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Dual-task performance simultaneously challenges both dynamic balance and cognitive
processing. Endocrine therapy has an adverse effect on cognitive function; and it would be possible that
older adults with breast cancer, who received endocrine therapy had problems with dual-task performance.
It this essential to examine dual-task performance directly among older adults with breast cancer. The
methodology included 30 older adults in each group including those who had breast cancer with endocrine
therapy (BCA-Endocrine) and not cancer (Non-CA group) who participated in the study. Their single task
performance in balance during walking and cognitive function were measured with the Timed Up and Go
test (TUG) and subtraction by three, starting with the range of 70-100. Their dual-task performance was
measured using TUG simultaneously with the subtraction task (TUG-Cog). The TUG duration and cognitive
task performance under single and dual-task conditions were used to compute the dual-task effect (DTE%)
to identify the degree of dual-task effect and ability to balance while walking and on the rate of correct
subtraction in a given time (Correct response rate, CRR). The results of the study were as follows: more time
spent on the TUG and a decreased number of correct subtractions when performing dual-task were found in
both groups. The results from the DTE% analysis were separated into walking balance and subtraction,
found that the DTE% in TUG (Meanz SD) in the BCA-Endocrine (85.4+ 44) was significantly higher than the
Non-CA group (63.2+ 32.8) (p=.03). Whereas, DTE% in CRR in the BCA-Endocrine (-50.6+ 31.7) and in the
Non-CA group (-46.5+ 18.2) was not more negative than in the Non-CA (p=.42) In conclusion, older adults
with breast cancer who received endocrine therapy had a larger effect of dual-tasking than older adults
without cancer. The larger effect was found in balance during walking, but not in the performance in the

subtraction task.
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CHAPTER 1
INTRODUCTION

Background and rationale

Cancer is one of the most important health problems in many countries. The
American Cancer Society’s update on female breast cancer incidence rates has risen in
most of the past four decades; during the most recent data years (2010-2019), the rate
increased by 0.5 percent annually (1) Patients with breast cancer (BC) is the largest
group of patients with cancer in women populations(2). Older adults were the most
affected by breast cancer as the incidence of breast cancer rises dramatically with
age(3). As a previous study reported a large proportion (41%) of all new breast cancer
diagnoses was found in women 65 years and older(4). Diagnosis, localized stage, and
differentiation for types of breast cancer are important for planning a specific
treatment(5). Many types of treatment was provided to patients with breast cancer after
primary surgery such as radiotherapy, chemotherapy, and endocrine therapy(4). In the
part, mostly older breast cancer was treated with adjuvant chemotherapy. Nowadays,
however, endocrine therapy is suggested used more in this population because there
are not all older adults with breast cancer derive benefit from chemotherapy(6).
Estrogen receptors presented in cancer cells of the breast are involved in the
proliferation of cancer cells, thus endocrine therapy was recommended used in patients
with hormone receptor-positive subtypes of breast cancer(7). These subtypes of breast
cancer are main types of breast cancer found in older women(4).

Tumor cell inducing overexpression of enzyme for estrogen synthesis
leading to high levels of estrogen within the tumor niche consequence in estrogenic
imbalance and a more proliferation of tumor cells(8). Endocrine therapy has been used
to improve symptoms of patients with breast cancer type hormone receptor positive
(HR-positive) by reducing estrogen synthesis and the binding of estrogen-to-estrogen
receptors in breast cancer cells (9) and estrogen synthesis(9, 10). On the other hand,
there are unwanted effects of endocrine therapy on reducing estrogen levels in the

body(11). Estrogen is a powerful endocrine molecule affecting the brain’ s activities and



metabolism. The optimal level of estrogen is essential for normal brain function(12).
Many regions of the brain are under influence of the estrogen because of the presented
of the estrogen receptor molecules such as hippocampus, prefrontal, cortex and
amygdala. These areas of the brain are considered important in cognition, and play a
role in performing task requiring executive function, verbal learning, and memory(13).
Therefore, decreased estrogen levels in body according to endocrine therapy may
contribute to cognitive decline(11). A previous study showed the significant relationship
between endocrine therapy in patient who had experience of breast cancer and
impairments in various domains of the cognitive function including memory, language
and executive function, concentration, understanding, and clarity (11, 14). The effect of
endocrine therapy on cognitive function was found one year of receiving this treatment,
indicating time concern for cognitive screening in patients with breast cancer especially
those who received endocrine therapy(14-16) A more recent study reported that
duration of undertook endocrine therapy was risk factor of impaired cognitive function,
the longer duration of receiving endocrine therapy, the higher risk for cognitive
impairment(17) Among various domains of cognitive function, impairment of executive
function seems to be strongly associated with falls are evident in older adult(18).

Falls in older people are a major public health concern, that adversely affect
health and lead to minor to major problems such as anxiety, depression, and decreased
mobility leading to disability and mortality(19). Many of older adults may experience with
fall as a previous study reported that one in three adults over 65 years will fall(20). Fifty
eight percent of women with breast cancer undertook endocrine therapy reported a
history of fall and half of them experienced recurrent fall within an 18-month period after
onset of endocrine therapy(21). Considering fall risk factors in older adults, cancer are a
disease affecting body function as a previous study reported the impairment of
vestibular and visual processing for postural control in older adults with breast cancer
who received chemotherapy and/ or endocrine therapy(22). In addition, a systematic
review reported that breast cancer survivors who received mixed type of cancer

intervention (i.e., surgery, chemotherapy, and endocrine therapy) experienced with



reduced muscle strength, neuropathy induced impaired proprioceptive sensation,
impaired functional mobility and balance as they had lower limit of stability, increased
center of pressor displacement under displacement of support surface, lower gait
speed, and required time to complete timed up and go (TUG) task compared to normal
people without cancer. (23). This indicates important of screening postural control
performance in older adults with breast cancer. However, insufficient evidence focused
on impact of cancer treatment on postural stability under situation that challenge
cognitive processing control.

Maintaining postural stability demands cognitive processing capacity for
simultaneously performing postural task and another cognitive required task. In
everyday life often involve cognitive-motor dual-tasks, e.g. walking while talking, texting
on a cell phone, or thinking about one’s shopping list (Dual-task walking). (24). The
Dual-task walking simultaneously challenges both dynamic balance and cognitive
processing(25). Thus, impaired cognitive function affected the effectiveness of the brain
to process postural task and cognitive required task simultaneously(26). Higher incident
of fall was found in older people with impaired executive function which is a domain of
cognitive function compared with the older people without impairment(27), indicating
effect of an impaired cognitive function at least one domain can lead to poor in postural
control problem in context follow dual-task performance(28, 29).

The most common dual-task paradigm is a protocol designed to assess the
ability of a person to perform a cognitive and motor task simultaneously (dual-task)(30)
such as performing gait as a motor task using usual pace gait in straight-line or the
Timed Up and Go (TUG) with naming animals or counting backward(31). Previous
studies dual-task performance in older adult with breast cancer survivor who completed
cancer treatment at least 3 months reported that TUG with counting backward are able
to predict fall(32). This indicates postural control problem in context of cognitive
processing in patients with breast cancer. As mentioned earlier patients with breast
cancer who is undertaking endocrine therapy are prone to have a decrease function of

estrogen in the brain and may consequently in an impairment of cognitive function (11).



However, a previous study measuring dual-task performance in breast cancer survivors
who completed cancer intervention of mixed types of intervention including
chemotherapy or chemotherapy follow with endocrine therapy(32). A previous study in
older adults with breast cancer reported that those who received chemotherapy and
endocrine had different degrees of the decreased cognitive function measured using
patients-reported cognitive impairment(33). Thus, it is possible that effect of
chemotherapy and endocrine therapy on dual-task performance may not be the same.
Therefore, evidence on a dual-task performance in cancer survivor cannot be apply for
determining performance in patient with cancer who undertake endocrine therapy. As
mentioned above, endocrine therapy has adverse effect cognitive function, thus it would
be possible that in older breast cancer with endocrine therapy may have problems with
dual-task performance. It this essential to examine dual-task performance directly in
patients with cancer, however, there was no evidence to support this hypothesis.
Therefore, this study aims to examine the dual-task performance between
older adults who have no and have breast cancer with endocrine therapy. Findings from
this research would indicate significance dual-task performance impairment in older
adults who is under endocrine therapy for breast cancer and help guide screening for

balance problem in this group of population.

