor; PR, progesterone receptor; HER2,
receptor-tyrosine kinase erbB-2; TOPO I, topoisomerase Il.
*Comparison between group of negative and group of strong positive.

and P = 0.031, respectively). In contrast, patients with strong tumor
HER2 expression had significantly elevated serum LH levels (22.1
mlIU/ml) compared to those in patients without tumor HER2
expression (18.3 mIU/ml, P = .011). No associations between p53
expression and serum levels of any hormone were observed in
postmenopausal patients with breast cancer.

A chi-square analysis to evaluate the association between
these three hormone receptors in postmenopausal patients with
breast cancer showed a strong positive association between ER
and PR expression in this patient cohort. As shown in Table 5,
the number of patients who were double-negative or double-
positive for ER and PR was significantly higher than those of
patients with single-negative or -positive ER or PR status.
Among 173 patients without an ER expression, 168 (97.1%)
cases also lacked PR expression. However, 84.3% (54 of 64) of the

patients with a strong PR expression (+++) also had a strong
ER expression.

In contrast, we observed a negative association between the
expression of HER2 and ER or PR in postmenopausal patients
with breast cancer. Patients without ER or PR expression tended
to have a strong HER2 expression and vice versa. Among the 146
and 182 patients without ER and PR expression, 90 (61.6%) and
112 (61.5%) cases had strong ER expression (++/+++),
respectively. In contrast, only 13 (16.5) and 4 (5.1%) of 79
patients with strong HER2 expression (+++) had strong ER or
PR expression, respectively.

DISCUSSION

Circulating reproductive hormones play an important role in
breast cancer development and progression. Long-term exposure
to high amounts of E in the blood increases the risk of breast
cancer (24, 25). Binding to receptors, hormones accelerate breast
cell proliferation. A previous study showed that higher
circulating E1 and E2 increased the incidence of breast cancer
(26). Furthermore, the levels of E2 in postmenopausal Chinese

TABLE 5 | Association between any two hormones receptors.

Hormones ER HER2
receptors
- + + ++ P - + + ++ P
+ + + +
PR - 168 13 11 16 0.001* 34 36 53 59 0.001*
+ 5 10 9 20 12 11 1 8
++ 0 5 16 36 0.001# 16 11 21 7 0.001#
+++ 0 3 7 54 24 16 7 4
HER2 - 28 11 7 40  0.001*
+ 28 6 8 33
++ 38 7 20 39 0.022#

+++ 52 7 7 13

*Comparison between (-) group and (+++) group, #Comparison between (-) group and
(++/+++) combined group.

TABLE 4 | Association between hormones and hormone receptors.

Receptors Hormones
LH P E2 p P p T p FSH p PRL p
ER expression Negative 21.7 0.001 13 0.99 0.1 0.38 0.41 0.06 55.6 0.03 13.42 0.37
Weak postive 21 15 0.2 0.42 54.84 1417
Strong positive 18.63 12 0.1 0.44 52.415 12.6
PR expression Negative 20.99 0.008 10 0.52 0.1 0.72 0.405 0.015 53.9 0.031 13.54 0.65
Weak postive 20.08 10 0.2 0.37 13.0 14.71
Strong positive 19.05 10 0.1 0.49 51.39 11.55
HER 2 expression Negative 18.33 0.011 14 0.011 0.1 0.99 0.44 0.93 51.25 0.07 11.62 0.18
Weak postive 17.59 13 0.1 0.37 49.53 13.32
Strong positive 22.05 12 0.1 0.43 58.44 13.525
P53 expression Negative 20.08 0.20 13 0.87 0.1 0.80 0.425 0.58 54.34 0.19 13.42 0.79
Weak postive 18.73 12 0.1 0.49 51.86 12.23
Strong positive 20.79 12 0.1 0.40 53.82 12.32

ER, estrogen receptor; PR, progesterone receptor; HER2, receptor-tyrosine kinase erbB-2; LH, luteinizing hormone; E2, estradiol; P, progesterone; T, testosterone; FSH, follicle-

stimulating hormone; PRL, prolactin.
p Comparison between group of negative and group of strong positive.
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patients with breast cancer were higher than those of healthy
subjects (27). This study focused on postmenopausal patients to
explore the association between hormones and hormone
receptors since a menstrual cycle-mediated variation in serum
hormone levels is minimized in postmenopausal patients. To our
knowledge, this is the first study to comprehensively measure the
levels of reproductive hormones and receptors in a relatively
large cohort of postmenopausal patients with breast cancer.

LH, FSH, and PRL are produced by the pituitary gland and
affect the ovaries. In FSH stimulation of ovarian follicles to
produce estrogen, whereas LH stimulates the corpus luteum to
secrete P in premenopausal women. With ovarian atrophy, the
production of E and P drops with increasing postmenopausal
duration. In this study, the serum levels of LH, FSH, and PRL
decreased in the years following menopause, although their levels
remained stable in patients who had experienced
postmenopausal more than 21 years ago. While some
postmenopausal patients maintained normal E2 and T levels, a
significant number of patients (66.9% for E2 and 22.6% for T)
had undetectable concentrations of these hormones, suggesting a
clinical indication for E therapy in this patient population.

ER and PR are the most widely studied markers in breast
cancer (28), and their expression levels are used as predictive
markers of response to endocrine therapy (29). This study
assessed the effects of postmenopausal on ER and PR
expression in breast cancer and found that ER and PR
expression were significantly associated with postmenopausal
duration. Considering the inhibitory effect of the hormones on
ER and PR expression, the enhanced expression may be the
result of a decline in E and P levels in postmenopausal patients.

ER and PR expression were significantly correlated with
postmenopausal patients with breast cancer. The number of
patients with double-negative or double-positive ER and PR
expression was significantly higher than those with single-negative
ER and PR expression. We observed patients with single-positive ER
or PR expression. Nadji et al. analyzed 5,993 patients with breast
cancer and found no cases that were ER-negative but PR-positive
(30). In contrast, other studies have reported independent expression
of ER and PR (31, 32), consistent with our findings.

It is unclear whether hormone levels correlate with ER or PR
expression in breast cancer patients. In this cohort, we observed a
positive correlation between serum hormone levels and ER or PR
expression, consistent with previous reports of the inhibitory
effect of estrogen on ER or PR expression (33). In contrast, the
hormone levels were higher in HER2-positive patients than in
HER2-negative patients, supporting the observed negative
association between ER or PR and HER2 expression.

Some limitations of this study should be considered when
interpreting these results. First, this retrospective study involved
patients from a single center. Second, we evaluated only the
relationship between serum reproductive hormone
concentration and patient characteristics and hormone
receptor status among post-menopausal Chinese women; the
survival outcomes were not considered. Finally, records of
patients were partly dismissed. Therefore, these results should
be regarded as preliminary, and additional prospective,

randomized, large-sample, multi-center phase III clinical trials
must confirm our findings.

Conclusion

The results of this study showed decreased serum hormone levels
over the postmenopausal course in patients with breast cancer.
The number of patients with strong ER and PR or negative HER2
expression increased in the later years compared with the early
years of PMP. While most patients either lacked or co-expressed
ER and PR, some patients expressed either ER or PR alone. ER
and PR expression were negatively associated with HER2
expression in postmenopausal patients with breast cancer.
Increased ER and PR expression was associated with decreased
serum LH or FSH levels. These results indicated that
postmenopausal-mediated decreases in serum LH and FSH
levels were associated with increased ER and PR expression
and decreased HER2 expression in patients with breast cancer.
Opverall, the present findings provide an improved understanding
of the association between hormones and receptors in
postmenopausal patients with breast cancer.
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D-dimer level is often used to assess the severity of trauma as well as the risk of
thrombosis. This study investigated the risk factors for high postoperative D-dimer level.
This study included a total of 2706 patients undergoing breast cancer surgery to examine
the associations between various clinicopathological factors and variation in D-dimer
levels. After adjusting for other factors, T stage, neoadjuvant chemotherapy, blood loss,
surgery type, diabetes, and elevated leukocyte and neutrophil counts were found to be
significant risk factors for D-dimer variation. This study identified several factors
associated with elevated D-dimer levels and consequent thrombosis after breast
cancer surgery, which may aid in the development of more precise preventive
measures and interventions as well as serve as a reference for future research.

Keywords: D-dimer, breast cancer, surgery, nursing, thrombosis

INTRODUCTION

Breast cancer has recently become the most common malignancy worldwide and is also the leading
type of cancer in China. With advances in treatment techniques, relatively good therapeutic effects
are generally achieved in the treatment of breast cancer (1, 2). Therefore, good survival rates and
quality of life are expected in early-stage patients (3, 4). There are relatively few severe complications
in the perioperative period of breast cancer surgery, with the most severe being venous thrombosis
of the lower extremities and the consequent pulmonary embolism, which often lead to serious
damage to health or death of patients and a heavy financial burden (5). In general, a smaller scope of
surgery can effectively reduce the occurrence of complications and is indicative of better
postoperative breast appearance (6-8). Therefore, breast-conserving surgery has become an
increasingly popular approach among patients who meet the relevant indications. The reduced
degree of injury provides several benefits, including fewer surgical complications, faster recovery,
and increased long-term survival (9-11). However, these methods pose new challenges for the
postoperative care of patients with breast cancer. Thus, a comprehensive analysis of the
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clinicopathological features and surgical approach of patients is
required to assess the degree of trauma and risk of thrombosis.
To maintain normal physiological status, the coagulation
system is activated to prevent blood loss in the event of
vascular injury. Despite its lack of specificity, an elevated D-
dimer level serves as a relatively sensitive biomarker for
thrombosis in the circulatory system. Therefore, D-dimer level
is often utilized in clinical practice to aid in the diagnosis of
venous thromboembolism, deep vein thrombosis, and
pulmonary embolism. D-dimer level has also been shown to
correlate directly with the degree of trauma, making it an
appropriate indicator for assessing injury severity (12, 13).
Therefore, when we use D-dimer level as an index to measure
the risk of thrombosis, we should realize the limitations of D-
dimer as a negative predictive factor for adverse events and pay
attention to excluding other influencing factors, such as trauma
scope, age, preoperative treatment, disease stage, etc., and
analyze the independent risk of different factors under the
coexistence of multiple factors. At the same time, in the era of
epidemic, the treatment of tumor also has some new challenges.
Have patients with COVID-19 affected the coagulation of blood
because of pathological changes in the lungs? (14) Whether or
not you have ever suffered from COVID-19, will the vaccination
affect the hemagglutination state? (15) For tumor patients, their
own diseases may bring blood hypercoagulability. At the same
time, tumor patients also have the characteristics of relatively old
age. In these patients, how to measure the relationship between
coagulation indexes and thrombosis risk is also a subject that
needs special analysis (16, 17). In order to more accurately
understand the potential risk of thrombosis in patients, we
should also continuously refine the monitoring process of D-
dimer, find the most accurate time point for blood sampling and
testing, and develop more biomarkers for modeling and
prediction, so as to avoid the influence of multiple
confounding factors caused by simple D-dimer (18-21). In a
word, under the situation of epidemic situation, aging population
and increasing tumor incidence rate, how to give consideration
to the treatment effect of tumor and the quality of life of patients,
and maximize the net benefit of patients is a subject that needs to
be continuously studied. In this context, the present study
investigated the role of D-dimer level in thrombosis and injury
before and after surgery for the treatment of breast cancer. We
aimed to explore independent risk factors for elevated
postoperative D-dimer level and the influencing factors of the
degree of trauma and risk of thrombosis to provide a basis for the
identification of patients who require close monitoring.

METHODS

Patients

This study enrolled 2706 patients who underwent breast cancer
surgery from 2013-2020, including total mastectomy
(glandectomy), and breast-conserving surgery, at the Second
Hospital of Dalian Medical University, and the Affiliated
Zhongshan Hospital of Dalian University. The inclusion

criteria were: 1. The patient was diagnosed with breast cancer
and underwent breast cancer surgery, and the time from the last
general anesthesia operation was more than one year; 2. Received
or not neoadjuvant therapy before operation; 3. 18-75 years old;
4. No distant metastasis; 5. Complete clinicopathological
information, especially the test results of D-dimer before and
after operation. The exclusion criteria were: 1. Received general
anesthesia within one year; 2. The patient was younger than 18
years old or older than 75 years old; 3. There were distant
metastatic lesions before operation; 4. The clinicopathological
information is incomplete. The clinical, surgical, and
pathological findings and all medical data, including age,
tumor stage, nodal stage, neoadjuvant chemotherapy, operative
time, blood loss, surgery, preoperative and postoperative
complications were collected prospectively and recorded in
a database.

This study was approved by the Ethics Committee of Second
Hospital of Dalian Medical University. All methods were
performed in accordance with the relevant guidelines and
regulations. Informed consent was obtained from
all participants.

Blood Sampling

Blood samples for the determination of pre- and postoperative
D-dimer levels were acquired together with the samples used for
other hematological tests. Preoperative sampling was usually
performed on the second day after admission, approximately 3
days before surgery. Before surgery, in addition to D-dimer, we
will detect the patient’s blood routine, liver function, renal
function, coagulation, blood glucose, blood lipid, blood ions,
etc. Postoperative sampling was usually performed 1 day after
surgery. After the operation, we will detect the blood routine,
blood ions, four items of coagulation, D-dimer, etc.