Research question
Did the older adults who have breast cancer with endocrine therapy have lower

dual-task performance than older adults who have no breast cancer?

Research hypothesis
Older adults who have breast cancer with endocrine therapy have lower dual-

task performance compared to older-adult who have no breast cancer.



Research objective

To examine the dual-task performance between older adults who have no and

have breast cancer with endocrine therapy.

Advantage of the study

To indicate significance dual-task performance impairment in older adults who
were under endocrine therapy for breast cancer and help guide screening for balance
problems in this group of population. Research findings will add more knowledge on the
importance of screening dual-task performance in patients with cancer especially those

who undertaking endocrine therapy for breast cancer.

Conceptual framework of this study

Breast cancer with »| Decrease estrogen level in brain

Endocrine therapy

A4

Cognitive impairment in

executive function decline
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Breast cancer with Dual task performance
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A T
Positive *  Cognitive level |
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TUG, TUG-Cog, Cog-single

Figure 1 Conceptual framework of this study

TUG = Time up and go test, TUG-Cog= Time up and go with cognitive test, Cog-single=

Cognitive single test



CHAPTER 2
LITERATURE REVIEW

This study is related to dual-task assessment in older adults who have breast
cancer with endocrine therapy. Literature review topics for this study are included
general information, type of treatment for breast cancer and their side effects, Side
effect of the endocrine therapy for breast cancer on cognitive decline, Postural control
impairments in patients with breast cancer, Assessment of cognitive function, Dual-task

performance assessment and Factors affecting dual-task performance.

2.1 Breast Cancer: general information
Incidence of breast cancer

Breast cancer is one of the serious health problems in women population.
Cancer cell can develop in many organs of human. Cancer of breast cells is a large
group of cancer in women. In United State of America, a total of 2.3 million new cases of
patients was reported in 2018. % According to the American Cancer Society, global
cancer burden would be 28.4 million cases by 2040, which is approximately forty-seven
percent raise compared to 2020 cancer burden. In Thailand, the most cancer type
reported in women is breast cancer which is about forty percent of all type of cancer in
Thai women. In 2022, the Ministry of Public Health, Thailand reported the incidence of
breast cancer in 38,559 cases.” The increasing age are strongly related to increasing
incidence of breast cancer ?. Incidence of breast cancer are high in women in older

]
age compared to younger women.

Eighty-two percent of breast cancers are
diagnosed among women aged over 50 years old with the median age at diagnosis was
at 62 years old™. In Thailand breast cancer mostly occurs in women aged 55 years and
older”. Meanwhile, Thailand stepping into aging society from 2005 to now and turn to
aged society in 2041 Therefore, this cancer become more and more important health

issue in older population of Thailand. The possible explanation for the high incident of

breast cancer in older women is hormone-receptor-rich and slowly proliferating



neoplasms which are the consequence of hormone receptors adaptation in response to
the decreased of sex hormone synthesis in older adults®.
Sign and symptoms of breast cancer

- Since cancer cell can be developed in various component of breast such
as ducts, lobules, fat, connective tissues, lymph nodes and nipples(40), several sings
and symptoms can be found in patients.

- The following are common signs and symptoms of breast cancer: a lump
or thickening in or near the breast or in the underarm area.

- A change in the size or shape of the breast.

- Nipple discharge or tenderness, or the nipple pulled back (inverted) into
the breast.

- Ridges or pitting of the breast, making the skin look like the skin of an
orange; and/ or

- Warmth

- Swelling, redness or scaliness of the skin of around areola or nipple.

Medical assessment and diagnosis for breast cancer
The standard practice of assessment and diagnosis for breast lump is

composed of three components (The triple assessment) including physical examination,
imaging of the breasts, and a biopsy for a lump(40). Physical examination, history
taking, medical screening for cancer risk factor, palpation for breast lump are usually
first step for cancer examination provided by medical doctor. Three types of imaging
medical including mammography, ultrasonography, and breast magnetic resonance
imaging (MRI) can be used to diagnose breast cancer and to evaluate the stage and
extent of disease. The biopsy is a tissue diagnostic method used to confirm the
diagnosis in subtype(41). There are three different types of biopsies including fine
needle aspiration (FNA) biopsy, core needle biopsy, and incision and excision biopsy.
The combination of the physical examination, imaging, and fine-needle aspiration

cytology (FNAC) is used to increase accuracy for cancer diagnosis(40). Physician and



oncologist used all results, especially pathologic test to plan for prescribe appropriate
treatment for patients with breast cancer.

American joint committee on Cancer (AJCC) categorizes cancer into three
stages including noninvasive breast cancer (state 0), early breast cancer (stage | and
I), locally advanced breast cancer (stage lll) and metastasis (stage IV) breast
cancer(42). The cancer stage Il and Ill can be sub-categorized based on primary tumor

size, number of affected lymph nodes, and distant metastasis. (Table1)

Table 1 The staging system for breast cancer

Breast Cancer Stage Tumor size Number of lymph nodes |Metastasis
Noninvasive breast | O Tis NO M-
cancers
Early breast cancer | T1® NO M-

A T0 N1 M-

T1° N1 M-

T2 NO M-

1B T2 N1 M-

T3 NO M-

A T0 N2 M-

T1° N2 M-

T2 N2 M-

T3 N1 M-

Locally advanced breast | IlIA T3 N2 M-
cancer B T4 NO M-
T4 N1 M-

T4 N2 M-

e AnyT N2 M-

Metastatic breast cancer v AnyT AnyN M+




Includes tumors with a microinvasion of 0.1 cm. or less in greatest
dimension. M- = no distant metastasis, M+ = distant metastasis, Tis = carcinoma in situ,
T1= tumor 2 cm. or less in greatest dimension, T3= tumor more than 5 cm in greatest
dimension, T4= tumor of any size with direct extension into the chest wall and/or skin

Breast cancer can be categorized into 5 subtypes (table 2) according to the
profiles of hormones’ receptor molecule and human epidermal growth factor recepter-2
presented in cancer cell which can be detected using biopsy test with
immunohistochemistry lab test and molecular analysis technique (7, 43) Breast cancer
with a molecular profile hormone receptor positive (HR-positive) with human epidermal
growth factor receptor2 (HER2) negative is categorized into the luminal A-like which are
main type of breast cancer found in older women(4). The surrogate subtypes implicate
for systemic treatment selection(44) the surrogate subtypes usually used to estimate
prognosis and select type of adjuvant chemotherapy and endocrine therapy for patient

with breast cancer (45). (Table 2.)

Table 2 Systemic treatment recommendations

Breast cancer Receptors’ profile in cancer Endocrine/Chemotherapy

subtype cells

Luminal A-like breast | Strong estrogen receptor-positive | Endocrine therapy is the most
cancer and HER2-negative critical intervention and is often used

alone

Luminal B-like breast | Estrogen receptors positive but | Chemotherapy and adjuvant
cancer variable degree of estrogen | endocrine therapy
receptor or progesterone receptor

expression

Luminal B-like breast | HER2-positive test on biopsy and | Chemotherapy and adjuvant
cancer estrogen and progesterone | endocrine therapy

receptors absent

Non-luminal HER?2 positive Chemotherapy adjuvant endocrine

therapy




Breast cancer Receptors’ profile in cancer Endocrine/Chemotherapy
subtype cells
Triple negative Combination of estrogen receptor | Chemotherapy

negative, progesterone negative

and HER2-negative

HER?2 = human epidermal growth factor receptor-2

2.2 Effects of breast cancer on physical and cognitive functions
Regarding best knowledge from the literature review, there are insufficient

articles to provide information on physical and cognitive functions in patients with breast
cancer. Generally, persons suspected to have cancer cells will receive a standard
examination for cancer diagnosis to provide them with cancer treatment as soon as
possible. Much research on breast cancer usually included cancer survivors who were
patients who underwent or completed medical treatment for eliminating cancer cells.
Most of the studies report physical and cognitive function in pre-post rehabilitation after
cancer intervention programs. There are no research articles that directly compare
physical and cognitive functions before and after medical intervention. A few research
provide knowledge about physical and cognitive functions in subjects diagnosed with
cancer are discussed below.