Statistical Analyses

Chi-square tests were used to analyze the differences between
groups of various D-dimer levels. Correlation analyses were used
to identify the influencing factors of D-dimer levels. Multivariate
analyses using the ENTER method were conducted to assess the
risk factors for increased D-dimer levels. All analyses were
performed using IBM SPSS Statistics for Windows, version 23.0.
Two-sided P-values <0.05 were considered statistically significant.

RESULTS

Patient Characteristics

A total of 13 clinicopathological factors were identified and
included in the analysis. The distribution of various
clinicopathological factors was subsequently compared between
the two groups (pre- and postoperative D-dimer levels). Of these,
T stage, neoadjuvant chemotherapy, blood loss, surgery, diabetes,
and leukocyte and neutrophil elevation differed significantly
between the two D-dimer groups (Table 1). The factors with
significantly different distributions between the two groups were
identified as possible risk factors for D-dimer variation.
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TABLE 1 | Characteristics of population by D-dimer increase level (n = 2706).

Characteristics <150 >150 p Value
Age (years) 0.054
<60 364 (39) 749 (43)

>60 578 (61) 1015 (57)
Pathological tumour stage (%) <0.001
T 73 (8) 95 (5)

T2 136 (14) 171 (10)

T3 433 (46) 920 (52)

T4 300 (32) 578 (33)

Pathological nodal stage (%) 0.249
NO 574 (61) 1100 (62)

N1 249 (26) 486 (28)

N2 85 (9) 126 (7)

N3 34 (4) 52 (3)

Neoadjuvant chemotherapy (%) <0.001
No 635 (67) 966 (55)

Yes 307 (33) 798 (45)

Operative time (%) 0.108
<2h 216 (23) 357 (20)

>2h 726 (77) 1407 (80)

Blood loss <0.001
<100 ml 588 (72) 914 (62)

>100 ml 233 (28) 567 (38)

Surgery <0.001
Total mastectomy 643 (68) 929 (53)

BCS + SLNB 299 (31) 835 (47)
Preoperative co-morbidities

Diabetes 84 (9) 308 (18) <0.001
Hypertension 272 (29) 490 (28) 0.546
Cardiac history 62 (7) 123 (7) 0.701
Cerebrovascular disease 53 (6) 141 (8) 0.023
Postoperative complications

Leukocyte elevation 49 (5) 145 (8) 0.004
Neutrophil elevation 42 (5) 170 (10) <0.001

Correlation Analysis

Spearman correlation analysis showed linear correlations
between D-dimer difference and neoadjuvant chemotherapy, T
stage, surgery, blood loss, diabetes, leukocyte and neutrophil
elevation, and cerebrovascular disease (Table 2).

Risk Factor Analysis

The associations between the possible risk factors and elevated
D-dimer level is shown in Table 3. After adjusting for the 13
variables, T stage, neoadjuvant chemotherapy, blood loss,
surgery type, diabetes, and leukocyte and neutrophil elevation
were identified as significant risk factors.

DISCUSSION

In recent years, increasing attention has been paid to the concept
of fast-track surgery, which aims to provide postoperative
patients with a variety of integrated treatment approaches to
achieve rapid recovery. This leads to the reduction of
psychological and organic traumatic stress reactions, which
ultimately reduces postoperative complications, shortens the
average length of hospital stay, decreases the risk of death, and
reduces health care costs (22). However, fast-track surgery is not
yet optimized and remains under development. Modifications

TABLE 2 | Spearman correlation analysis between clinicopathological features
and D-dimer.

Clinicopathological features D-dimer ( p; Spearman correlation)

Neoadjuvant chemotherapy <0.001 (0.123)
T stage 0.01 (0.05)

Surgery <0.001 (0.151)
Blood loss <0.001 (0.100)
Diabetes <0.001 (0.116)
Leukocyte elevation 0.004 (0.056)
Neutrophil elevation <0.001 (0.092)
Cerebrovascular disease 0.023 (0.044)

are also required for specific treatment measures to enhance their
suitability for the Chinese population. Therefore,
clinicopathological data, surgical information, postoperative
complication data, and the prognostic and follow-up
information of patients requiring surgery must be collected
continuously to perform statistical analysis to aid the
development of more reliable and effective diagnostic and
treatment modalities for the Chinese population (23, 24).

The present study identified T stage, neoadjuvant
chemotherapy, blood loss, surgery type, diabetes, and leukocyte
and neutrophil elevation as risk factors for significantly increased
D-dimer level.

Our results differ from those of previous studies in that age
was not an independent risk factor. Although this is
contradictory to the conventional belief that older age is
associated with a higher risk of concomitant thrombosis, it
suggests that younger patients should also be monitored closely
for the occurrence of postoperative venous thrombosis (25-29).

With the increase in the proportion of patients undergoing
neoadjuvant chemotherapy, there is a greater need to closely
monitor D-dimer level and the possible risk of venous
thrombosis (20). During surgery, efforts should also be made
to minimize operative time and reduce intraoperative bleeding.
For patients in whom the breast and axilla can be preserved, the
scope of surgery should also be minimized. To a certain extent,
D-dimer level can reflect the degree of damage to the body.
Previous studies did not report surgical approach as having a
significant effect on D-dimer level; however, its effects have
gradually become pronounced with the increasing number of
cases (30-32). This may be attributed to the presence of
confounding bias among surgical approaches in previous
studies, such as the prolonged operative time and
intraoperative pathological waiting time for breast-conserving
surgery and sentinel lymph node biopsy. Operative time was also
not an independent factor due to various confounding factors.

Diabetes mellitus is a known risk factor for thrombosis (33,
34). In particular, the physiological changes following general
anesthesia often result in high blood glucose levels, which
increase the risk of thrombosis when combined with prolonged
bed rest. Thus, careful patient monitoring is required.

Postoperative infection, especially cellular infection that
results in elevated neutrophil count, is a risk factor for
thrombosis (35-37). It may also exacerbate injury and lead to
elevated D-dimer levels. Although the degree of D-dimer
elevation does not necessarily correlate with the risk of
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TABLE 3 | OR for increasing of D-dimer—multivariable analysis (n = 623).

Age

Pathological tumor stage
™

T2

T3

T4

Pathological nodal stage
NO

N1

N2

N3

Neoadjuvant chemotherapy
Operative time

Blood loss

Surgery

Preoperative complications
Diabetes

Hypertension

Cardiac history
Cerebrovascular disease
Postoperative complications
Leukocyte elevation

Neutrophil elevation

Enter method

OR (95% CI) P

0.906 (0.728-1.127) 0.374

0.002

Ref

1.024 (0.624-1.679) 0.926
1.525 (0.962-2.417) 0.073
1.813 (1.095-3.004) 0.021

0.926

Ref

0.967 (0.762-1.226) 0.781
0.868 (0.613-1.230) 0.425
1.141 (0.626-2.077) 0.667
2.251 (1.811-2.797) <0.001
0.849 (0.675-1.068) 0.162
1.686 (1.375-2.067) <0.001
1.676 (1.350-2.082) <0.001
2.587 (1.933-3.461) <0.001
0.928 (0.732-1.175) 0.533
0.852 (0.601-1.208) 0.369
1.413 (0.961-2.078) 0.079
1.840 (1.247-2.715) 0.002
3.364 (2.159-5.241) <0.001

thrombosis and degree of physical injury, measures should still
be adopted to prevent postoperative infections such as drain-
related, wound, and urinary tract infections.

A high postoperative D-dimer level may correspond to more
severe physical injury and a higher risk of postoperative thrombosis.
Our findings indicated that, despite advances in diagnosis and
treatment, it is still critical for researchers to collect data on basic
patient information, records of previous treatment, and the
prevention and treatment of perioperative complications.

CONCLUSIONS

The results of the present study revealed multiple risk factors that may
cause a significant increase in D-dimer level in the postoperative
period. These findings suggest the need to pay particular attention to
these patients during the perioperative period, adopt adequate
preventive measures, and conduct relevant research.
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College of Medicine, Asan Medical Center, Seoul, South Korea

Purpose: This study aimed to explore symptom trajectories over 24 months for
hot flushes and sweating, sleep problems, joint and muscular discomfort, and
physical and mental exhaustion experienced by premenopausal women
diagnosed with tamoxifen-treated breast cancer.

Methods: A total of 104 patients participated in the study. The menopausal
symptoms were examined using the Menopausal Rating Scale at baseline, 3-6,
12, and 18-24 months after initiating tamoxifen. The changes over four time
points were analyzed using repeated measures analysis of variance. The chi-
square test was used to examine the differences between "no symptom-to-
mild” and "moderate-to-extremely severe” 3—6 months after initiating
tamoxifen according to the patients’ chemotherapy treatment experiences.

Results: All menopausal symptoms occurred in > 70% of patients with breast
cancer and persisted until 24 months. More than 50% of patients experienced
four menopausal symptoms, with at least two at a serious severity level after
initiating tamoxifen. Hot flushes and sweating occurred in the highest number
of patients, recording high scores. Sleep problems and physical and mental
exhaustion exhibited relatively high scores, even before tamoxifen initiation.
There were significant changes over four time points in all symptoms. Young
patients aged < 40 years experienced more severe sleep problems, and patients
who had previously received chemotherapy experienced more severe joint and
muscular discomfort.
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Conclusions: This study’s findings may assist in alerting healthcare providers to
menopausal symptoms that develop during tamoxifen therapy and the need for
early and active intervention to minimize symptom occurrence and distress.

KEYWORDS

adjuvant endocrine therapy, breast cancer, tamoxifen, signs and symptoms, premenopause

Introduction

Breast cancer (BC) is the most common cancer among Korean
women. A total of 23,647 new BC patients were recorded in 2018 in
Korea, and the incidence has continuously increased since 1999, with
anaverage annual increase rate of 4.6% (1). Over 75% of these BCs are
estrogen receptor positive, and they are amenable to treatment with
adjuvant endocrine therapy (AET). There are two types of AET
treatment, tamoxifen (TAM) and aromatase inhibitors (Als). Among
them, TAM has historically been prescribed for > 5 years in
premenopausal women with estrogen receptor-positive BC,
whereas Als have been prescribed for postmenopausal women.
Tamoxifen therapy has resulted in decreased BC recurrence and
mortality rates by 39% and 31%, respectively (2-5).

Current guidelines recommend that BC survivors extend
adjuvant TAM therapy from 5 to 10 years to prevent recurrence
and increase overall survival (3, 5). This increase in treatment
duration implies that increasing numbers of women may be
suffering from several menopausal symptoms as the most common
side effects of TAM (6). Among them, hot flushes and sweating
(HEFS), sleep problems (SP), joint and muscular discomfort (JMD),
and physical and mental exhaustion (PME) were reported to occur in
most patients with BC taking TAM (7-10). These symptoms have
been found to develop in Korean patients with BC (11). Despite not
being life threatening, these symptoms reportedly impact negatively
on patients” quality of life and undermine TAM adherence (9, 12).

One of the key menopausal-symptom treatments, hormone
replacement therapy, is contraindicated in BC survivors due to a
potentially increased risk of cancer recurrence (10). Thus, non-
hormonal strategies or non-pharmacological therapies have been
preferred for of menopausal-symptom treatment in patients with BC
(13, 14). To identify interventions that ameliorate symptoms and
provide better support throughout a patient’s treatment journey, it is
important to understand the patients’ menopausal symptoms and
symptom trajectories during TAM therapy. Healthcare providers can
better predict the timing of their patient’s menopausal symptoms and
concentrate on caring for patients at risk of elevated
symptom burden.

Various studies have investigated the menopausal symptoms
experienced by patients with BC taking AET. However, previous
studies focused on identifying AET-related symptoms with the
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highest occurrence, intensity, and distress, including cramps, hot
flashes, fatigue, eye irritation, and heart discomfort (15-17).
Moreover, most research focused on Al-related symptoms rather
than those associated with TAM (7). Even if the study focused on
TAM-related symptoms, most research has been limited to cross-
sectional studies (9, 10, 18, 19). Relevant longitudinal or cohort
studies are limited; hence, the changes in symptoms over time have
not been fully elucidated.

In addition, chemotherapy has been known to produce a
temporary or permanent menopausal status in premenopausal
women. Young women receiving adjuvant chemotherapy are
known to experience premature menopause, resulting in
increased and occasionally abrupt onset of menopausal
symptoms (20). These symptoms may prompt young women
undergoing chemotherapy to seek treatment for the prevention
or amelioration of symptoms associated with TAM-therapy
initiation. Most Korean women are diagnosed with BC in their
early 40s resulting in > 50% of them being in a premenopausal
state (11). Therefore, it is necessary to determine whether
menopausal symptoms appear or worsen after TAM initiation
in Korean premenopausal women with BC who have already
received chemotherapy.

Therefore, this study aimed to explore symptom trajectories
over 24 months of four menopausal symptoms, including HFS,
SP, JMD, and PME, experienced by premenopausal women
diagnosed with BC taking TAM and determine the incidence
of menopausal symptoms in patients who would have already
undergone chemotherapy upon initiating TAM.

Materials and methods
Study design

This was a prospective observational study.

Participants and procedure

Between November 2016 and April 2017, 556 consecutive
women with histologically confirmed BC at Asan Medical Center
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were screened for eligibility upon admission for surgery. Inclusion
criteria were as follows: cases with in situ, stage I, II, or III hormone
receptor-positive BC; age at diagnosis > 20 years; and definitive
surgery followed by AET, irrespective of chemotherapy. Women
with distant metastases at diagnosis (stage IV BC); local or regional
recurrent tumors; or medical history of psychiatric or neurologic
illness were excluded. The detailed sampling and attrition process has
been described in a previous study (21). Among 370 eligible patients,
210 consented to participate in this study (137 declined to participate,
and 23 could not be contacted). Among the 210 patients, 107 were
excluded (90 withdrew their consent during the study, 8 were lost to
follow-up, 2 stopped AET, and 7 developed recurrent BC during the
first 24 months of AET). During the hospital stay after breast cancer
surgery, subjects were contacted by a clinical research nurse. After
obtaining consent, patients completed paper-based questionnaires at
the first visit (Time 1) to the clinic after discharge and at 3,6,12,and 18
months visit to the clinic after initiating TAM.

In this study, out of the 210 patients, we selected 135 patients who
have prescribed TAM and were pre-menopausal. Those who do not
meet the menopause criteria were classified as pre-menopause.
Criteria for determining menopause included any of the following:
age > 60 years or age < 60 years with amenorrhea for > 12 months in
the absence of prior chemotherapy or receipt of TAM and Follicle-
stimulating hormone (FSH) in the post-menopausal range (= 30
mIU/ml) (5). We classified data collected at 3 and 6 months as Time 2
and thatat 18 and 24 months as Time 4. Therefore, Time 1 represents
the data collected upon TAM initiation at baseline, and Time 2
represents data at 3-6 months, Time 3 at 12 months, and Time 4 at
18-24 months after initiating TAM. Finally, 104 patients without
missing data were used in the analysis.

At Time 1, we collected patients’ general characteristics from
electronic medical records with their consent, including age,
educational level, employment status, prior history of cancer,
family history of cancer, cancer stage, and treatment process
(type of surgery, chemotherapy, and radiation therapy).

Measures

HES, SP, JMD, and PME symptoms were measured using the
Korean version of the menopause rating scale (MRS) (22). The scale
comprises three dimensions: somato-vegetative, psychological, and
urogenital symptoms, with 11 items. Each item was scored using the
following 5-point Likert scale: no symptom = 0, mild = 1, moderate
= 2, severe = 3, and extremely severe = 4. A higher total score
indicated greater self-reported menopausal symptoms. The scale’s
Cronbach’s o was 0.88.

We assessed adherence to TAM. Patients were asked to rate their
adherence rates from 0% to 100% from the last prescription date to
the date of reporting medication adherence from Time 2 to Time 4. A
100% rating meant that the patient had taken medication every day,
and a 0% rating meant that the patient had not taken any medication
on any day.
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Statistical analysis

Statistical analyses were performed using SPSS software
(version 26.0; SPSS Inc., Chicago, IL, USA). Participant
characteristics were analyzed using descriptive analysis.
Furthermore, we analyzed the proportion of patients reporting
a score of =1 and >2 for each of the four symptoms and the
number of patients according to the number of symptoms
reporting a score of 21 and 22 over the four time points using
descriptive analysis. Symptom changes on the four time points
and interaction effects between participant characteristics and
symptoms were analyzed using repeated measures analysis of
variance (ANOVA), including the Bonferroni adjustment in the
post-hoc analysis. Furthermore, the chi-square test was used to
evaluate the differences between “no symptom to mild” and
“moderate-to-extremely severe” at Time 2, according to the
chemotherapy treatment experiences of patients who reported
a “no symptom or mild” score at Time 1.

Results

Table 1 presents an overview of the participants’ characteristics.
A total of 104 premenopausal patients diagnosed with BC and
receiving TAM therapy were included in this study. The mean age
was 43.5 + 6.9 years, and 79.8% of the patients were aged > 40 years.
Approximately 60% of them had a university education or above
(64.4%), and 55.8% were employed. A high percentage of patients
did not have prior (95.2%) or family (67.3%) history of cancer. Most
patients were diagnosed with stage I, II, or III (81.7%), and 83.7%
underwent conservation surgery. In the course of their treatment,
32.7% and 86.5% of patients received chemotherapy and radiation
therapy, respectively. The overall patients’ TAM adherence was
highest at Time 2 with an average of 96.2% (median of 100%) and
the lowest at Time 3 with an average of 91.9% (median of 99%).

Figure 1 describes the proportion of patients reporting
“mild” and “moderate-to-extremely severe” MRS scores for
HES, SP, JMD, and PME symptoms over four time points. All
four symptoms were reported in > 70% patients after initiating
TAM from Time 2 to Time 4. HES exhibited the greatest
increase, from 38.5% at Time 1 to 86.5% at Time 2. The
proportion of patients with “moderate-to-extremely severe”
MRS scores increased from 53.8% at Time 2 to 58.7% at Time
4. SP and PME demonstrated a high proportion from 67.3% and
73.1% at Time 1 compared to the other two symptoms.

Figure 2 presents the number of patients according to the
number of symptoms reporting “mild-to-extremely severe” (>1)
and “moderate-to-extremely severe” (>2) scores over the four
time points. The number of patients who scored > 1 for all four
symptoms were 19 (18.3%), 56 (53.8%), 61 (58.7%), and 60
(57.7%) at Times 1, 2, 3, and 4, respectively. The number of
patients who scored =1 for all four symptoms at Time 1
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TABLE 1 Overview of participant characteristics.
Characteristics

Age (years)
< 40
> 40

Education level

University and above

High school or below

Employment status Unemployed
Employed
Prior history of cancer No
Yes
Family history of cancer No
Yes
Cancer stage In situ

Invasive (Stage I, II, or III)

Type of surgery

Mastectomy

Conservation

Chemotherapy Not done
Done
Radiation therapy Not done
Done
Adherence to TAM (%) Time 2
Time 3

Time 4

increased approximately 3 times at Time 2 and remained
constant until Time 4. Approximately 55% of patients taking
TAM experienced four mild-to-extremely severe symptoms
simultaneously after taking TAM.

The number of patients with scores > 2 for two or more
symptoms were 36 (34.6%), 57 (54.8%), 56 (53.9%), and 56
(53.9%) at Times 1, 2, 3, and 4, respectively. The number of
patients with scores > 2 for at least two symptoms at Time 1
increased approximately 1.5 times at Time 2 and remained

Proportion of patients (%)

452

37
3.4
33

Time 2

413

Time 3

Time 1

Time 2

Timed  Time 1 Time 3

Sweating/flush Sleeping disorders

B W E N Symptomsscores=1

FIGURE 1

Proportion of patients reporting “mild” and "moderate-to-extremely severe” scores for HFS, SP,
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n (%) or Mean (SD)

435 (6.9)
21 (20.0)
83 (79.8)
37 (35.6)
67 (64.4)
46 (44.2)
58 (55.8)
99 (95.2)
5 (4.8)
70 (67.3)
34 (32.7)
19 (18.3)
85 (81.7)
17 (16.3)
87 (83.7)
70 (67.3)
34 (32.7)
14 (13.5)
90 (86.5)
96.2 (14.1)
91.9 (21.8)
95.0 (11.6)

constant until Time 4. Approximately 50% of patients taking
TAM experienced two or more symptoms after taking TAM.
Table 2 presents the repeated measures ANOVA results with
a Greenhouse-Geisser correction for the four menopausal
symptoms at the four time points. There were significant
changes in all symptoms: HFS (p<.001), SP (p<.001), JMD
(p<.001), and PME (p=.004). Since initiating TAM, HFS
exhibited the highest mean scores. SP showed the highest at
Time 2, JMD at Time 3, and PME at Time 4. Post hoc analysis

2

Time | Time3  Time4  Timel

Time 2

Time2  Time3  Timed

Joint & nuscle complaints Exhausted

Symptoms scores 2 2

JMD, and PME symptoms.
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Number of patients according to the number of symptoms reporting a score>1
2
Time3 2 3 9 21 61
Time2 2 (0§ 12 29 56
Time 1 14 1 21 31 19
0% 10% 20% 30% 10% 50% 60% 70% 50% 90% 100%
Proportion of patients
Number of symptoms reporting a score>1 =0 =1 =2 m3 w4
Number of patients according to the number of symptoms reporting a score>2
£ mines » » T T T
2
2
o 10 20% 0 40 50 60% 0 50 0% 100%
Proportion of patients
Number of symptoms reporting a score>2 0 =1 52 83 B4
FIGURE 2

The number of patients according to the number of symptoms reporting a score >1 and >2 at four time points.

with a Bonferroni adjustment revealed that HFS and JMD were
statistically significantly increased from Time 1 to Time 2
(p<.001), 3 (p<.001), and 4 (p<.001). SP were statistically
significantly increased from Time 1 to Time 2 (p=.004) and
PME were statistically significantly increased from Time 1 to
Time 2 (p=.026) and 4 (p=.023).

Table 3 presents the interaction effects of participant
characteristics on patient-reported symptoms at the four time
points. There were statistically significant interaction effects
between age and time on SP change (p=.019). Patients aged <
40 years demonstrated significantly higher SP scores than those
aged > 40 years after initiating TAM therapy. There were
significant interaction effects between chemotherapy and time
on JMD change (p=.025). Patients who had undergone
chemotherapy exhibited significantly higher JMD scores than
those who had not over the four time points.

Table 4 presents the differences in menopausal-symptom
scores at Time 2 according to the chemotherapy treatment
experiences of patients who reported “no symptom-to-mild” at
Time 1. The results revealed no significant differences between

TABLE 2 Symptom scores at four time points.

Menopausal symptoms Time 1 Time 2
Hot flushes and sweating 0.64 1.71
Sleep problems 1.17 1.55
Joint and muscular discomfort 0.72 1.27
Physical and mental exhaustion 1.18 1.48
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“no symptom-to-mild” and “moderate-to-extremely severe” at
Time 2 according to patients’ chemotherapy-treatment
experiences. However, among patients who had undergone
chemotherapy, 56.5% and 43.5% who either did not or mildly
experienced HFS and JMD at Time 1 experienced “moderate-to-
extremely severe” symptoms at Time 2, respectively.

Discussion

This study’s findings provide 24-month trajectories of four
menopausal symptoms, including HFS, SP, JMD, and PME,
experienced by premenopausal women diagnosed with BC
taking TAM in Korea. This study further provides longitudinal
symptom trends of BC in Korean women, with BC incidence
being higher in the early 40s and > 50% of patients being
premenopausal women, whereas in western countries, BC
incidence is predominantly in the 50s (11).

In this study, patient adherence to TAM was found to be
relatively high (> 91%), which is consistent with a previous study

Time 3 Time 4 F P
1.52 1.77 47.731 <.001
1.39 1.40 4435 <.001
1.44 1.31 13.824 <.001
1.38 1.51 4711 004
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TABLE 3 Interaction effects of participant characteristics on patient-reported menopausal symptoms over four time points.

Symptoms Characteristics Time 1 Time 2 Time 3 Time 4 F P

Sleep problems Age <40 1.05 1.90 1.57 1.90 3.496 .019
> 40 1.20 1.46 1.35 1.28

Joint and muscular discomfort Chemotherapy Done 1.06 1.76 1.56 1.32 3.169 .025
Not done 0.56 1.03 1.39 1.30

TABLE 4 Menopausal-symptom scores at Time 2 according to chemotherapy in patients who reported “no symptom-to-mild” scores at Time 1.

Symptoms Chemotherapy
Hot flushes and sweating Done
Not done
Sleep problems Done
Not done
Joint and muscular discomfort Done
Not done
Physical and mental exhaustion Done
Not done

Data are presented as number of patients (%).

that reported > 94% of Korean patients with BC (21), although
up to 50% of patients with BC are generally known not to take
TAM for the full duration (23). A previous study has suggested
that this result is due to the ceiling effect. In this study, as TAM
adherence was high, menopausal symptoms, which were side
effects of TAM, were also prevalent in many patients from 3
months to 24 months after initiating TAM administration. All
four menopausal symptoms were reported in > 70% of patients
with BC after initiating TAM and persisted until 24 months.
More than 50% of patients experienced four menopausal
symptoms, with at least two at a serious severity level 3-6
months after initiating TAM.

HES occurred in > 80% of patients after initiating TAM,
consistent with previous studies in which TAM-prescribed
patients with BC patients had a prevalence of approximately
80% (10, 24). We found that the proportion of patients and
mean scores exhibited the greatest increase at 3-6 months after
initiating TAM. These increases did not continue beyond 24
months; however, they seemed consistent up to 24 months after
taking TAM, indicating that HES persists for a long time. Among
the four menopausal symptoms, HFS symptom intensity was
found to be predominant. We also found that > 47% of patients
experienced moderate-to-extremely severe symptoms after taking
TAM, and this proportion increased to > 55% at 18-24 months
after initiating TAM, a figure that was slightly lower than the 60%
reported in previous studies on patients with BC patients taking
TAM (10, 25). This paper adds the following new information:
among patients who have no or mild HFS before commencing
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MRS scores in Time 2 X P
0-1 2-4
10 (43.5) 13 (56.5) 1.006 316
34 (55.7) 27 (44.3)
15 (78.9) 4(21.1) 1.090 296
33 (66.0) 17 (34.0)
13 (56.5) 10 (43.5) 3.449 063
47 (77.0) 14 (23.0)
10 (66.7) 5(33.3) 0.326 568
31 (58.5) 22 (41.5)
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TAM, > 55% of those who had undergone chemotherapy
deteriorated to “moderate-to-extremely severe” at 3-6 months
after initiating TAM. This result may provide evidence that
corroborates previous research in which HES and chemotherapy
were not associated with postmenopausal women but possibly
with premenopausal women (10). HES has been found to be the
greatest factor for intentional non-adherence to AET as well as
negatively affect the quality of life of women with BC (25, 26).
When prescribing TAM in clinical practice, it is necessary to
consider the possibility of HFS occurrence in most patients, and
that > 50% of these patients experience severe symptoms,
especially in those who would have undergone chemotherapy.
JMD occurred in > 70% of patients after taking TAM,
consistent with previous studies on TAM-prescribed patients
with BC that indicated a prevalence of approximately 70% (20).
We found a significant interaction effect between chemotherapy
and time on JMD change. Patients who underwent
chemotherapy exhibited higher JMD scores from baseline than
those who did not undergo chemotherapy, and they experienced
more amplified JMD after commencing TAM treatment. Even
among patients with no or mild JMD, > 40% of those who
underwent chemotherapy have been shown to experience a
worsening of symptoms 3-6 months after initiating TAM, a
figure that is approximately twice that of those who have never
undergone chemotherapy. This study’s results emerged due to
the fact that various types of chemotherapy cause JMD (27-29),
and the symptoms apparently worsened as TAM therapy was
initiated. JMD is known to have a significant impact on patient
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quality of life (30, 31), suggesting that active medical
intervention is required.