Animal model studies demonstrated cancer-associated muscle dysfunction.
Mice with primary mammary tumors have reduced luminal grip strength and declined
motor activity (46). Another study on animal models demonstrated and explained that
change in limb muscle mass was directly affected by tumor-derived factors, (47).
Cytokine molecules from cancer cells induce systemic inflammation in mice and activate
muscle protein degradation(48). However, there are no study investigated the direct
impact of cancer on human muscle function. Most studies in humans with breast cancer
reported muscle weakness, general exhaustion, and other adverse effects of cancer
treatment but not the direct impact of the changes molecular profile of cancer cells.

According to the systemic effects of breast cancer can lead to functional

limitations in patients who suffer from muscle weakness, fatigue, and pain(49). The

10



previous study showed breast cancer-related muscle fatigue caused by breast tumor
growth(50). Tumors in the breast release growth factors and cytokines into the
circulating system. Circulating growth factors and cytokines such as Transforming
growth factor beta (TGF—B) and tumor necrosis factor-alpha (TNF-Ql) are transported
into skeletal muscles resulting in defective energetic regulation leading to fatigue in
breast cancer patients(49). In addition, activation of nuclear factor-kappa B (NF-KB)
signaling pathways accelerates the regulated degradation of muscle proteins and
hence causes muscle(51). However, the above studies on mechanisms of the impact of
cancer cells on muscle function included only participants with breast cancer
undergone cancer treatment(52) or animal model studies(46).

Several studies reported physical and psychological problems in breast
cancer from side effects from breast cancer treatment, breast cancer with brain
metastasis, and paraneoplastic neurological syndrome(53). Paraneoplastic neurological
syndrome decreased performance of upper limb function is a consequence of breast
cancer itself. Location of breast closing to lymph node and blood vessel in upper limb
and thus affecting upper limb function(54). Symptoms include muscle weakness,
difficulty with coordination, sensory changes, and cognitive deficits are reported in
patients with breast cancer (53). Manifestation of these symptoms cannot be explained
by the underlying cancer-related metastasis, infection, and side effects of treatment
since it mostly occurs before the diagnosis of cancer(55). These groups of problems are
called paraneoplastic neurological syndrome. It was often found in younger ages (<61
years) and with late-stage disease(56).

For cognitive impairment effects in breast cancer before medical treatment.
Depression is reported to characterize the diagnosis of breast cancer with a sense of
helplessness, and a lack of motivation to effectively cope with life(57). Cognitive
impairments stroke, and encephalopathy occur the first year following the treatment of
breast cancer(58) or breast cancer with brain metastatic(53).

There were no studies that compared the effects of breast cancer subtypes

on physical function and cognitive function before medical treatment. It may be because

11



the priority for cancer management is to eliminate cancer cells as soon as possible after
diagnosis of cancer. Delayed receiving cancer intervention was associated with poorer

overall survival(59).

2.3 Type of treatment for breast cancer and their side effects
There are many types of treatment for breast cancer including surgery,

radiotherapy, chemotherapy endocrine therapy. Treatment plan is usually regarding to
progression of the disease (states of cancer) and subtypes of breast cancer and
involves a multidisciplinary approach team such as medical oncologist, medical
radiologist, surgical oncology, nurse, pre-and rehabilitation team, and etc(60). Common
cancer therapy includes surgery, radiotherapy, chemotherapy, and endocrine therapy.
Breast cancer survivors, who having no signs of cancer after finishing treatment(61) may
experience with lower balance performance due to reduced muscle strength and loss in
proprioception from neuropathy. However, these impairments can be reduced through
the recovery phase. (23). On contrary, patients who still received endocrine therapy
experience more general fatigue, lower muscle strength than those who completed
therapy as the cancer survivor(62). The effect of endocrine therapy on cognitive function
was found one year mostly worse of receiving this treatment(15). Therefore, observation
of the effect of endocrine therapy on dual-task performance in cancer survivors who
completed cancer intervention cannot be implied for patients with breast cancer who is
undergoing endocrine

Surgery is the treatment aimed to remove the primary breast tumor and
dissection of the lymph nodes. A total mastectomy is a type of surgical treatment that
the pectoralis minor muscle is totally removed. A partial mastectomy (i.e., lumpectomy)
is a type of mastectomy that a part of pectoralis muscle can be preserved. The
dissection of the lymph node is usually operated at ipsilateral axillary lymph nodes
including axillary lymph node dissection (ALND) and sentinel lymph node (SLND)(63).

Radiotherapy for breast cancer is a localized cancer treatment aimed for
treating invasive disease and reducing pain(64). Radiotherapy is a grama ray that use to

kill cancer cells. In breast cancer is usually applied to the whole breast or a portion of

12



the breast after lumpectomy, to the chest wall after mastectomy, and to the regional
lymph nodes. Post lumpectomy (4-6 weeks post-surgical) whole-breast radiation for 5
days/week for 5 weeks is a standard component of breast cancer therapy(63, 64). Dry
erythema, hair loss, muscle fatigue, tissue fibrosis, and telangiectasias are common
complications of radiotherapy for cancer(64). The effects of radiotherapy on fatigue
muscle mostly present only in upper limbs muscle of the affected side(65). However,
there are no report regarding side effect of the radiotherapy on cognitive function
decline and postural control impairment(66).

Chemotherapy is a treatment for breast cancer which use chemical agents
to suppress cell division (67). Generally, chemotherapy is used in combination with
other treatment (that is called adjuvant chemotherapy) aimed is to reduce risk of
recurrence and mortality(68). Anthracycline and taxane are typical agent used for
treating cancer. Cytotoxic drugs such as cyclophosphamide (Cytoxan) and
methotrexate (Rheumatrex) are another type of chemotherapy called cytotoxic
chemotherapy is also used for cancer therapy(39). Treatment duration of the
chemotherapy is request for at least 3 to 12 weeks of multiple cycles of several options
of chemical agent Side effects of chemotherapy are menstrual irregularity, loss of
appetite, neuropathy, fatigue, cardiotoxicity, and weight gain or loss(64). Recent
evidence for breast cancer reported side effect of chemotherapy on cognitive
decline(69, 70), lowers mobility and balance performance (71, 72) and increase risk of
fall which detected by TUG-dual-task assessment(32).

Endocrine therapy is a treatment for breast cancer using drug agent to
counteracts estrogenic imbalance in patients with breast cancer. Adjuvant endocrine
therapy reduces the risk of breast cancer recurrence and mortality(73). Standard
endocrine therapy consists of oral antiestrogen medication taken daily for 5 to 10
years(74). It is usually administered to patients at pre or post-surgery, post radiotherapy,
or subsequent to chemotherapy (i.e., adjuvant endocrine therapy)(75). However,
standalone endocrine therapy (without chemotherapy) usually prescribed for the luminal

A-like breast cancer (HR -positive /HER2—negative) subtypes(44, 63). There are two

13



main types of endocrine agents used in endocrine therapy for breast cancer which are
estrogen receptor modulator and aromatase inhibitors(63). They involve three
mechanisms related to estrogen hormone system including selective modulation of
estrogen receptor, competitively inhibits binding of estrogen-to-estrogen receptor, and
inhibition conversion of androgens to estrogen. There are several side effects of
endocrine therapy for cancer such as blood clots, hot flashes, vaginal dryness,
arthralgia, and myalgia(76). and cognitive decline(13). Tamoxifen increases the risk of
venous thromboembolism while aromatase inhibitors increase risk of having osteopenia

and osteoporosis and are associated with more musculoskeletal symptoms(74).

2.4 Side effect of the endocrine therapy for breast cancer on cognitive decline
The cognitive impairment is found to be related to endocrine therapy. The effects
of endocrine therapy on cognitive function decline in breast cancer patients who have
postmenopausal status (mean age 68 years old) are found after 1 year of endocrine
therapy, especially on verbal memory and executive functioning(15). Bender et al., 2015
reported postmenopausal women with cancer receive chemotherapy plus endocrine
therapy (aromatase inhibitor) demonstrated lower working memory and attention
performance than postmenopausal women without breast cancer(77). Chen et al.,2017
reported breast cancer patients who received endocrine therapy with tamoxifen drug
had lower executive function and working memory than those who did not receive
tamoxifen and healthy women(78). In addition, magnetic resonance imaging showed
lower functional connectivity of right dorsolateral prefrontal cortex with the right
hippocampus in breast cancer who took endocrine therapy drug compared to healthy
women(79). Evidence from many studies emphases important side effect of endocrine
therapy in breast cancer on cognitive function especially on working memory
subdomains of the executive function(11, 80).
Mechanism of side effect of endocrine therapy on cognitive decline. The
present of estrogen receptors in those areas of the brain indicates the role of estrogen
hormone for brain’s function. Estrogen receptor is found in many areas of the brain

including hippocampus, prefrontal cortex, and amygdala (13) which are important for
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performing task requiring executive function, verbal learning, and memory, respectively
(13).