Interestingly, SP and PME occurred in > 60% patients from
baseline and persisted until 24 months after TAM. These two
symptoms have been known to worsen with the initiation of
chemotherapy or radiation therapy and were cumulative over
the treatment course (32-34). Previous studies have already
demonstrated that SP and PME are correlated (19, 35, 36).
Thus, the reason underlying the high proportions and mean
scores of SP and PME from baseline seems to be the patients’
treatment history, such as previous chemotherapy, radiation
therapy, or surgery, among others.

Regarding SP, we found interaction effects between age and
time on change. Patients aged < 40 years were found to
experience greater SP than those aged > 40 years. Our results
conflict with those of previous studies, showing solid evidence
that sleep is more fragmented as we age, and that increasing age
is associated with poorer sleep (37, 38). The reason this conflict
exists is probably that younger women are more likely to present
advanced disease and/or undergo aggressive treatment regimens
(39), both of which potentially lead to severe SP.

This study has limitations. First, patients in this study were
recruited from one tertiary hospital in Seoul, Korea, limiting the
generalizability of the findings. Second, sample bias is possible
because missing data were excluded. Third, medication TAM
adherence and the four menopausal symptoms were assessed
using patients’ self-reports, which are not exempt from self-
presentation or memory bias, thus leading to inaccurate
estimations of actual adherence and symptom changes (40).
Fourth, although healthcare providers provided further
interventions such as drug therapy, or consultation with
proper specialists according to the symptom severity
complained of by the patients with BC taking AET, these
interventions were not considered in the analysis of this study.

Conclusion

The present study investigated 24-month trajectories of four
menopausal symptoms experienced by premenopausal women
diagnosed with BC taking TAM in Korea. After initiating TAM
therapy, all menopausal symptoms occurred in > 70% of BC
patients. Patient symptoms increased at 3-6 months and
persisted until 24 months after initiating TAM. More than
50% of patients experienced four menopausal symptoms, with
at least two at a serious severity level. HFS occurred in the
highest number of patients with high scores. SP and PME
demonstrated relatively high scores, even before initiating
TAM therapy. Young patients aged < 40 years experienced
more severe SP than those aged > 40 years. Patients who had
previously undergone chemotherapy experienced JME at a more
severe and faster rate than those who had never undergone
chemotherapy over the four time points. The present findings
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may assist in alerting healthcare providers to menopausal
symptoms during TAM therapy and the need for early and
active intervention to minimize symptom occurrence and
distress. Appropriate interventions to manage SP in young
women aged < 40 years and JMD in those who would have
undergone chemotherapy should be implemented when
initiating TAM. In particular, in the case of HFS and JMD,
even if patients who have already undergone chemotherapy
experience no symptoms before initiating TAM, severe
symptoms may appear after TAM is initiated; therefore, active
intervention is necessary. Furthermore, healthcare providers
should be aware that patients may have high underlying SP
and PMEs even before initiating TAM.
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Baduanjin's impact on quality of
life and sleep quality in breast
cancer survivors receiving
aromatase inhibitor therapy:

a randomized controlled trial

Jingwen Liao™*, Yanyu Chen*', Li Cai*, Kun Wang?,
Shenghui Wu®, Lan Wu*, Bixiao Song?,
Min Hu'* and Xiaohui Hou*”®*

*Guangdong Provincial Key Laboratory of Physical Activity and Health Promotion, Guangzhou Sport
University, Guangzhou, China, ?Scientific Research Center, Guangzhou Sport University,
Guangzhou, China, *Department of Sports and Health, Guangzhou Sport University,

Guangzhou, China, *Department of Martial Arts, Guangzhou Sport University, Guangzhou, China,
>Department of Breast Cancer, Cancer Center, Guangdong Provincial People's General Hospital,
Guangdong Academy of Medical Sciences, Guangzhou, China, °®Department of Epidemiology and
Biostatistics, University of Texas Health San Antonio, Laredo, TX, United States, “School of
Kinesiology, Shanghai University of Sport, Shanghai, China, 8The Sports and Health Promotion
International Collaboration and Innovation Center for People with Disability, Guangzhou, China

Purpose: The aim of the current study is to investigate the impact of Baduanjin,
a traditional Chinese exercise, on quality of life and sleep quality in breast
cancer survivors receiving aromatase inhibitor (Al) therapy.

Methods: A total of 72 breast cancer survivors who had received Al treatment
for more3 than 6 months were enrolled in the current study using non-
probability consecutive sampling procedure. Participants were randomly
assigned in a 1:1 ratio to a 12-week Baduanjin exercise program or to a wait-
list control group. The Baduanjin exercise group performed two 90-min
supervised sessions per week. The primary outcomes were changes in
quality of life measured by the European Organization for Research and
Treatment of Cancer Quality-of-Life Questionnaire Core 30 (EORTC QLQ-
C30) and in sleep quality evaluated using the Pittsburgh Sleep Quality Index
(PSQI).

Results: A total of 68 participants completed the trial (Baduanjin exercise
group: n = 33; control group: n = 35). Baseline values for quality of life did
not differ between groups. Both global quality of life and physical functioning
scores increased significantly by 12.39 (P < 0.001) and 8.48 (P < 0.001) in the
Baduanjin exercise group compared with those in the control. Overall PSQI
score also decreased by 4.85 (P < 0.001) in the Baduanjin exercise group,
whereas it increased by 0.34 in the control group.

Conclusion: Baduanjin exercise training led to improvement in the quality of
life and sleep quality of breast cancer patients undergoing Al therapy.
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Introduction

Breast cancer is the most diagnosed neoplasm and the most
represented cause of death in women worldwide (1). Aromatase
inhibitors (Als), a form of endocrine therapy, are a mainstay of
the adjuvant approach for reducing the growth-stimulatory
effects of estrogen in hormone-positive breast cancer of
postmenopausal women (2). However, Als would cause side
effects including myalgia, arthralgia, and fatigue that may lead to
medication non-adherence and significant decrease in quality of
life (3, 4). Furthermore, there is evidence in the literature that
approximately 20%-70% of breast cancer patients suffer from
poor sleep quality (5). Due to these adverse impacts, adherence
to Al therapy is poor (6, 7). Furthermore, long-term cancer
treatment imposes an economic burden on cancer patients and
subsequently reduces their quality of life (8, 9). Therefore, it is
important to develop effective and affordable treatment
strategies to improve quality of life and sleep quality for breast
cancer patients undergoing Al therapy.

The effectiveness of exercise interventions on alleviating the
negative effects of treatments in breast cancer patients and
survivors has been well reviewed (10). More recent evidence
supports that both resistant exercise (11) and mixed protocols
(including sessions of aerobic and strength training) (12, 13) are
safe and effective in muscle function, physical performance, and
quality of life among breast cancer patients with Al treatment.
An interesting type of physical exercise (compared to established
types such as aerobic exercise) that might be beneficial for breast
cancer patients is Baduanjin (14), a traditional Chinese mind-
body exercise incorporating and combining different slow-
motions and breathing exercises (15). One advantage of
Baduanjin is that it is based on eight simple movements that
can be easily learned and are derived from Chinese medical
theory (16). On the other hand, Baduanjin has been reported to
be safe to perform with relatively few adverse events (17). The
beneficial effects of Baduanjin have been fully reviewed; it can
improve cognitive function (15, 18), cardiopulmonary function
(19), and mental illness (20). Even though there are studies
reporting that the Baduanjin exercise had positive clinical effects
on breast cancer patients (including quality of life and sleep
quality) (21, 22), few indicated the use of Als. It is currently not
well-investigated whether the Baduanjin exercise is an effective
way to improve self-reported quality of life and sleep quality in
breast cancer survivors undergoing Al treatment. Thus, the aim
of the current study is to examine the impact of Baduanjin on
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measures of self-reported quality of life and sleep quality in
breast cancer patients undergoing Al therapy.

Materials and methods
Study design and recruitment

This single-blinded randomized controlled trial was
conducted in Guangdong Provincial People’s Hospital at
baseline and 12 weeks after the treatment using consecutive
sampling. This non-probability sample selection for the
recruitment is a rigorous process of conducting research
including those who meet the predefined inclusion and
exclusion requirements by the residents. Therefore, every
breast cancer survivor staying in the hospital had an equal
chance of being recruited as a participant in this study. Eligible
participants met the following criteria: 1) age between 18 and 75
years; 2) diagnosis with stage I-III breast cancer for 6 months to
8 years prior to recruitment; 3) undergoing Al treatment for
more than 6 months; and 4) never participated in Baduanjin
exercise training in the last 6 months or no previous Baduanjin
training experience for more than 3 months. The following
exclusion criteria were used: 1) unstable or serious neurologic
disease, musculoskeletal disorder, renal failure, cardiovascular or
respiratory diseases such as uncontrolled hypertension, and
chronic obstructive pulmonary disease; 2) plan of a surgery,
such as a joint replacement for the next 6 months; or 3) high-
intensity physical exercise experience more than 5 h per week.
The ethics committee of Guangdong Provincial People’s General
Hospital [Approval No. GDREC2016424H (R1)] approved this
research protocol, and each participant has provided written
informed consent. This trial was registered in ClinicalTrials.gov
PRS (NCT03162133), and all procedures were in accordance
with the principles stated in the Declaration of Helsinki.

Baduanjin intervention

Eligible participants were allocated either to a 12-week
Baduanjin intervention group or to a wait-list control group
(Figure 1). After baseline tests, participants of the Baduanjin
intervention group were instructed to attend a Baduanjin
program. The program was composed of 90 min per session with
2 sessions per week (Monday and Wednesday) for 12 weeks. Each
session consisted of a 10-min warm-up, a 70-min Baduanjin form,
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Pre-intervention evaluation and
treatment assessment (n=86)
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« Ineligible based on medical records (n=1)

« Declined to participate (n=10)
+ Mobility/functional limitations (n=3)
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+ Received allocated intervention (n=35)
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(declined to participate) (n=1)

{

Follow-Up .I l

Allocated to Baduanjin group (n=36)
+ Received allocated intervention (n=36)
« Did not receive allocated intervention (n=0)
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Discontinued intervention (n=0)

Lost to follow-up (lack of interest) (n=2)

Discontinued intervention (illness) (n=1)

Analysed (n=35)
+ Excluded from analysis (n=0)

FIGURE 1
Flow Diagram Depicting the Study Design

and a 10-min cooldown. The whole Baduanjin form included eight
postures and was in accordance with the standardized Baduanjin
training program “Health Qigong Baduanjin Standard” established
by the General Administration of Sports of China (23). Briefly, the 8
postures were (as shown in Figure 2): 1) prop both hands to the sky;
2) draw a bow on both sides like shooting a vulture; 3) raise a single
arm; 4) look back; 5) sway the head and shake the tail; 6) clench
fists; 7) touch toes by hands with flexion of hip and extension of
knee joint; 8) rise and bounce on the toes seven times. Two senior
Baduanjin instructors from Guangzhou Sports University
conducted the training and recorded the participants’ attendance.
Participants of the wait-list control group were instructed to
continue performing their usual care and daily activities and to
refrain from doing any Baduanjin exercise. After their posttest, they
were able to attend the Baduanjin program.

Outcome measurements

Quality of life: European organization for
research and treatment of cancer quality-of-
life questionnaire core 30

The primary outcome was quality of life measured by
European Organization for Research and Treatment of
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Analysed (n=33)
+ Excluded from analysis (n=0)

Cancer Quality-of-Life Questionnaire Core 30 (EORTC
QLQ-C30), which is a 30-item scale that are grouped into
the following: five function scales (physical, role, emotional,
cognitive, and social), nine symptom scales (fatigue, nausea/
vomiting, pain, dyspnea, insomnia, appetite loss,
constipation, diarrhea, and financial difficulties), and a
global score of quality of life. All scales were linearly
transformed to a 0-100 score according to the EORTC
Scoring Manual. A higher score for functional scales and
global quality of life reflects a better level of functioning, while
a higher score in symptom scales indicates a high level of
problems (24).