There are six domain of the cognitive function including perceptual-motor
function, Language, learning and memory, social cognition, complex attention, and
executive function(81). The executive function of the brain is important for performing
two cognitive-challenged tasks at same time (dual-task)(82). Attention, inhibitory control,
working memory, and cognitive flexibility are subdomains of executive function which
are essential for stability during walking under complex environment and walking while
performing another task(83). Therefore, it would be possible endocrine therapy may
have side effect on lowering dual-task performance with decreasing of executive
function of the brain.

The effect of endocrine therapy on cognitive function was found one year of
receiving this treatment, indicating time concern for cognitive screening in patients with
breast cancer especially those who received endocrine therapy(14-16) Standard
treatment plan for endocrine therapy is at least 5 years, however, it is insufficient
evidence directly compared the effect of different duration of receiving endocrine
therapy on cognitive function and duration after completing endocrine therapy. A more
recent study reported that duration of undertook endocrine therapy was risk factor of
impaired cognitive function, the longer duration of receiving endocrine therapy, the

higher risk for cognitive impairment(17).

2.5 Postural control impairments in patients with breast cancer

Postural control system is a complex motor skill derived from the interaction of
multiple systems which aimed to control body alignment (postural orientation) and
maintain body’s center of mass (CoM) within based of support (postural
equilibrium)(84). Components of postural control system includes biomechanical
constraints, movement strategies, sensory strategies, orientation in space, control of
dynamics, and cognitive processing(84). Impairment of any component can lower

postural control performance.
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Postural control problems such as muscle weakness, poor balance,
proprioception, cognitive impairment reported in patients with breast cancer. These
problems may lead to an increased risk for falls(21). Muscle fatigue and fibromyalgia are
side effect of treatment for patients with breast cancer and cancer survivors who
received chemotherapy(85) Breast cancer surgery could lead to weakness of the trunk
and upper limb muscles which affect biomechanical constrains and postural control(86).
A previous study in patient with breast cancer who received chemotherapy and
endocrine therapy reported impairment of vestibular and visual function(22). These
problems associated with decrease postural control performance which are risk factors
of fall in this group of patients (22). A recent systematic review and meta-analysis of
observational studies indicated impairments of system underling postural control such
as limits of stability and sensory integration in patients with breast cancer(23). A recent
study reported impaired postural response strategies in cancer with chemotherapy, they
found the patients have a larger sway amplitude and velocity than healthy persons when
they response to external perturbation(87).

Cognitive processing is the brain function that required for controlling
postural stability in a complex task such as walking in irregular environment, and
simultaneously performing a motor task and a cognitive task (dual-task) The more
difficult the postural task, the more cognitive processing is required(88). Individuals who
have limited either ability or motor ability may use more of their available cognitive
processing to control posture(84). Most of previous studies on side effect of treatment
for breast cancer indicated effects of surgery, radiotherapy, and chemotherapy on
impairment of system underlying on postural control including dual-task effect. However,
there is insufficient evidence to summarize the effect of endocrine therapy postural
control, especially on dual-task performance

Previous studies dual-task performance in older adult with breast cancer
survivor who completed cancer treatment at least 3 months reported that TUG with
counting backward are able to predict fall(32). This indicates postural control problem in

context of cognitive processing in patients with breast cancer. As mentioned earlier
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patients with breast cancer who is undertaking endocrine therapy are prone to have a
decrease function of estrogen in the brain and may consequently in an impairment of
executive function(11). However, mostly from the previous study in dual-task paradigm

was conducted in patients who received chemotherapy with non-endocrine therapy(89).

2.6 Assessment of cognitive function

Several tools can be used to assess global cognitive function and specific
cognitive performance(90). The Montreal Cognitive Assessment (MoCA) is one of the
most commonly used tools in clinics to screen global cognitive functioning. It includes
item for screening function of multiple cognitive domains, including short-term memory,
visuospatial skills, executive function, attention, concentration and working memory,
language, and orientation. This tool is sensitive and valid to screen mild cognitive
impairment with sensitivity ranging from 67 to 100% and specificity ranging from 50 to
95% depending on different study protocols(91, 92). There is Thai version of the
Montreal Cognitive Assessment (MoCA-T) which is sensitive (ICC = 0.80) and valid to
differentiate older adults having mild cognitive impairment (MCI) and probably having
cognitive status at worsen than MCI or having dementia from normal cognitive
function(93). The Mini Mental State Examination (MMSE) is one of the most commonly
used cognitive screening tools(94). The test can screen function of multiple cognitive
domains such as orientation, attention, simple calculation, immediate recall, language,
short-term memory, and construct ability. This test is reliable (ICC of 0.95)(95). However,
its sensitivity (= 0.50) and specificity (=0.70).(91) to differentiate older adult mild
cognitive impairment are lower than the MoCA test (sensitivity >0.80 and

specificity>0.80)

2.7 Dual-task

Dual-task is defined as “the concurrent performance of two tasks that can be
performed independently, measured separately and have distinct goals”(96). Dual-task
is a commonly task found in daily activities such as walking while talking, texting on cell

phone, or thinking about one’s shopping list(24). Dual-task performance is highly
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associated with fall history (25). Older adults and patients with neurodegenerative
diseases who present deviation of normal gait pattern and/ or decrease cognitive ability
under dual-task compared to single task indicating problems with dual-task
performance which may lead to falls(24).

The table3 shows nine possible outcomes of dual-task performance test in
relative to single-task performance of each task(97). (table 3) There are many factors
effect patterns of the change of motor and cognitive performance under dual-task
performance relative to single task(98) such as the types and levels of difficulty of
tasks, instructions for prioritizing task, and individual characteristics of cognitive and
motor abilities, and fear of falling(97).

In older adults, decreasing information processing and executive
functioning abilities lead to difficulty in maintaining balance while performing cognitive
tasks (99, 100) In cancer patients, Scott at el. in 2019 found executive dysfunction was
associated with decreased gait stability during challenging dual-task gait in survivors
with sensory symptoms of patients with chemotherapy- induced peripheral neuropathy

(CIPN)(101).

Table 3 Possible outcomes of dual-task performance

Cognitive performance
No Change Improved Worsened
Motor No Change | No dual-task | Cognitive Motor-related cognitive
performance interference facilitation interference
Improved Motor facilitation Mutual facilitation | Motor-priority trade-off
Worsened Cognitive-related Cognitive priority | Mutual interference
motor interference trade-off

Dual-task performance assessment
To assess dual-task performance, simultaneously performing motor task and a
cognitive task are used in various populations(102). Walking straight on even surface
and the Timed Up and Go test (TUG) are frequently used as a motor task of dual-task

performance test. The TUG is a reliable assessment with excellent test-retest reliability in

18



older adults (ICC > 0.98)(28). The TUG-dual-task is valid to determine functional
mobility, stability during waking, and identifying older persons who is at risk of falling
with 80 percent of sensitivity and 93 percent of specificity(103). The TUG-cognitive is a
performance test of TUG with additional cognitive task. The increasement of time to
complete TUG-cognitive compared to TUG of 22-25% has been used to indicate
impairment on dual-task performance(103). The completion time of TUG-subtraction has
80% sensitivity and 93% specificity for identifying community- dwelling older adults who
are prone to falls(103).TUG-cognitive test with serial subtraction are the most reliable
(104). Several types of cognitive task used in TUG dual-task performance test such as
counting number backward by 3 or 7(105) speaking as many words as possible from a
predetermined category (e.g. fruit) for 30 seconds (Verbal fluency task) (106), saying
the name of the color and report the color of the text (Inhibitory control)(107).
Additionally, to the TUG task, other motor task such straight walking and walking
downstair have been used in dual-task performance assessment in older adults.
Complexity of motor task affects dual-task performance(105). A straight walking task
may have less postural control requirement because of simple of the motor task
compared to the TUG which is composed of postural transition and turning. Walking
downstairs requires the ability to control deceleration of body mass against gravity
which is more challenge than the TUG which less related to gravity. However, going
down stair simultaneously with a cognitive task may not saft for older adults who trend to
have low performance on executive function as patients with breast cancer.
TUG-cognitive test with serial subtraction test has good psychometric
properties with 80% sensitivity and 93% specificity for identifying community- dwelling
older adults who are prone to falls(103). This test are reliable for assessing assessment
for cognitive motor interference as it can be quantified number of correct answer and
time to complete task(104). A previous study in patients with stroke showed that
duration for completing TUG-cognitive test with serial subtraction was longest compared
to TUG with other cognitive tasks, i.e., auditory working memory, and clock task except

phonologic fluency task. It indicated that TUG-cognitive with serial subtraction and
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phonologic fluency had similar difficulty(108). This evidence suggested using TUG with

serial subtraction or phonologic fluency for TUG-cognitive in patients with stroke.

However, there are no evidence in older adults(108). On currently knowledge, TUG

dual-task with serial subtraction test is the most appropriate for assessing dual-task

performance in older adult regarding reliability, validity, and difficulty of this test.

Table 4 Example of dual-task paradigms have been used in previous studies
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Article

Participant

Testing procedure

Outcome of interest

Beauchet et al,

2007

Older adult mean

aged 84.8 £5.2

One trial of single task in
counting backwards from 50 in
ones out loud

One trial of counting backward
with walking 10 m. as dual-task

test

Number of enumerated figures in
single and dual-task conditions

Odd ratio to indicate fall risk

Beauchet 00,2008
®

Older adult mean

aged 84.48+ 5.3

One trial of walking in 10 m.
One trial of counting backward
from 50 in ones out loud while

walking in 10 m.

Gait speed and level of association

to recurrent falls (_IRR=0.84, 95%ClI
=0.71100.99

Herman, 2010 ©

community-living
healthy older adults
age ranged from 70

to 90 years

One trial of walking a 25 m.-long
(2m.-wide) for 2 minutes

Serial subtraction in three from a
mental

tracking task during

walking a 25 m.-long (2m.-wide)

Swing time variability, high value

associate to recurrent falls

(OR=1.47, 95%Cl 1.13 to 1.92)

Shumway-Cook,

Older adult with no

Time up and (TUG) alone

Time duration complete TUG under

2000 "” history of fall and | TUG cognitive: 3 conditions Sensitivity= 80%,
older adult with a | subtraction by 3 from number | specificity=93% in TUG cognitive for
history of 2 or more | between 20 and 100) identifying  community-  dwelling
falls in previous 6 older adults’ risk of fall
months (mean age | TUG manual: TUG while carrying
78 years) a full cup of water

Muhaidat J,2014 | community-dwelling | Straight walking and visuospatial | Incidence of fall at 6 months follow

(11)

adults  with  non
faller

aged 265 years

clock task/ carrying a cup/
tasking complex streetwalking

with turns and naming animals/

up
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Article Participant Testing procedure Outcome of interest

counting backwards / avoiding

obstacles/ naming animals

Timed Up & Go (TUG) and

carrying a cup

Stair descent and naming

animals

2.8 Factors affecting dual-task performance

There are several factors affect dual-task performance such as age, health
condition, and different types of motor and cognitive task(112) thus a study using dual-
task paradigm need to concern on factors affecting dual-task performance.

The decline of | body function such as decrease in muscle strength, decrease in
mobility lowering dual-task performancem). Impairment on cognitive function influence’s
ability to perform dual-task. Different dual-task performance among three groups of
people who have difference cognitive function including older adults with normal
cognitive function, mind cognitive impairment, and dementia has been reported“s).

Individual who have chronic disease may have problems with cognitive functions such

(14) (15

) , . . ! : : . 16
as Alzheimer's disease, Parkinson’ s disease ', stroke ), diabetes mellitus' ), and

musculoskeletal conditions (e.g. orthopedic impairments, upper or lower extremity

(an
)

fracture in the past 6 months which may consequence in lowering dual-task

performance. Same group of people with similar characteristic could present difference
gait and balance parameters such as gait cadence and stride velocity under difference

motor-cognitive dual-task conditions'"?.



CHAPTER 3
METHODOLOGY

Study design

This study aims to compare the dual-task performance between older adults
who have no and have breast cancer with endocrine therapy. An observational
analytical design was used to measure TUG-cognitive task performance between two
group of participants in this study (BCA-Endocrine and Non-CA). A main researcher
(Researcher 1) who was a master's degree student in physical therapy was responsible
for collecting the main outcomes of this study (Dual-task performance) and was blinded
to the groups of participants. A physical therapist who had experience for 5 years in
geriatric patients (Researcher 2) was responsible for screening participants with
inclusion and exclusion criteria before beginning of data collection for main outcomes

(Researcher 1).

Participants
Two groups of participants participated in this study, including older adults who

had no cancer (Non-CA) and those who had breast cancer with endocrine-based
therapy (BCA-Endocrine). This study included 30 participants in each group. Inclusion
and exclusion criteria for screening eligible participants are listed below. All participants
in this study signed a consent form. The study protocol was approved by the Human
Research Ethics Committee Chulabhorn Research Institute review board (Approval
number:EC001/2567). (Appendix1)
Inclusion criteria

fFor Non-CA group: aged 60 years and over, able to walk independently
with or without an assistive device and able to perform subtraction by three.;

For cancer group: aged 60 years and over, having primary breast cancer in
Luminal A-like breast cancer diagnosed by medical doctor, undertaking endocrine
therapy (Tamoxifen/ Aromatase inhibitor) at least 1 year“g), having primary treatment by

surgery and able to perform subtraction by three.



Exclusion criteria

The tentative participants who meet the inclusion criteria were further
screened with the exclusion criteria. Those who met any of the following criteria were
excluded from this study:

Having treatment for symptoms associated with metastasis or other primary
cancer;

Having history of adjuvant chemotherapy. 9

Having a history of diseases causing organic changes of the brain,
neuropsychiatric disorders, or

other acute illness “”;

Having neurological, or substance use disorders affecting cognition and
exposure to neoadjuvant therapy el

Having significant musculoskeletal issues in the lower body that would
interfere with walking and unstable medical issue or uncontrol disease®

Having visual problem and hearing problems that cannot corrected by
visual and hearing devices or medication'.
Probably having cognitive impairment worse than mild cognitive impairment according
to the score of Cognitive Assessment Thai version (MoCA-T)(B) score of at 23 points or

(24, 25)

lower out of a total score of 30 points In case of having education less than 12

years, additional 1 point was applied for reliability of screening'™”

Sample size calculation

The minimum number of subjects required for each group is 30 persons. This
sample size for study has been estimated based on mean and standard deviation from
the data of TUG-Cognitive in breast cancer survivors from a related previous study en,
values of error probability at 0.05, and power beta error at 0.80, using G*power software

version 3.1 (Figure?2).
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Figure 2 Sample size calculation with G*power program

Study tools and instrument
The study tools and instruments are listed below. Data collection procedure and
analysis were explained separately in this chapter's next part.
The Montreal Cognitive Assessment in Thai version (MoCA—T)(23) was used
to assess global cognitive status of participants. (Appendix2)

Timed up and go test (TUG) -

TUG with cognitive task: 3-serial-subtractions task @9

The equipment used in this study is listed below:

Chair with a backrest (Approximate seat height of 42 cm.),
Stopwatch,

Measuring tape,
Marking tape

Smartphone with a video recording application



Procedure
Participant screening

Participants for the BCA-Endocrine group were recruited from patients who
received intervention at the cancer clinic, Chulabhorn Hospital. Participants for the Non-
CA group were recruited from older adults who live in community nearby Chulabhorn
Hospital with the inclusion and exclusion criteria mentioned earlier (Researcher 2). Older
adults who met the eligible criteria were invited to be the study’s participants.
Participants’ ability to subtract numbers was screened to ensure the ability to complete
the Cog-single test by performing subtraction by 3 starting from 100 with at least 5
numbers correct answers. The initial humber used during main outcome test were
difference from the screening session to avoid learning effect. Participants were asked
to perform the subtraction task in a sitting position (Sitting on a chair with armrest).
Age and education were factors affecting cognitive functions; therefore, this study
controlled these confounding factors by matching age and education level between
groups of participants. The participants in Non-CA were matched for age and education
level with participants in BCA-Endocrine groups (Age- and Education-matched Non-CA
group). Two-year-old differences between the age of a participant in Non-CA (Age-
matched) compared to BCA-Endocrine were accepted. Education levels were
categorized into primary school, secondary school, high school, diploma,

undergraduate level, and higher®.