Sleep quality: Pittsburgh sleep quality index

The Pittsburgh Sleep Quality Index (PSQI) was used to
assess sleep quality at baseline an d post-intervention. The
questionnaire consists of 19 questions, and seven
component scores were then generated: sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep disturbances,
use of sleeping medication, and daytime dysfunction.
Scoring of answer was based on a scale of 0-3 (total score
of 21). A global score was calculated from summing the
subscale scores. Lower scores indicate better sleep quality.
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FIGURE 2
Eight Postures of the Baduanjin Form

Demographics and medical history

Demographic data (name, age, weight, height, marital status,
and employment status) were collected by interviewing the
participants. Medical history (time since diagnosis, time since
initiating AL, breast cancer stage, type of surgery, comorbidities,
and complications) was obtained from medical records.

Sample size

The population of the current study included individuals
diagnosed with breast cancer. In order to calculate the sample
size, power was assumed as 0.90 and type 1 error as 0.05.
Considering a 20% attrition rate, a sample size of 72
participants for the two groups was finally decided to be
needed. Power in changes of quality of life (EORTC QLQ-
C30) was calculated to determine the effect size (d) of the
Baduanjin intervention. Power in global quality of life was
0.999 (d = 0.704); the highest power was found in Physical
functioning by 0.999 (d = 0.746) and lowest in Financial by 0.055
(d = 0.005). Effect size is interpreted as d = 0.20 (small), d = 0.50
(medium), and d = 0.80 (large).

Randomization and blinding

After baseline assessment, 72 patients who met the inclusion
and exclusion criteria were allocated by simple randomization
with 1:1 ratio (control group:exercise group) performed by the
random number table. Allocation concealment was conducted
by the envelope method. Due to the obviously different
programs between groups, this study is a single-blinded study.
The outcome measurements were evaluated by trained assessors
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who were unaware of group allocation; the participant was
required not to talk about the received intervention.

Statistical analyses

SPSS 17.0 (IBM, Armonk, NY, USA) was used to perform all
statistical tests. Descriptive analyses were applied to characterize
baseline patients; differences between groups were compared
using independent-samples t-test for continuous data and chi-
square test for categorical data. The primary outcomes (scores of
the EORTC QLQ-C30 or PSQI) between groups of baseline,
post-intervention, or the changes used independent-samples t-
test. Intragroup differences were analyzed using paired t-test.
Analysis of the outcomes was performed based on the intention-
to-treat principle. Minimal detectable change at 90% confidence
(MDCy) was calculated to evaluate the efficacy of the Baduanjin
training on outcome measures. The level of significance was set
for all statistical tests at P < 0.05.

Results

Flow of participants through the trial and
baseline characteristics

Participants were recruited from the Breast Surgery Clinic of
Guangdong Provincial People’s General Hospital from
November 2016 to May 2017 using a non-probability
consecutive sampling. Among the 72 patients who met the
enrollment criteria and were willing to participate, 38
participants completed the trials and were included in the
analysis. Figure 1 shows the flow of participants throughout
the trial. Table 1 presents the baseline characteristics.
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TABLE 1 Baseline characteristics of patients*.

Characteristics Control group (n =
Age, years 54.63 (8.44)
BMI, kg/m? 23.37 (3.92)
Marital status, No. (%)
Married 31 (88.6)
Divorced/separated 1(2.9)
Single 0 (0)
Unclear 3 (8.6)
Employment status, No. (%)
Employed full- or part-time 16 (45.7)
Unemployed 3 (8.6)
Retired 14 (40.0)
Unclear 2 (5.7)
Time since diagnosis, years 2.17 (2.13)
Time since initiating Al, years 6.66 (2.27)
Overall grade, No. (%)
I 10 (28.6)
11 16 (45.7)
111 8 (22.9)
Missing/NA 1(29)

BMI, body mass index; SD, standard deviation; AI, aromatase inhibitor.

35)

10.3389/fonc.2022.807531

Exercise group (n = 33) P*
53.12 (7.02) 0.905
22.14 (2.67) 0.450

22 (66.7) 0.058
0 (0)
2(6.1)
9 (27.3)
14 (42.4) 0530
3(9.1)
16 (48.5)
0 (0)
3.00 (2.54) 0244
240 (231) 0.195
5(15.2) 0.548
20 (60.6)
7 (21.2)
1(0)

*Data are presented as the mean (SD) for continuous variables and frequency (percentage) for categorical variables.

*P value for difference between groups.

Outcomes and estimation

Changes in quality of life

Table 2 summarizes the quality of life outcomes based on
scores of the EORTC QLQ-C30. The baseline scores did not
differ between the two groups. After 12 weeks of intervention,
significant changes from baseline were observed for most
functional scales, some symptom scales, and global score (P <
0.05). Functional scales increased significantly, among which
physical functioning score increased by 8.48 in the exercise
group while it decreased by 3.66 in the control (P < 0.01). For
symptom scales, significant decreases in the Baduanjin exercise
group were also observed for fatigue (P = 0.010), nausea/
vomiting (P = 0.047), pain (P = 0.014), insomnia (P = 0.020),
and diarrhea (P = 0.038) compared with those in the control.

Changes in sleep quality

Table 3 summarizes the sleep quality index based on scores
of the PSQL The baseline values for sleep quality did not differ
between groups. Overall change of PSQI score decreased by 4.85
in the Baduanjin exercise group compared with 0.34 in the
control group (P < 0.01). Significant changes from baseline to
post-intervention were also observed for sleep quality (P =
0.001), sleep latency (P = 0.007), sleep duration (P = 0.010),
sleep efficiency (P = 0.001), sleep disturbances (P = 0.001), and
daytime dysfunction (P = 0.001). Results of the MDCy, estimates
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and the proportion of participants who met the MDCy, were
summarized in Supplementary Table SI.

Adverse events

Thirty-three (92%) of the 36 total participants in the
Baduanjin exercise group completed the training sessions.
There were no major adverse events or complications found
during the study.

Discussion

The objective of this study was to evaluate the effectiveness of
the Baduanjin exercise employed in breast cancer patients who
were under AI treatment. The data suggest that 12-week
Baduanjin exercise significantly increases self-reported quality
of life and sleep quality in those participants when compared
with those in the control group. In the intragroup analysis, there
were significant statistical differences only in the Baduanjin
intervention group. Results from this study support the
hypothesis that Baduanjin has positive influences on most
functioning subscales and global score of quality of life; sleep
quality scores were also beneficially changed. AI treatment in
breast cancer patients has several serious side effects such as
musculoskeletal problems (25), menopausal syndromes (26),
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TABLE 2 Effects of Baduanjin on quality of life (EORTC QLQ-C30)*.

10.3389/fonc.2022.807531

Baseline P’ Post-intervention P’ Change p¥
Control Exercise Control Exercise Control Exercise

Physical functioning 85.31 + 14.84 82.91 + 12.03 0.261 81.66 + 13.35 91.39 + 7.58 0.513 -3.66 + 13.78 8.48 + 8.65 0.000
Role functioning 89.97 + 16.77 85.45 + 18.98 0.251 88.69 + 16.49 92.33 + 10.81 0.869 -1.29 + 14.64 6.88 + 17.66 0.015
Emotional functioning 78.29 + 13.95 75.52 + 18.72 0.700 78.06 + 13.45 84.94 + 13.39 0.330 -0.23 + 12.36 9.42 + 19.15 0.010
Cognitive functioning 79.91 + 17.94 75.64 + 20.8 0.440 79.09 + 15.80 84.85 + 10.79 0.882 -0.83 + 17.00 9.21 +21.42 0.026
Social functioning 82.37 + 20.57 78.21 + 29.03 0.834 84.8 + 18.61 87.73 + 17.61 0.121 2.43 + 1829 9.52 +24.72 0.193
Fatigue 32.23 + 23.61 31.12 + 19.88 0.789 27.49 + 22.16 14.24 + 12.47 0.855 -4.74 + 19.98 -16.88 + 19.75 0.010
Nausea/vomiting 0.97 + 4.00 4.61 + 12.79 0.109 0.94 + 558 0.52 + 2.96 0.932 -0.03 + 4.00 -4.09 + 12.62 0.047
Pain 29.51 + 23.17 28.36 + 22.58 0.781 23.37 + 21.46 12,67 + 13.12 0.851 -6.14 + 18.52 -15.70 + 14.45 0.014
Dyspnea 1229 + 18.14 14.06 + 20.42 0.792 10.4 + 17.58 10.06 + 17.09 0.272 -1.89 + 19.61 -4.00 + 21.98 0.633
Insomnia 32.26 + 29.73 30.21 + 33.73 0.576 33.26 + 29.23 15.64 + 20.73 0.486 1.00 + 24.96 -14.58 + 30.36 0.020
Appetite loss 3.77 + 10.65 8.03 + 16.67 0.261 471 +11.72 3.55 +9.07 0.827 0.94 + 12.62 448 + 17.77 0.251
Constipation 8.51 + 16.78 11.06 + 23.04 0.836 7.54 + 14.06 1.00 + 5.74 0.400 -0.97 + 15.01 -10.06 + 22.77 0.092
Diarrhea 2.83 +9.37 7.00 + 13.70 0.144 6.60 + 13.39 4.00 +10.94 0.827 3.77 + 10.65 -3.00 £ 15.13 0.038
Financial 18.00 + 24.68 21.18 + 31.01 0.939 15.14 + 20.31 18.15 + 32.38 0.523 -2.86 + 20.39 -3.03 + 24.07 0.810
Global quality of life 71.94 + 19.47 67.15 + 11.22 0.319 69.63 + 17.14 79.55 + 10.58 0.627 231 +19.25 12.39 + 8.08 0.000

EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30; SD, standard deviation.

*Data were presented as mean + SD; control group (n = 35); exercise group (n = 33).
“P value for difference between groups at baseline or post-intervention.
&P value for change between groups from baseline to post-intervention.

and sleep disorders (27), which can lead to low treatment
adherence (6) and reduced quality of life (7). It has been
consistently shown that the Baduanjin exercise can improve
breast cancer patients’ quality of life and sleep quality (22);
however, to the best of our knowledge, there are few randomized
clinical trials available that evaluated the effect of the Baduanjin
training in breast cancer patients under Al treatment.

Several instruments identifying quality of life have been
validated for breast cancer survivors, among which the
EORTC QLQ-C30 and Functional Assessment of Cancer
Therapy-Breast (FACT-B) are most commonly used for the
Baduanjin intervention on breast cancer patients (4). The

TABLE 3 Effects of Baduanjin on sleep quality index (PSQI)*.

current results of quality of life based on the EORTC QLQ-
C30 showed that Baduanjin had obvious beneficial effects on
most functioning subscales (physical, role, emotional, and
cognitive functioning); in particular, the change of physical
functioning in the intervention group increased by 8.48 while
it decreased by 3.66 in the control group with significant
difference. Notably, the change in fatigue symptom subscales
in the Baduanjin group was also significantly lower than that of
the control, and the global quality of life score increased by 12.39
compared with 2.31 decrease in the control group. These results
reached or exceeded the minimal important difference
established in a previous study with patients suffering from

Baseline p* Post-intervention p* Change p¥
Control Exercise Control Exercise Control Exercise

Subjective sleep quality 1.57 + 0.81 1.73 + 0.84 0.455 1.49 + 0.89 0.91 + 0.63 0.769 -0.09 + 0.85 -0.82 +0.77 0.001
Sleep latency 1.66 + 1.11 1.67 + 1.14 0.965 1.57 + 1.12 1.00 + 0.71 0913 -0.09 + 0.74 -0.67 + 0.89 0.007
Sleep duration 1.57 + 0.85 1.61 + 0.90 0.870 1.51 +0.95 1.06 + 0.70 0.384 -0.06 + 0.68 055 + 0.71 0.010
Sleep efficiency 1.06 + 1.08 115+ 1.20 0.897 1.29 + 1.25 0.39 + 0.56 0.066 0.23 + 1.00 -0.76 + 1.06 0.001
Sleep disturbances 1.49 + 0.61 1.64 + 0.86 0.508 1.43 + 0.70 0.82 + 0.58 0.648 -0.06 + 0.68 -0.82 + 0.95 0.001
Use of sleeping medication 0.40 + 0.77 0.33 +0.85 0375 0.31 + 0.76 0.15 + 0.44 0.361 -0.09 + 0.70 -0.18 + 0.68 0.566
Daytime dysfunction 1.89 + 0.99 2.00 + 1.00 0.607 1.69 + 0.99 0.94 + 0.50 0.657 -0.20 + 0.99 -1.06 * 0.93 0.001
PSQI score 9.63 +3.98 10.12 + 4.05 0.615 9.29 + 4.52 527 +2.14 0.401 0344273 -4.85 + 2.96 0.000

PSQI, Pittsburgh Sleep Quality Index; SD, standard deviation.

*Data were presented as mean + SD; control group (n = 35); exercise group (n = 33).
“P value for difference between groups at baseline or post-intervention.

&P value for change between groups from baseline to post-intervention.
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advanced cancer (28). Since fatigue is one of the most disturbing
adverse reactions in breast cancer patients and can seriously
affect the patient’s physical function and quality of life (29, 30),
the Baduanjin training-induced decrease of fatigue scores might
be one important factor contributing to the improved self-
reported quality of life (31). The current observation is in line
with recent published studies (14, 18) that focus on the
influences of the Baduanjin intervention on physical and
psychological health and cognitive function among in women
with breast cancer even receiving chemotherapy.