Participants' highest education levels were
converted to years of education for comparing means between groups. The total years
for the highest education level of primary school, secondary school, high school,
diploma, bachelor’'s degree, and master’'s degree is 6, 9, 12, 16, and 18 years
Demographic and medical information were obtained during an interview
and from the medical record form (For the cancer group) and recorded in the data
record form. Participants’ age, highest level of education and medical history,
menopause status, occupational, use of walking aids were asked in both groups and

gathered in data collection. Diagnosis of breast cancer about time since taking

endocrine therapy, endocrine therapy agents and treatment duration, and history of
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cancer treatment (Surgery, Chemotherapy, or Radiation) were further collected for the
BCA-Endocrine group (Appendix3)

Prior to data collection process, the researcher1 practiced using TUG test,
TUG-cognitive test, and reliability test were measured in 10 healthy participants. A high
intra-rater reliability with intraclass correlation coefficient of TUG-single 1CC(3,1)=.99
and TUG-Cog ICC(3,1)=.99 was as expected(Zg). The researcher? practiced using
MoCA-T in two samples of older adults and the scores from each tool were compared
and discussed with a physical therapist who had experience of using this screening
tool.

Dual-task performance testing

Participants were asked to perform three test conditions including TUG, and
TUG with cognitive (TUG-Cog), and cognitive task when seated (Cog-single) by the
researcher1. Demographic of the participants, and medical information was blinded to
this researcher. The sequence of the two conditions of the TUG tests were started with
TUG and follow by TUG-Cog. Thereafter, the Cog-single were administered and the time
to perform were matched to the participants’ time completing the TUG-Cog condition.
Data collection for all test conditions were conducted at the sample place (A research
room at the Chulabhorn hospital) and completed within 1 hour. Prior to data collection,
TUG and TUG-Cog were demonstrated and practiced until the participants become
familiar with the tasks.

In the TUG condition, participants were asked to sit in a starting position (Sit
with back touching the chair arms resting on the chair's arms and walking aid at hand).
No physical assistance is given. In the starting position. They were allowed to ware his/
her regular shoes and use a usual walking aid. All participants received the same
instruction with the word “Go” (In Thai language) to get up and walk at their comfortable
speed to a line on the floor 3 meters away, turn, return to the chair, and sit down again.
®Y There are different TUG protocols used to determine balance and fall risk screening
including walking as fast as possible and comfortable speed(%), however, walking at a

comfortable speed was used to ensure safety to older participants of this studng). Each
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participant was required to perform each task only once during data collection with five
minutes of resting between the tasks. Prior to data collection, all tasks were
demonstrated and practiced ensuring their understanding in the tasks.

In the TUG-Cog condition, participants are required to perform TUG with the
additional of cognitive task. They were instructed to perform both TUG and a cognitive
task as their best performance without prioritizing either TUG or cognitive tasks. TUG
with number subtraction by 3 starting with a starting number that differs from the
cognitive single task condition. After 3 numbers correct answers, participants started to
perform TUG, and a stopwatch was used to measure the time to complete the task.

A stopwatch was used to measure the time to complete the TUG and TUG-
Cog tasks. Recording time started when the participants’ backed off the chair and
stopped when the participant’s buttock touched the chair, and the trunk was in the
strength position. A smartphone video-recorded application was used to record
participants’ answers while they performed the number subtraction task or ward naming
task under single-task or dual-task conditions. The correctness of the cognitive
response was determined from the recorded answers of each participant.

In the Cog-single condition, participants were asked to count numbers
backward by 3 at the same time of TUG-Cog duration starting from 100 to 70"? with the
following instruction. The number of correct responses was collected by video recorder.

The summary of measurement variables derived from the data collection

procedure is showed in the table 5.

Table 5 Measurement variables, their unit, and scale that was collected for this study
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Measurement variables Unit Measurement scale

Demographic and medical information

age Ratio scale

time since taking endocrine therapy Ratio scale

endocrine therapy agents (tamoxifen, | percent of (N %) tamoxifen and | Nominal scale
Aromates inhibitor) Aromatase inhibitor in the BCA-

Endocrine group

duration to taking endocrine therapy Mean (SD) Interval scale
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Measurement variables Unit Measurement scale
history of cancer treatment (surgery, | N% of tamoxifen and Aromatase | Nominal scale
radiation) inhibitor in Cancer group

menopause status

N%

Nominal scale

number of education years

Ordinal scale

MoCA score Mean (SD) Interval scale
Main outcomes measurement

TUG Second. Interval scale
TUG-Cog Second. Interval scale

3-serial-subtractions task

Numbers. /times

Interval scale

MoCA = The Montreal Cognitive Assessment, TUG= Timed up and go test, TUG-Cog=

Timed up and go with cognitive

Data analysis

Participants’ demographic and medical information were analyzed using
descriptive statistic (means, standard deviation, minimum and maximum data, and
percentage). Dual-task performance were determined by the percent dual-task effect
(DTE% = [Dual-task — single task)/single task x100]) which represented the influence of
the additional cognitive task on performance of the single cognitive task and TUG
task”™.

Total time to complete TUG task under each condition of the TUG, i.e., TUG
duration and TUG-Cog duration were used to calculate dual-task effect on the motor
task (DTE% motor) with below equation. ® A greater DTE% in TUG duration implicates
TUG performance deterioration

greater indicating high degree of dual-task

. 22
interference'””

DTE% in TUG duration
_ TUG — Cog (seconds) — TUG (seconds)

TUG (seconds)

Prior to the calculation for the DTE% for performance on the 3-serials-

x 100%

subtraction task (DTE% cognitive), the correct response rate (CRR) were calculated with

the following equation 9.
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number of correct answers

CRR =
Time (seconds)

Times in the CRR equation is time available to perform the 3-serials-
subtraction task under cognitive single task and dual-task conditions. The CRR under
the cognitive single task and TUG-Cog was calculated and substituted into the DTE%

equation:

DTE% in CRR
_ CRR under dual task — CRR under Cog — single

1009
CRR under Cog — single * /o

The negative DTE% and the positive DTE% in CRR indicates cognitive
performance under dual-task conditions is worse and better, respectively.(35)
The normality of data was examined by Kolmogorov-Smirnov test. Characteristics and
demographic between groups was compared using statistical for two group
comparisons. The attention domain score of the MoCA was further analyzed to fine
minor difference between groups of participants which might be a possible reason of
difference in dual-task interference. Independent t-test was used to evaluate the
different DTE% between participants’ groups (i.e., Cancer and Non-CA). The Mann-
Whitney U test was used in case of data on the DTE% showed non-normal distribution.
The alpha level was set at 0.05 to consider a significant difference. Summary of study

procedure is showed in Figure3
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Patients’ recruitment

Eligible participants N=60

A 4

Non- CA group
N=30

A\ 4

-Demographic
-Medical information

-MoCA

\4

Outcome measure
-TUG
-TUG-Cog

-Cog-single

BCA-Endocrine
N=30

-Demographic
-Medical information

-MoCA

\ 4

Outcome measure
-TUG
-TUG-Cog

-Cog-single

Data analysis

(dual-task effect (%))

Independent

Mann-Whitney U test

t-test/

Figure 3 Study procedure flow-chart

MoCA = The Montreal Cognitive Assessment, TUG= Timed up and go test, TUG-Cog=

Timed up and go with cognitive, Cog-single= Cognitive task




CHAPTER4
RESULT AND DISCUSSION

Result

One hundred and seven people were screened and met the inclusion criteria.
Twenty older adults in the healthy group and 27 older adults in the cancer group were
excluded because of problems with cognitive function ((MoCA-T scores <23 points),
resulting in 60 older adults eligible for this study. Thirty participants in each group: older
adults who did not have cancer (Non-CA group and had breast cancer with endocrine
therapy (BCA-Endocrine group) were willing to sign a consent form to participate in this
study. Non-CA Participants’ characteristics including age, years of education, hormone
therapy agents, MoCA-T scores, history of cancer treatment, and duration of hormone
therapy results, are presented in Table 1. Confounding factors of cognitive performance
which were age and year of education were not significant differences between groups
(p =.888). Regarding medical history, there was a variety in the type of hormones taken
by the BCA-Endocrine group. Tamoxifen was found to be the most commonly used
hormone therapy drug in this research study (Table 6). There was no significant
difference between groups in the MoCA-T scores (p =.156). The BCA-endocrine had
lower scores on the attention and the executive domains compared to the Non-CA
group with significant differences at p=.007 and p=.021 respectively. However, other

domains were not significantly different (p = .1-1.0).