Sleep-related disorders such as insomnia complaints exceed
half of AI users who were diagnosed with breast cancer, which is
also highly associated with other clinical symptoms including
anxiety, depression, and hot flashes (27). In the current study, we
observed that the Baduanjin training improved self-reported sleep
quality (indicated by lower PSQI scores except for the use of
sleeping medication); previous studies also found that Baduanjin
significantly improved insomnia measured by PSQI with elevated
levels of serum melatonin (32). For breast cancer patients under
Al therapy, our findings address the gap and additionally support
that the Baduanjin training is an effective intervention strategy
leading to improvement of self-reported quality of life.

Even though the biological process contributing to the
observed outcome is unclear, inflammatory markers might play
a role. Chronic inflammation is present in breast cancer (33) and
is considered as a key biological factor causing fatigue and
decreased physical function in those patients (34). There is
evidence that among women taking Als, the coexistence of
fatigue, insomnia, and arthralgia shared an inflammaotry
mechanism (35) and that mind-body interventions (such as
Baduanjin) could reduce inflammatory markers (36). Hence, it
seems reasonable to speculate that long-term Baduanjin training
might suppress inflammatory activities caused by Al treatment; to
prove this assumption, further well-designed research is required.
Moreover, studies focusing on this effectiveness of the Baduanjin
training were encouraged to include physical performance
(muscle strength) and physiological parameters (heart rate
variability and body composition) as objective measurements,
which would add to the evidence derived from questionnaires.

Given that the Baduanjin training is a safe, low-cost, and
whole-body intervention that requires the use of multiple
muscles and joints and incorporated rhythmic abdominal
breathing and meditation (19), our findings support the idea
that the Baduanjin training can be an effective intervention
strategy in breast cancer patients undergoing Al treatment.

This study has 2 limitations. Firstly, inhibitor-induced
arthralgia symptoms were not included as part of the
evaluation because not all patients had inhibitor-induced
arthralgia, which might lead to underestimation of Baduanjin’s
potential benefit. Secondly, we did not collect lifestyle data on
the level of physical activity in both groups; it is unclear whether
patients were participating in other types of low- to moderate-
intensity exercise during the intervention.
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Conclusion

In summary, the current study suggests that 12-week
Baduanjin exercise training may be a low-risk, well-tolerated,
and safe intervention strategy that leads to improvements of self-
reported quality of life and subjective sleep quality in breast
cancer patients undergoing Al treatment.
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Background: Fatigue is a common symptom in breast cancer patients, and it is
one of the major factors that influence the quality of life (Qol). Cognitive
behavioural therapy (CBT) has been recommended to manage cancer-related
fatigue. In this study, CBT will be integrated with activity pacing (AP), which can
help breast cancer patients achieve a balance between activity and rest.
Therefore, this pilot study aimed to investigate the acceptability, feasibility,
and efficacy of the CBT-AP intervention.

Methods: A total of 10 fatigued breast cancer patients undergoing
chemotherapy were included in the study. The acceptability and feasibility of
the study were measured by the patient recruitment rate, attrition rate,
intervention fidelity, intervention compliance, and therapist's and participant’s
evaluations of the intervention. The outcomes were measured at baseline and
at 6 weeks of intervention.

Results: The pre—post study suggested that CBT-AP was found to be
acceptable and feasible for fatigued breast cancer patients undergoing
chemotherapy. Among 27 eligible participants, 10 (37.03%) participants
accepted our invitation to participate in the study. One participant dropped
out from the intervention because of serious illness, and the dropout rate was
10%.Both the intervention fidelity and intervention compliance were found to
be satisfactory.Fatigue severity [Brief Fatigue Inventory (BFI)] was reduced in
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77.77% of participants from baseline to 6 weeks of intervention. The global
health status/QoL scale and physical, emotional, and social functioning scales
were improved from baseline to 6 weeks of intervention. All symptom scales,
except constipation, diarrhea, and financial difficulties, were decreased after
the intervention. Depression [Public Health Questionnaire (PHQ)-9] was
reduced in 55.55% of participants.

Conclusion: This study suggested that CBT-AP is an acceptable, feasible, and
potentially efficacious intervention to reduce fatigue and improve the QoL of
breast cancer patients. The efficacy of a CBT-AP programme is going to be
investigated in subsequent larger randomized clinical trials.

KEYWORDS

breast cancer, cognitive behavioural therapy, fatigue, quality of life, depression,

pilot study

Introduction

Breast cancer was the most commonly diagnosed cancer and
the leading cause of cancer death among women worldwide in
2020, with an estimated 2.3 million new cases, representing
11.7% of all cancer cases. The incidence and mortality age-
standardized rate in Eastern Africa for female breast cancer
patients in 2020 were 33% and 17.9%, respectively. Breast cancer
is currently the most common type of cancer in Ethiopia with an
estimated 16,133 (20.9%) new cases annually and 5-year
prevalence of 48.52 per 100,000 (1, 2).

Breast cancer treatment and morbidity related to the disease
might present disabling complications on physical functioning,
psychological functioning, and behavioural attributes (3) that
adversely affect the quality of life (QoL) of cancer patients (4, 5).
Patients undergoing chemotherapy most commonly experienced
fatigue, pain, and other symptoms (6).

A study conducted in Ethiopia on the QoL of breast cancer
patients receiving chemotherapy showed poor QoL among
breast cancer patients as compared to other international
findings (5). Fatigue, pain, anxiety, and depression are some of
the most common problems that occur in breast cancer patients,
which negatively affect the QoL of breast cancer patients (7, 8).

Fatigue is a common symptom in breast cancer patients, and
it was experienced by 80% of individuals who receive
chemotherapy and/or radiotherapy (8-10). A study conducted

Abbreviations: AP, activity pacing; BFI, Brief Fatigue Inventory; CBT,
cognitive behavioural therapy; EORTC QLQ-C30, European Organisation
for Research and Treatment of Cancer-Quality of Life Questionnaire-Core 30;
TASH, Tikur Anbessa Specialized Hospital; NCCN, National Comprehensive
Cancer Network; PHQ, Public Health Questionnaire; QoL, quality of life; SD,

standard deviation.
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in Ethiopia among breast cancer patients showed that fatigue is
one of the major factors that influence the QoL of breast cancer
patients (5).

Breast cancer patients might develop psychological distress
and sleep disturbances during the diagnosis, treatment, and
posttreatment periods, which negatively influence the QoL
(11). A recently conducted systematic review and meta-
analysis showed that the global prevalence of depression
among breast cancer patients was 32.2%, which is higher in
middle-income countries than in developed countries (12). A
study conducted in Ethiopia about the prevalence of depression
among breast cancer patients reported that one in four (25%)
patients had depression. The depression could have a negative
impact on adherence to treatment, overall QoL, and survival of
the patient (13).

Effective interventions to reduce fatigue and psychological
distress during cancer treatment are urgently needed that have
potential to improve physical, emotional, and psychological
health and overall QoL, as well as to relieve some of the
financial burden related to the treatment (14).

Pharmacological interventions such as chemotherapy lead to
a wide spectrum of treatment-related disabling complications,
such as breast cancer-related lymphedema, pain, bone loss,
arthralgia, and fatigue. Therefore, non-pharmacological
therapies such as complementary therapies are recommended
to reduce disease- and treatment-related symptoms, improve
functioning, and improve adherence to treatment and long-term
survival of patients (15, 16). To our knowledge, there were no
structured non-pharmacologic interventions so far for breast
cancer patients and survivors in the center.

Psychosocial interventions specifically designed to treat
fatigue were significantly effective in reducing fatigue among
cancer patients during cancer treatment (17) and after cancer
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treatment (18). A meta-analysis study has reported the
effectiveness of exercise and psychological interventions in
reducing fatigue, and it is significantly better than the available
pharmaceutical options. The most effective type of psychological
intervention for reducing fatigue was cognitive behavioural
therapy (CBT) (19).

The National Comprehensive Cancer Network (NCCN) has
recommended CBT to combat cancer-related fatigue (20). CBT
is a type of psychological treatment that is effective in managing
fatigue (21), anxiety, and depression (22, 23). CBT for insomnia
was effective in improving fatigue, anxiety, depression, and QoL
(24). In addition, supervised physical exercise was recommended
to reduce fatigue and improve the QoL (25).

No previous study has been done to investigate the effect of
CBT combined with activity pacing (AP) on breast cancer
patients undergoing chemotherapy. Some of the studies were
conducted on cancer patients (21), and other studies were
conducted on CBT without including AP and did not evaluate
cancer-related fatigue as a primary outcome (22, 26). In this
study, CBT was integrated with AP (CBT-AP). CBT-AP is based
on both the cognitive behavioural theory and energy envelope
theory. CBT identifies and replaces dysfunctional thoughts into
correct thoughts. The intervention works by acting on the
precipitating and perpetuating factors of fatigue (27). In order
to act on the precipitating and perpetuating factors, there are
difterent CBT strategies that were used to modify dysfunctional
thoughts. These were cognitive restructuring, problem-solving,
and coping strategies. The modified thought will bring
favourable behaviour and action (28).

AP achieves a balance between activity and rest by energy
management. AP enhances physical function and QoL by
monitoring energy, fatigue, and activity levels and then
modifying daily activities that reduce fatigue and improve the
QoL (29). A personalized physical activity schedule has been
proven to be effective in combating the adverse reaction of
cancer treatment, reducing complications and decreasing
mortality due to breast cancer (4).

CBT-AP is hypothesized to be an effective intervention
because fatigue is a multidimensional construct (30). Most
previous interventional studies conducted on CBT have been
carried out on breast cancer survivors (21, 24, 27, 31). However,
this study was conducted in patients with early and advanced
stages of breast cancer. The earlier treatment of fatigue during
chemotherapy is very important because it may assist women
not only by decreasing fatigue during cancer treatment but also
for treatment adherence. It provides women with evidence-
based strategies during their earlier treatment trajectory that
they can continue to use after cancer treatment and into
survivorship (32, 33). Therefore, it will be a pioneering study
that will assess the feasibility and efficacy of CBT-AP among
breast cancer patients receiving chemotherapy. The finding of
the study will be very helpful to revise the study protocol (33) for
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the subsequent definitive trial and assess the preliminary efficacy
of CBT-AP.

This pilot study aimed to investigate the acceptability,
feasibility, and preliminary efficacy of CBT-AP among breast
cancer patients undergoing chemotherapy. We hypothesized
that the intervention would be feasible and participants would
demonstrate greater improvement in fatigue, depression, and
QoL at 6 weeks of intervention.

Our research questions were as follows:

1. What is the recruitment and attrition rate?

2. Does the therapist adhere to the intervention protocol?

3. What is the therapist’s and participant’s evaluation of
the intervention?

4. Is there any adverse event or serious adverse reactions
during the intervention?

5. What is the preliminary efficacy of the intervention?

Methods
Design

This is a single-arm pilot study of the CBT-AP Trial (33) that
was designed to assess the feasibility, acceptability, and potential
efficacy of the intervention. The study was registered at the Pan-
African Clinical Trial Registry on 24 August 2020
(PACTR202008881026130). The study has been reported in
line with the CONSORT statement (34).

Participants and study setting

Participants were recruited from Tikur Anbessa Specialized
Hospital, Oncology Center and Day-Care Centre, in Addis
Ababa, the capital city of Ethiopia from January to June 2021.
The sample size was calculated to be 10 by considering 10% of
the sample size of the main study.

The inclusion criteria were female breast cancer patients
aged 18 years and above who were experiencing severe fatigue
(overall rating 7 or more out of 10) for a week or more period on
the Fatigue Severity Scale and was non-relapsed in any stage of
the disease undergoing chemotherapy.

The exclusion criteria were patients who could not speak
Ambaric and patients with psychiatric illness or uncontrolled
medical illness. Patients were screened by an oncologist for
various types of clinically relevant systemic diseases or somatic
causes that could result in fatigue (e.g, anaemia, malnutrition,
hypothyroidism, and other physical comorbidities). If the fatigue
had a somatic cause or was a systemic disease and it was confirmed
by the oncologist, the patient did not participate in the study.
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The eligibility criteria for the main trial are the same as those
for the pilot study.

Consent forms and completed questionnaires were returned
directly to the researcher in stamped addressed envelopes (the
consent form and the questionnaire were returned in separate
envelopes to protect confidentiality). Patients were told that
participation was not mandatory.

Patient recruitment and procedures

Breast cancer patients were invited to participate in the study
through brochures and flyers. The names and contact addresses
of eligible patients were recorded on the information sheet by the
oncologist. When initial eligibility criteria were met, women
were contacted by telephone to explain CBT-AP and the study
procedures and to confirm their willingness to invest the
requested time and effort.

Informed consent was taken from eligible patients who
agreed to participate in the study. The participants answered
four sets of Ambharic version questionnaires as a baseline
assessment: the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire Core 30
(EORTC QLQ-C30) (35), European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire Breast

10.3389/fonc.2022.847400

Cancer Specific Module-45 EORTC QLQ-BR45 (36), Brief
Fatigue Inventory (BFI)-9 (37), and PHQ-9 (38). The data
collector recorded the sociodemographic and clinical
characteristics of the patients from their medical records.

The CONSORT diagram indicating patient flow is depicted
in Figure 1.

CBT-AP intervention

The intervention included goal setting, AP, coping strategies,
cognitive restructuring, dysfunctional thought management,
sleep hygiene, relaxation skills, social support, and
realizing goals.