Table 6 Demographic and medical information (mean SD or N%)

Characteristics BCA-Endocrine (N=30) Non-CA (N=30) [p-Value
Age (years) 66.1 +4.5 66.3 £ 4.6 .888
(Min-Max) (60.0-77.0) (60.0-77.0)

Year of education: 143+32 14134 .785
(Min-Max) (6.0-18.0) (6.0-18.0)
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Characteristics

BCA-Endocrine (N=30)

Non-CA (N=30)

p-Value

Education level

Primary school

Secondary school 2(7) 1(3)
High school 5(17) 4(13)
Diploma 3(10) 3(10)
Bachelor’'s degree 15 (50) 14(47)
Master’'s degree 4 (13) 7(24)
Duration since cancer diagnosis (years) 2.7+0.6 -
Type of breast cancer in diagnosis -
Luminal A-like 30 (100)
Primary tumor -
pTis 3 (10)
pT1 16 (53)
pT2 11 (37)
pT3 0
Nodal status
pNO 16 (53)
PN1 5(17)
pN2 9 (30)
Cancer treatment:
Surgery with hormone therapy 8 (27) -
Surgery with radiotherapy and hormone | 22 (73)
therapy
Duration of Hormone therapy (months) 214 +14 -
Hormone therapy agents:
Tamoxifen 23 (77) -
Aromatase inhibition (Al) 3(10)
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Characteristics BCA-Endocrine (N=30) Non-CA (N=30) |p-Value
Tamoxifen with Al 4 (13)

MoCA-T (points/30) 254 +1.7 26.1+1.9 .156
Memory & Attention domain (points/6) 5.03+£0.6 550 £ 0.6 .007*
Visuospatial/executive (points/5) 3.87+1.2 430+0.8 .021*
Naming (points/3) 296 +0.2 2.96+0.2 1.000
Language (points/3) 2.67 £0.5 2.73+04 273
Abstraction (points/2) 1.5+£05 1.6+05 142
Delayed recall (points/5) 287 +1.3 3.1+1.2 442
Orientation (points/6) 59+0.2 59+0.2 1.000

MoCA-T: Montreal Cognitive Assessment Thai version, Luminal A-like:
molecular subtype of breast cancer in hormone receptor-positive and human epidermal
growth factor receptor2(HER2) negative, pTis: carcinoma in situ, pT1: tumor 2 cm. or
less in greatest dimension, pT3: tumor more than 5 cm in greatest dimension, pNo: No
regional lymph node metastases, pN1: Metastases in one to three regional lymph nodes,
pN2: Metastases in four or more regional lymph nodes, Al: Aromatase inhibition,
Tamoxifen with Al: Tamoxifen with aromatase inhibition.

We first compared participants in dual-task performance testing including
TUG, TUG-Cog and Cog single in table 7. TUG-Cog duration time were longer than TUG
duration. These findings were found in BCA-Endocrine and Non-CA group. When
compared between group, we found that BCA-Endocrine group demonstrated
significantly longer TUG and TUG-Cog duration than the Non-CA group (p=0.001).
Number of correct answers was not difference between groups for both single and dual-
task condition. However, the CRR was lower in BCA-Endocrine group compared to the
Non-CA group Both groups showed a decrease in the correct response rate when
performing the subtraction task under TUG-Cog condition (CRR TUG-Cog) compared to
Cog-single condition (CRR Cog- single). However, overall, group showed a significantly

lower number of correct responses than Non-CA group (p < 0.001).



Table 7 Performance of participants (Meant SD)

Performance test (N=30) Non-CA (N=30) p-Value
TUG. (sec) 11.0+£23 9.3+22 .001*
TUG-Cog. (sec) 20.0+4.6 15.2+4.7 .000*
Numbers of correct answers

3 serial-subtraction tasks in TUG- | 2.9+2.3 3.7£1.7 .158
Cog 5.9+2.7 7.1+£2.9 .084

3 serial-subtraction tasks in Cog-
single
CRR Cog- single 0.3+0.1 0.5£0.2 .000*
CRR TUG-Cog 0.1£0.1 0.2+0.1 .000*

TUG: Timed up and go test, TUG-Cog: Timed up and go with cognitive

test, CRR:

Correct response rate, CRR C0g-single: Correct response rate in Cognitive single test,

CRR TUG-Cog: Correct response rate in Timed up and go with cognitive test, * depict a

significant between groups at p<.05.

Results on the analysis of the dual-task effect (DTE%), the percent change

in dual-task performance showed that the BCA-Endocrine group had significantly

greater meant sd of the DTE% in TUG duration (85.4+ 44) than the Non-CA group

(63.2+ 32.8) (p =.03) (Figure4). Negative DTE% in CRR rate was found in the BCA-

Endocrine group (-50.6+ 31.7) and the Non-CA group (-46.5+ 18.2) (Figure 5). When

compared between groups, the significant difference in the DTE% in CRR was not found

(p=.421).
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Figure 4 Dual-task effect in TUG duration in BCA-Endocrine and in Non-CA group
Data presented as mean and standard deviation for each group. A greater
DTE% in TUG duration represents a greater degree of dual-task interference in the TUG
performance. * Significant difference between groups at p < .05.
Abbreviations: DTE% = Dual-task effect in percentage, TUG = Timed Up

and Go, DTE%TUG = dual-task effect in TUG performance.
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Figure 5 Dual-task effect in correct response rate.

Dual-task effect in TUG duration in BCA-Endocrine group and in Non-CA

group. Data presented as mean and standard deviation for each group. The negative
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DTE% and the positive DTE% in CRR indicates cognitive performance under dual-task
conditions is worse and better, respectively.
Abbreviations: DTE% = Dual-task effect in percentage, CRR = correct

response rate, DTE%CRR = dual-task effect in correct response rate.

Discussion

Breast cancer patients often receive medical treatment along with rehabilitation
through physical therapy for lifesaving and reducing patients suffering from side effects
of cancer treatment. Regarding a literature review, hormone therapy has an impact on

(37

cognition function®™ and a decrease in stability of walking and balance 39 However,

there are no studies regarding dual-task performance in breast cancer with hormone

37, 39

therapy stand-alone G799 This study expanded the knowledge on the decline of dual-

task performance, an indicator of risk of falling in elderly “”

, in breast cancer in older
adults with endocrine therapy. We aimed to clarify whether the decline in dual-task
performance in breast cancer in older adults with endocrine therapy (BCA-Endocrine)
was due to the endocrine therapy itself or the aging process. The main results that older
adults with breast cancer undergoing endocrine therapy were more susceptible to dual-
task interference compared to older adults without cancer. According to the use of the
age-matched control group indicated these findings were not due aging process.
Longer TUG duration in the BCA-endocrine that was found in this study
indicates lower performance of balance during walking and a high degree of TUG
performance deterioration in patients with breast cancer. This result was similar to a
previous study that found TUG scores in older adults with various types of cancer were
longer than community older adults “YMoreover, this result was also in line with the
findings of previous studies study of Morishita and colleagues in 2018 ), They reported
that breast cancer survivors have significantly higher TUG duration than healthy

(38)

subjects and stability decreased during challenging dual-task gait®”. The

consistency among findings of the present study and those previous studies (37 38, 41

emphasizes problems in balance during walking in patients with cancer.
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Results on larger dual-task effect (%DTE) in TUG duration allowed better
comparison between the BCA-Endocrine and the Non-CA groups which had different
TUG single-task durations. The larger percentage of dual-task effect in TUG duration
indicated a larger deterioration in balance during walking dual-task in the participants
with breast cancer undergone hormone therapy compared to healthy elderly. The dual-
task interference of gait also appears to be age-related, with a more pronounced
decrease in performance and a higher dual-task interference seen in older adults than in