The intervention protocol is developed according to the
precipitating and perpetuating factors of fatigue. These include
deregulation of activity, dysfunctional cognition, deregulation of
the sleep-wake pattern, lack of coping with cancer and its
treatment, fear of disease recurrence, and poor social
interactions. Furthermore, AP was included in the intervention
that is used to encourage patients to avoid exacerbations of
fatigue and other symptoms.

The intervention had six sessions: three face-to-face sessions
(first, fourth, and sixth sessions) and three telephone sessions
(second, third, and fifth sessions). Each session consisted of

Patients assessed for
eligibility (N = 78)

Excluded

Patients not meeting the inclusion
criteria (n = 51)

e Can’t speak Amharic (n=8)

e No fatigue (n=17)

e Patient is not receiving

chemotherapy (n = 15)
e Has recurrence (n = 8)
o Fatigue due to somatic
cause(n = 3)

Approached and cligible
(n=27)

|

Contact address did Accepted to
not work participate
(a=6) (n=10)

Declined to participate
(n=11)
Seriously ill (n=15)
Lack of interest (n = 2)
Lived far away (n = 4)

Attended all sessions (n=9)
Discontinued intervention
because of illness (n= 1)

FIGURE 1

Cognitive behavioural therapy integrated with activity pacing (CBT-AP) patient recruitment CONSORT diagram
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homework assignments to complete before the next session. The
therapists gave instructions on how to do the homework
assignments for every session. The manual for the participants
and therapists and worksheets for the assignments were
prepared and given to the therapists and participants. At the
beginning of each session, a revision was done and the
participant’s worksheets were evaluated for completion. The
intervention was provided by a trained clinical psychologist
and oncology nurse.

Therapists completed a 2-day workshop delivered by the
developer of CBT-AP.

The average time for the face-to-face sessions was 2 h, while
it was 35 min for the telephone sessions. The skill of the
interventionist was examined by a standardized checKlist.

Intervention sessions

Session 1

During this session, introduction of the therapist and
participants and setting of the ground rules for individual and
group sessions were made. Introductory information was
provided about the disease and its treatment as well as the
CBT-AP framework. Progressive muscle relaxation and deep
breathing exercises (abdominal breathing) were demonstrated to
the participants.

Session 2

The participants set SMART—specific, measurable,
achievable, and time-bound—goals.

AP was used to balance activity and rest to avoid
exacerbation of fatigue.

Session 3

Sleep pattern disturbances were managed by maintaining
sleep hygiene, avoiding sleeping during the day, and adhering to
fixed bedtimes and wake-up times (27, 39).

The participant’s dysfunctional thoughts about breast cancer
and its treatment were assessed.

Session 4

In this session, participants learnt about cognitive
restructuring, which is used to replace unhelpful or
dysfunctional thoughts into helpful thoughts. In addition, the
therapist explained about coping mechanisms for anxiety,
depression, and other diagnosis- and treatment-related
problems (40).

Session 5
In this session, individual dysfunctional thought
management and social support were carried out. The
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therapist challenged the participant’s dysfunctional thoughts
and replaced them with positive/functional thoughts.

Session 6

All previous sessions were reviewed, and goals were checked
for their achievement. An action plan was prepared to maintain
the behaviour.

Details of the intervention are available elsewhere (33).

The content of the CBT-AP outline is shown in Table 1.

Timing of assessments

Sociodemographic and clinical characteristics, QoL, fatigue,
and depression were measured at baseline and after 6 weeks (end
of CBT-AP).

Feasibility outcomes

The feasibility of the outcome was measured by patient
recruitment rate, intervention fidelity, intervention compliance,
and therapist’s evaluation of the intervention. The acceptability
of the intervention was measured by participant’s evaluation of
the intervention. The criteria for feasibility of outcomes were
considered to be 20% recruitment and attrition rate. A minimum
of attending four sessions is the threshold for feasibility to
represent sufficient exposure to benefit from the intervention.

Recruitment rate

Recruitment rate was calculated by dividing the number of
enrolled patients by the number of eligible patients.

Intervention fidelity

The feasibility outcomes were evaluated based on
intervention fidelity and compliance with the programme. A
standardized checklist was used to assess intervention fidelity
and compliance.

Acceptability was measured based on the participants’
evaluations of the intervention. The intervention fidelity of the
therapy was monitored by an assessor. All face-to-face sessions
and telephone sessions were recorded after getting consent from
participants. The assessor rated the intervention fidelity using a
standardized fidelity checklist. The intervention fidelity was
scored on a scale from 0 (poor) to 5 (excellent) based on the
following criteria: 1) The content of the session was covered; 2)
Group/individual discussion points were raised and discussed
very well; 3) An explanation was given about the homework, and
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TABLE 1 Cognitive behavioural therapy integrated with activity pacing (CBT-AP) outline for breast cancer patients undergoing chemotherapy.

Session Operational procedures Main themes Wks. Delivery Duration
1 Introduction and setting ground  Introduction of therapist and participants First Face-to- 2h
rules Setting ground rules. face
Breast cancer, chemotherapy and Describe breast cancer, chemotherapy, and fatigue.
fatigue Explain CBT framework  Participants describe experiences of fatigue.
Relaxation Introduce CBT-AP framework and how it manages fatigue and improves the QoL.
Introduction to progressive muscle relaxation exercise and deep breathing exercises.
2 Goal setting Set realistic goals. Second Telephone 20 min
Activity pacing Counsel about activity pacing, barriers of activity pacing, managing energy, assess
prioritizing daily activities based on available energy and establishing baseline
activity.
3 Managing of sleep disturbances  Participants identify sleep habits that improve sleep disturbances. Third  Telephone 20 min
Dysfunctional thoughts Prescribe routine bed time.
Consult about sleep hygiene.
Identify participant’s dysfunctional thoughts about breast cancer, its treatment, and
fatigue.
4 Cognitive restructuring Reformulate dysfunctional cognitions regarding breast cancer, its treatment, fatigue Fourth Face-to- 2h
Coping mechanisms and fear of disease recurrence. face
Identify reasonable and unreasonable thinking.
Coping mechanism to decrease stress, anxiety, depression and treatment side effects.
5 Individual dysfunctional thought ~Counsel on how an individual changes dysfunctional thoughts. Fifth  Telephone 20 min
management Explain how to communicate about fatigue with others.
Improve social support Support system and interpersonal communication.
Modify unhelpful cognition about social environment and expectations.
6 Realizing goals Evaluation of the progress with respect to the goal Sixth  Face-to- 2h
Action plan for maintaining cognitive behavioural change face

the therapist strongly recommended them to read the module
and do their homework; 4) The time taken was within the
proposed range; 5) The participants were given the opportunity
to explain their ideas; 6) The participants were interested and
actively participating in the session; 7) The participants did their
homework; and 8) The participants attended sessions on time
during the face-to-face/telephone sessions.

The checker was a registered psychiatric nurse with a clinical
experience of 7 years and trained on the CBT-AP intervention.

In order to increase the intervention fidelity, the intervention
provider was provided with a therapist intervention manual that
included all materials necessary to effectively deliver
the intervention.

Participant’'s evaluation of the therapy

Upon completion of the programme, the participants were
asked to complete a short evaluation that included statements
about their satisfaction with different elements of the
programme as assessed by a 4-point Likert scale: “not at all”,
“a little”, “quite a bit”, and “very much”. In total, 14 statements

were presented.
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Intervention outcomes

Primary outcome measure
Fatigue

Fatigue was measured by the Brief Fatigue Inventory
Ambharic version (BFI-Amh) (37). The BFI consists of nine
items asking patients whether they felt unusually fatigued in
the last week. The BFI-Amh showed good acceptability, internal
reliability (Cronbach’s o = 0.97), construct, and concurrent
validity (37).

Secondary outcome measures
Quality of life
EORTC QLQ-C30

It is a reliable and valid measure of the QoL of cancer
patients. It consists of 30 items arranged with five functional
scales, three symptom scales, and a global health and QoL scale.
According to scoring procedures, the QLQ-C30 was
transformed to scores ranging from 0 to 100. Higher scores
represent a better level of functioning on the functional and
single-item scales. A higher score of symptom scales represents a
higher level of symptoms for the symptom scales (35). The score
of each item ranged from 1 (not at all) to 4 (very much).
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EORTC QLQ-BR45

The updated version of the EORTC QLQ-BR23
incorporated an additional 22 items that contain a target
symptom scale and satisfaction scale (36). The EORTC QLQ-
BR45 had good internal reliability (oo = 0.80), test-retest
reliability (o0 = 0.77), and validity. The score of each item
ranged from 1 (not at all) to 4 (very much).

Depression

The PHQ-9 is a short tool used to assess depression. The
Ambharic version of the PHQ-9 demonstrated good internal
reliability (o0 = 0.81), test-retest reliability (o0 = 0.92), and
validity results (38). The score of each item ranged from 0
(not at all) to 3 (nearly every day). The total score ranges from 0
to 27 (41).

This pilot study is not blinded. So, the analysis was done by
the principal investigator who is a PhD student in Nursing.
However, the randomized controlled trial (RCT) that we have
conducted after the pilot study was blinded for the outcome
assessors and statistician. Therefore, an independent statistician
who was blind to the treatment allocation did the data analysis.

Statistical analysis

Statistical analysis was principally descriptive, and the
frequency, mean, and standard deviation (SD) were calculated.
We assessed the acceptability of CBT-AP by the therapist’s and
participant’s evaluations of the intervention and number of
CBT-AP sessions attended.

The feasibility of the study was assessed in terms of
recruitment rate into the study (number agreeing to
participate out of those approached), attrition rate, and
adherence to and compliance with the intervention. The
preliminary efficacy of the therapy was examined by
differences before and after the intervention, and data from all
participants (N = 9) were analysed using descriptive statistics
such as frequency, mean, and SD.

Ethics approval

All procedures performed in studies involving human
participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards. The study was approved by the ethics
committees of the Zhengzhou University IRB (number: ZZURIB
2020-10; Date: 18 June 2020) and Addis Ababa University, College
of Health Science teaching hospital (number: 101/20/Onco; Date:
28 October 2020). The patients/participants provided their written
informed consent to participate in this study.
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Results
Demographic and clinical characteristics

In total, 10 women participated in the study. Nine (90%)
patients completed all sessions. Participants had a mean age of
38.3 years, SD = 7.23.

The majority (80%) of participants had undergone surgery,
20% had hormonal therapy, and 50% had received surgery and
chemotherapy. Half of the participants (50%) had secondary
education. Half of the participants were housewives. Majority
(90%) of the participants were living in an urban area.

Most of the participants (50%) had a stage III tumour, and
the histological classification of the tumour for all participants
was ductal carcinoma (Table 2).

Participant’s evaluation of the therapy

All participants (100%) reported having received sufficient
information about breast cancer, treatment approach, and
benefits of the therapy. Most women reported that they had
sufficient progress after the intervention (88.9%) and had more
control over their symptoms after the therapy (66.7%). Most of
the qualities of the therapist, such as expertise, trustworthiness,
punctuality, and respectfulness, were evaluated positively
(100%). Most women were satisfied with the module (66.7%),
thought their treatment was relevant and the correct approach
(100%), and telephone session was easily delivered and
understandable (100%). Moreover, the participants advised
others patients to attend this therapy (100%) (Table 3).

Therapist's evaluation of the therapy

The therapists were generally satisfied with the content of the
therapy but suggested to revise the Amharic translation of a few
vague words in the module and to increase the telephone session
duration from 20 min to 30-35 min. Session 1 took 2 h and
40 min, which is longer than the proposed time. They have also
suggested including “brainstorming” questions at the beginning of
every module in which the participants could actively participate
and give reflection on the concepts of the session. Appendices “C”
and “H” of the worksheets were suggested for revision to be more
easily understood by the participants.

Feasibility of the intervention
Recruitment

A total of 78 patients were assessed for eligibility. Of those
assessed for eligibility, 51 patients did not meet the inclusion
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TABLE 2 Baseline sociodemographic and clinical characteristics of breast cancer patients undergoing chemotherapy.

Variables

Age

Mean (SD)
Educational status
No formal education
Primary education

Secondary education

Above secondary education

Occupational status
Housewife
Government employed
Merchant

Daily labourer
Religion

Orthodox Christianity
Muslim

Protestant
Residence

Urban

Rural

Marital status
Single

Married

Divorced

Widowed

Stage of tumour
Stage I

Stage II

Stage 11T

Stage IV

Cancer treatment
Chemotherapy
Surgery
Radiotherapy
Hormonal therapy

Surgery + Hormonal therapy + Chemotherapy

Surgery + Chemotherapy
Monthly income (ETB)

<2,000
2,001-3,000
>3,000
ECOG-PS
ECOG 1
ECOG II
ECOG III
ECOG IV
Chemotherapy cycle
1-4

5-8
Comorbidity
Yes

No
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Frequency

38.3(7.2)

— NN W W

LSRN S

UNN O

10.3389/fonc.2022.847400

Percentage

20
10
50
20

50
10
10
30

80
10
10

90
10

30
30
20
20

10
20
50
20

100
80

20
20
50

70
10
20

70

20
10

60

40

40
60

(Continued)
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TABLE 2 Continued

Variables
Time since diagnosis (month)

1-6
7-12

10.3389/fonc.2022.847400

Frequency Percentage
6 60
4 40

SD, standard deviation; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; ETB, Ethiopian birr.

criteria, leaving 27 patients eligible. Among the 27 eligible
participants, 10 (37.03%) participants accepted our invitation
to participate in the study, and the recruitment rate was 37.03%.
The remaining 17 patients did not participate in the study
because six of them had contact addresses that were
unreachable and 11 of them declined to participate in the
study. Reasons for declining participation included being
seriously ill (n = 5), lack of interest (n = 2), and living too far
away (n = 4).

Intervention fidelity

The intervention fidelity and intervention compliance were
satisfactory. According to the standardized checklist, all of the
session content and objectives were well addressed (100%). The
group/individual discussion points were discussed very well, and
an explanation was given about the homework (100%).

The participant’s punctuality (73.3%) and therapy session
were within the proposed time range (66.7%). Completion of

homework by participants was not applicable during sessions 1
and 6. In the other sessions, the completion rate of homework by
participants was 50%.

Intervention compliance

Intervention compliance was defined as the number of
sessions completed and time spent in each session of the
therapy. The study participants were expected to attend six
sessions. Among 10 patients, seven patients attended all
(100%) of the sessions. Two patients attended four (66.7%)
sessions and missed another two sessions because of illness.
One participant dropped out from the intervention because of
serious illness, and the dropout rate was 10%. There were 54
sessions in total for these nine patients. Upon completion of the
study, 50 (93%) out of 54 expected sessions had been completed
by nine participants. A missed session was replaced by another
telephone session within 5 working days. Therefore, the overall
compliance rate by session was 93%.

TABLE 3 Participant’s evaluation of the intervention among breast cancer patients.

Information

I received sufficient information about breast cancer, types of treatment, treatment side effects, and

management.

I have received sufficient information about the benefits of the therapy.
Experienced effect

I had sufficient progress after the intervention.

Because of the intervention, I had control over my symptoms.
Therapist

The therapists had sufficient expertise and delivered all sessions successfully.
I trusted the therapists.

The therapists were respectful.

The therapists were punctual.

The therapists were interested in me and my opinion.

The therapists provided an immediate response to emergency situations.

The therapists explained the content of the session at the beginning of each session.

Other

I am satisfied with the module prepared for the participants.

The telephone session was easily delivered and understandable.

The treatment was relevant and the correct approach for my symptoms.

T would advise others to follow this therapy.
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Not at all A little Quite a bit Very much
100

100

11.1
222

88.9
11.1 66.7
100
100
100
100
77.8
100
88.9

222

11.1

333 66.7
100
100

100
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Outcome measures

Primary outcome measure
Fatigue

Fatigue severity (BFI-9) decreased in 77.77% of subjects
from a mean of 7.40 ( + 2.21) at baseline to 3.50 ( + 1.94) at 6
weeks of intervention (P < 0.05) (Figure 2; Table 4).

Secondary outcome measures

Quality of life
EORTC QLQ-C30

The global health QoL scale and physical, emotional, and
social functioning scales were improved from baseline to 6 weeks
of intervention (Figure 3).

All symptom scales, except constipation, diarrhea, and financial
difficulties, were decreased after the intervention (Figure 2; Table 4).

The effect of CBT-AP on EORTC QLQ-C30 functioning and
symptom score is shown in Table 4.

EORTC QLQ BR45
Body image, future perspective, and breast satisfaction
functioning scales were improved after the intervention. All
symptom scales except upset by hair loss and endocrine sexual
scales were decreased from baseline to 6 weeks of intervention.
A reduction in the symptom scale (fatigue, pain, dyspnea,
insomnia, and appetite loss) was reported (Figure 4).

Depression

Depression measured by PHQ-9 was reduced in 55.55% of
participants from a total mean score of 1.20 ( + 0.76) at baseline
to 0.70 (  0.51) after intervention (Figure 2; Table 4).

10.3389/fonc.2022.847400

Adverse events
There were no adverse events or serious harm that occurred
during the intervention.

Discussion
Feasibility of intervention

The cancer tumor-related factors and its treatment lead to
disabling complications such as fatigue and pain that will
directly affect the QoL.

This is the first study conducted to evaluate the feasibility of
CBT-AP and to provide preliminary data about its effect on
fatigue, depression, and QoL among breast cancer patients. In
this study, CBT-AP was found to be a feasible and potentially
efficacious intervention for breast cancer patients undergoing
chemotherapy. Another study conducted on cancer patients had
shown that self-help workbook intervention was feasible in
cancer patients receiving chemotherapy, although the effect of
the intervention was limited (42). The discrepancy between the
effects of intervention might be because the intervention was
guided by a trained therapist in this study.

The intervention fidelity and the intervention compliance
were satisfactory according to the checklist. Participants’
attendance to each session was good, with seven participants
among 10 who attended all of the sessions (100%). Two patients
attended four (66.7%) sessions. We considered attendance at a
minimum of four sessions to represent sufficient exposure to
benefit from the intervention.

However, the percentage of participants who completed their
homework/worksheet (a type of task used to exercise CBT-AP on
a daily basis) at each session was relatively low (50%). The main

Fatigue and depression
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FIGURE 2

Post intervention

Estimated mean trajectories of fatigue and depression among breast cancer patients.
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TABLE 4 The effect of Cognitive behavioural therapy integrated with activity pacing (CBT-AP) on fatigue, depression, and quality of life of breast

cancer patients undergoing chemotherapy.

EORTC QLQ-C30Domain/Symptom Baseline Posttest

Mean SD Mean SD
Global 116.7 61.8 137.0 41.5
Physical 48.9 27.5 63.7 26.5
Role 99.3 17.7 75.9 29.0
Emotional 61.1 27.6 78.7 27.9
Cognitive 70.4 274 70.4 18.6
Social 66.7 39.1 77.8 25.0
Fatigue 70.4 27.7 39.5 28.4
Nausea and vomiting 59.3 45 42,6 37.4
Pain 72.2 38.2 35.2 33.8
Dyspnea 37.0 48.43 18.5 29.4
Insomnia 48.1 37.7 29.6 35.1
Appetite loss 66.7 44.1 333 289
Constipation 22.2 28.9 25.9 36.4
Diarrhea 11.1 23.6 11.1 23.6
Financial difficulties 444 471 59.2 46.5
EORTC QLQ-BR45
Domain/Symptom
Body image 70.4 225 87 274
Sexual functioning 98.1 5.5 98.1 5.5
Sexual enjoyment 100 0.0 100 0.00
Future perspective 40.7 40 74.1 43.4
Systematic therapy side effect 52.4 223 39.7 16
Breast symptom 29.6 24.3 25.9 18.4
Arm symptom 37 28.3 22.2 19.2
Upset by hair loss 50 35.6 81.5 37.7
Breast satisfaction scale 51.8 46.7 759 40.1
Endocrine therapy scale 31.5 15.6 222 119
Endocrine sexual scale -29.6 11.1 -29.6 11.1
Skin mucosis scale 21.6 15.8 17.3 13.7
Fatigue (BFI-9) 7.40 221 3.50 1.94
Depression (PHQ-9) 1.20 0.76 0.70 0.51

EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-Core30; EORTC QLQ-BR45, European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire- Breast Cancer Specific Questionnaire45; BFI-9, Brief Fatigue Inventory-9; PHQ-9, Patient Health Questionnaire- 9; SD, Standard deviation.

reasons mentioned by the patients were being “unable to
comprehend the instructions for the homework/worksheets and
some vague words” and illnesses during the therapy. Revision was
recommended on the worksheet instructions and the replacement
of a few words for easy understanding in the main trial. The time
allowed for session 1 (face-to-face) and all of the telephone
sessions was inadequate. Therefore, the telephone session was
suggested to be delivered for 30-35 min, and session 1 was
suggested to be delivered in two sessions.

The participant’s punctuality for the face-to-face session was
not satisfactory. This might be due to participants residing far
from the centre where the therapy was delivered and lack of
adequate transportation. Therefore, the participants should be
informed over the telephone 1 day earlier than the face-to-face
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session about the time schedule and to get well prepared for early
transportation access.

Some patients declined to participate in the study after
recruitment due to lack of interest, living too far away, longer
therapy sessions, and unable to reach their contact addresses.
Future efforts should focus on explaining about the benefits of
participating in the study before requesting informed consent,
taking additional contact address, and scheduling interventions
and evaluations for the same day as chemotherapy sessions to
optimize patient participation and to avoid declining to
participate. Other strategies should be suggested to increase
the number of participants and prevent dropout, such as
regularly calling patients weekly to strengthen their
participation and minimize the dropout rate (43).
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Estimated mean trajectories of quality of life functioning scores among breast cancer patients.
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FIGURE 4

Estimated mean trajectories of quality of life symptom scores among breast cancer patients.

Efficacy of CBT-AP

Our pilot study showed that breast cancer patients undergoing
chemotherapy who received our novel CBT-AP intervention
demonstrated decreased fatigue from baseline (mean = 7.40, SD
+ 2.21) to 6 weeks of intervention (mean = 3.50, SD + 1.94) as
measured by BFI-9, and EORTC QLQ-C30 fatigue scale showed
decreased fatigue (from a mean = 70.4, SD * 27.7, to a mean =
39.5, SD + 28.4). These results demonstrate the preliminary
efficacy of our novel CBT-AP as an active fatigue intervention.
This is consistent with previous studies done on the effect of CBT
among cancer patients (39, 44) and cancer survivors (21).
Similarly, another study showed that rehabilitative physical
exercise was found to be safe, feasible, and effective to reduce
fatigue (45). This can be explained by increased functioning scales,
and decreased symptom scales contributed to the reduction of
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fatigue. In this study, the effect of CBT-AP on the QoL might be
attributed to the reduction of fatigue. These results highlighted
that the effect of CBT-AP in reducing fatigue had contributed to
improve the QoL of breast cancer patients. Contrary to this study,
a systematic review and meta-analysis of physical therapies
showed no effect on the reduction of fatigue. This might be due
to heterogeneity of the included studies (46).

Invernizzi et al. (45) revealed the preliminary efficacy of
rehabilitative activity in improving EORTC QLQ-C30 functional
score and global health status score and reduction of EORTC QLQ-
C30 symptom scales. In this study, physical function, emotional
function, social function, and global health status/QoL subscales
were improved after intervention. Similarly, another study showed
improvement in the social and emotional functioning scale of
EORTC QLQ-C30 (23). Zhu XY, Li Z, Chen C, et al. (46) found
that a meta-analysis showed that physical therapies improved the
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overall QoL of breast cancer patients. Fatigue, pain, dyspnea,
insomnia, and appetite loss were decreased from baseline to post
intervention, which is in agreement with previous studies
conducted on the effects of psycho-education on breast cancer
patients (23). Moreover, CBT had shown improvements on fatigue
from baseline to 15 months of therapy (47).

According to this study, an increase in functioning scales and
decrease in symptom scales of EORTC QLQ-C30 and EORTC QLQ-
BR45 might contribute to reducing fatigue among breast cancer patients.

The findings of this study showed that constipation, diarrhea,
and financial difficulties were increased from baseline to 6 weeks of
intervention. This can be explained by the fact that CBT-AP is not a
valid intervention for constipation and diarrhea. Similarly, there is
no financial-related content in the intervention sessions; thus, it
may not be valid for financial difficulties too. Previous studies have
shown the efficacy of CBT for depression in breast cancer patients
(48, 49). In this study, there was a minimal decrease in the
depression scale. This might be due to the small sample size in
this study. The forthcoming trial will consider implementing
different ways to improve the patient recruitment rate, participant
retention, and compliance with the intervention. The efficacy of a
CBT-AP programme is going to be investigated in larger RCTs.

CBT-AP is safe and can be feasibly implemented within the
standard of care for the future larger trial. CBT-AP shall be integrated
to routine cancer care based on the findings of the main trial.

Strengths and limitations

While this study produced intriguing results on the
preliminary efficacy of the new intervention, there are several
important limitations to note. The limitation of this pilot study
was the small sample size, which could not allow us to conduct
statistical analysis of the differences between the baseline and 6
weeks of intervention for fatigue, depression, and QoL variables
and decreased the generalizability of the findings. Other previous
pilot studies had also faced small sample sizes (50, 51). The small
sample size in this study was due to the nature of the study (a
pilot) and lack of eligible participants.

We would emphasize that these results need to be interpreted
with caution because of the design of pre—post pilot study with a
small sample size and the limited length of observation time.
However, the findings of the study were sufficiently promising to
justify conducting an RCT, which we are currently doing.

Comorbidities and their medication that may affect the
outcome were not included into the questionnaire. Since those
are rare in the population, we expect little bias.

The recruitment rate was found to be low. Therefore,
modification of the recruitment method is recommended in the
subsequent trial. Tracking system should be established for each of
the individuals to improve the recruitment rate and recruiters to
follow each individual through the entire process. It is also
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recommended to explain the study in more detail, i.e., benefits
and risks of participation to improve their interest to participate,
answer patient’s questions, tracking with an alternative phone
number to solve unreachable address, to cover the transportation
cost for those who lived far away, and increase the recruitment
period to achieve an adequate sample size.

Conclusion

The findings of this study indicated relevant improvement of
fatigue from baseline to 6 weeks of intervention. CBT-AP was
found to be a safe, feasible, and potentially efficacious
intervention to reduce fatigue and improve the QoL of breast
cancer patients. The results of our prospective randomized
clinical trial will provide more definitive information regarding
the efficacy of the intervention.
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