)

middle-aged and younger adults"” In addition education level affects cognitive

30, 42) (43)

functions! which turn to affect dual-task performance . However, age and
education could not be the reasons for the larger dual-task effect in the BCA-Endocrine
because of the matching of the age and education level between participants in the
BCA-Endocrine and the Non-CA group. Therefore, receiving the endocrine therapy and
cancer itself could be a reason for the difference between the group in TUG
performance and cognitive performance measured under single-task and dual-task
conditions. Regarding literature reviews, the possible reason for a larger dual-task effect
in TUG performance in the BCA-Endocrine group may be because endocrine therapy
affected cognitive function, especially on the working memory subdomain of executive
function and attention “**. The attention and executive function of the brain are
important for performing two cognitive-challenged tasks at the same time (Dual—task)(%).
In the present study, the BCA-Endocrine and the Non-CA group had no difference in the
total score of the MoCA-T indication of similar global cognitive function. However,
considering more on the domain score of the MoCA-T we found a significant difference
between groups for a score on the attention, memory, and executive domain. The
attention domain of the MoCA-T test consists of digit span forward and backward tasks
measuring the ability to articulate rehearsal of a set of numbers and a transient working
memory, respectively. The backward digit span task requires central executive

. (26, 47)
processing

. In addition, serial subtraction performance was lower in the BCA-
Endocrine group. This task requires working memory(48), therefore, it would be possible

endocrine therapy may have an effect on lowering dual-task performance through the
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decreasing of executive function of the brain. One might argue that cancer itself can
affect physical function and lead to larger requirements on control stability thus lowering
dual-task performance. Previous studies reported cancer-associated muscle
dysfunction. Studies on animal models demonstrated that breast tumor growth releases
many cytokines inducing muscle wasting and decreasing the level of physical function
in mice“”. Most of the literature review data typically includes information collected
before and after patients have undergone rehabilitation. There are no studies that
reported physical performance and cognitive function in research participants prior to

49-51 P . . . .
). This is because once patients receive a cancer diagnosis,

breast cancer treatment'
they are prioritized for immediate medical treatment to preserve their lives, leaving little
opportunity for assessments unrelated to the direct treatment of the cancer®™. The
present study included an assessment of muscle function in patients with cancer.
Therefore, we cannot exclude the effect of cancer itself on muscle function and a reason
of lowering dual-task performance in patients with breast cancer. However, the impact
of breast cancer with endocrine therapy on dual-task performance has strongly
supported with results of the present study.

As we found a negative dual-task effect in the correct response rate in the
BCA-Endocrine and Non-CA group indicating that subtraction performance under dual-
task conditions was decreased when participants performed cognitive tasks
simultaneously with the TUG task. Performing a serial subtraction task demands

%% Therefore, these results can imply that the attention

attention and working memory(
and working memory performance of both groups of participants were affected by dual-
task. Although the BCA-Endocrine had lower subtraction performance, the magnitude of
the dual-task effect on those cognitive functions was similar between groups.
Considering the standard deviation of the dual-task effect (%DTE in cognitive), much
variation was found in the BCA-endocrine group meaning the magnitude of the dual-task
effect in cognitive function in the BCA-endocrine groups was closer to the Non-CA

groups. These results may be because of the difficulty of cognitive task®. A previous

study found the largest negative effects of the subtraction task on cognitive-motor
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performance among other cognitive tasks such as the stroop task and phonologic
fluency task. ) tis possible that the task was similarly difficult and challenging for both
groups of older adults, thus manifesting in a decline in their ability to subtract numbers
similarly.

According to the overall results on the dual-task effect, a larger magnitude
of dual-task effect in the BCA-Endocrine was found for the TUG performance, but not
subtraction performance, indicating inequality magnitude of dual-task interference
between motor and cognitive task. These results can be explained by theories related to

(56)

dual-task interference. There are two main theories including capacity theory ™ and

e Capacity theory suggests that the nervous system has a limited

bottleneck theory
ability to process information concurrently. When tasked with two simultaneous activities,
the processing capacity must be divided. If the processing capacity decreases, it will
result in decreased performance in one or both tasks, depending on which task the

L (56)
nervous system prioritizes™ .

On the other hand, bottleneck theory explains that
although a large amount of information may enter the nervous system for processing,
only a small amount can be processed at a time due to the narrow bottleneck of neural
reception(57). Therefore, if there is a large amount of incoming information awaiting
processing, the nervous system prioritizes and processes the information that is more
relevant and important first. This prioritization leads to decreased efficiency in
performing simultaneous tasks, as the more important task is processed first, causing
the second task to be delayed or less efficient. In the present study, participants
showed decreased both motor and cognitive performance under dual-task conditions.
Therefore, the bottleneck theory may not be the explanation for the inequality magnitude
of dual-task interference. Cancer affects cognitive function and additionally, with
receiving endocrine therapy, participants in the BCA-Endocrine may have a more limited
cognitive capacity for maintaining both motor and cognitive tasks at the same time.
Eberling and collegeS(SB) reported that tamoxifen-treated breast cancer patients had
significantly smaller hippocampi and inferior and dorsal lateral frontal lobes on PET

(68)

scanning relative to healthy women In addition, evidence from many studies
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emphasizes the important side effects of endocrine therapy in breast cancer on
cognitive function compared to Non-CA subjects<44' “ Therefore, capacity theory seems
to be more suitable for explaining the inequality of the larger magnitude of the dual-task

effect in this group of participants.

Clinical implication

TUG-dual task performance in an important outcomes measure of balance
during walking and the screening for risk of falls. Slower walking while counting
backward was associated with fall ®. A previous study in older adults who had breast
cancer showed validity of the score on TUG with counting backward in predicting falls
in the future®”. Al together previous evidence and the presents study results on the
dual-task interference in TUG performance, emphasize the importance of screening for
problems and help improve balance during walking, especially for older adults who had
breast cancer with endocrine therapy.

Previously assessment and training in the rehabilitation department services
for patients with cancer, usually focus on functional balance and mobility,
Strengthening(Sg), but not cognitive performance and dual-task performance. Findings in
the present study provides physical therapists with a better understanding balance
performance and its relationship with cognitive function additionally with important of the
screening of cognitive and dual-task performance in patients with breast cancer with
endocrine therapy for planning a more effective fall-preventing exercise in this patient
group of patients.

In the cancer rehabilitation center of Chulabhorn Hospital have begun
incorporating dual-task performance assessment into our fall risk evaluations for patients
receiving hormone therapy for breast cancer. Additionally, we have integrated dual-task
exercises into our balance training regimen. We developed a protocol and provided
training for our colleagues in the physical therapy department, who have already

implemented this protocol for screening and training, as demonstrated in Appendix 4.
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CHAPTER 5
SUGGESTION AND CONCLUSION

Limitation and Suggestion for Further Study

We may not be able to clearly state that the decline in dual-task performance in
the endocrine therapy group is solely due to the side effects of hormone therapy on
muscle function. Patients suspected of having breast cancer typically undergo
diagnostic tests directly aimed at detecting cancer and subsequently receive cancer
treatment. It is rare for patients not to receive any treatment. Other assessments
unrelated to cancer treatment, such as evaluations of physical function or cognitive
function, are usually conducted after cancer treatment has been completed and the
patient has entered the rehabilitation phase. Therefore, our research cannot randomly
collect data from cancer patients who have not undergone treatment to compare with
those who have received hormone therapy.

This study was conducted only in participants with normal levels of
cognitive function. (Score from MOCA-T >23 points)(25). A sub-group analysis follows
with cognitive levels to clarify the effect of balance and risk of falling difference is
suggested for further study. In addition, older adults with breast cancer undergoing
endocrine therapy often experience a decline in executive function. However, in our
study, we did not specifically investigate executive function as it relates to dual-task
performance; instead, we only assessed global cognitive function and domain score of
the MoCA-test in both groups. Therefore, in future studies should assess executive
function using specific tests such as the Stroop Color-Word Test, Digit Span Test, and

Modified Switching Verbal Fluency Test.

Conclusion

Older adults with breast cancer who received endocrine therapy has lower dual-
task performance compared to older adults who have no breast cancer. The
significance of dual-task performance impairment in older adults who are under

endocrine therapy for breast cancer and help guide screening for balance problems in



this group of population. Research findings could add more knowledge on the
importance of screening dual-task performance in patients with cancer especially those

who undertake endocrine therapy for breast cancer.
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Appendix 4. Research Exploitation
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