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ABSTRACT

Objectives: The objectives of this study were (1) to explore Chinese gynecological cancer patients’
perceived neurocognitive complaints and relevant supportive care needs after primary cancer treatment;
(2) to assess neurocognitive functioning, structural and functional brain networks in Chinese
gynecological cancer patients pre- and post-chemotherapy; (3) to examine the possible neural
mechanism of neurocognitive function deficits in gynecological cancer patients.

Methods: This study was divided into two parts (mixed qualitative and quantitative study components)
and three study stages. The first stage of this study used a qualitative approach to explore
neuropsychological issues among Chinese gynecological cancer patients. Based on the first stage
findings, the study's second stage adopted a longitudinal approach to detect neurocognitive function
deficits of gynecological cancer patients, and functional brain network changes in Chinese
gynecological cancer patients at pre- and post-chemotherapy, while additionally including age-matched
healthy subjects as the control group. In order to explore the possible neurobiological basis of CRCI,
the final study stage used a multimodal magnetic resonance imaging approach to assess changes in
brain networks, and neurochemical properties of patients pre- and post-chemotherapy.

Results: A total of 31 gynecological cancer patients were recruited in the qualitative study stage. Of
that total, 20 women (64.5%) reported cognitive complaints after cancer treatment. The most common
neurocognitive complaint was loss of concentration (n=17, 85.0%). Perceived contributing factors to
these neurocognitive complaints included chemotherapy (n=15, 75.0%), and aging (n=8, 40.0%). These
cognitive problems most commonly impacted daily living (n=20, 100%). The findings of first study
stage indicated that cognitive complaints and neuropsychological problems have greatly impacted these
women's daily lives, social functioning and quality of life. Hence, the second study stage focused on
the detection of neuropsychological problems in gynecological cancer patients. This study stage

recruited 40 subjects, with 20 subjects in each group (gynecological cancer patients versus healthy



controls). Results of the second study stage found that 35% of patients had mild neurocognitive function
deficits at the time of cancer diagnosis, and neuropsychological measures were significantly associated
with functional brain networks. During the post-chemotherapy assessment, there were significant
differences in the mean scores of neurocognitive tests (including digit span tests, verbal memory, and
psychomotor speed tests) (all Ps < 0 .05). Longitudinal graph analysis revealed statistically significant
differences in the patient group, with significant decreases in both local efficiency (P < 0.01) and global
efficiency (P = 0.04). Lower raw TMT-A scores were significantly associated with lower local
efficiency (r =0.37, P = 0.03). Lower verbal memory scores were statistically significant and associated
with lower global efficiency (r = 0.54, P = 0.02) in the patient group, but not in the healthy control
group. Using magnetic resonance spectroscopy in the final study stage, there was a significant decrease
of relative concentration in NAA (N-acetylaspartate) in the patient group, in comparison with healthy
controls. Diffusion tensor imaging data indicated that the global and local connectome properties in the
patient group were lower than in the healthy controls. Hence, on a microstructural level, the possible
underlying mechanism of CRCI may be attributed to an increase in demyelination and a reduction of
the neuronal viability of white matter in the hippocampus.

Conclusions: This study demonstrated there is a growing body of research on neurocognitive
complaints in women with gynecological cancer. The qualitative part of this study improved
understanding of neurocognitive complaints, which could subsequently facilitate the development of
relevant therapeutic interventions for the prevention of neurocognitive function deficits in this study
population. The quantitative part of this study found that the risk of functional brain networks and
neurocognitive function changes following chemotherapy could potentially guide patients in making
appropriate treatment decisions, and help healthcare professionals prioritize patients for early
intervention. By using a multimodal imaging approach, the quantitative study also provides novel
insights into the neurobiological basis of neurocognitive function deficits in the human brain that have

been induced by cancer and/or its treatment.
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CHAPTER 1

Introduction



1.1 Gynecological Cancer and Neurocognitive Problems

Gynecological cancers, as a group of cervical, uterus, ovary, vaginal and vulvar cancers, are
the third most common cancers in Chinese women, followed by breast and lung cancer
(Chen et al. 2018). Due to medical technology advancements and the possibility of curative
treatment, such as surgery, radiotherapy, chemotherapy and targeted therapies (Lange et al.
2014), the five-year relative survival rate of cancer survivors was 67%, and for gynecologic
cancer patients that figure ranges from 46% to 82% (Siegel et al. 2018). As more
gynecological cancer patients live longer after curative treatment, long-term or late effects
of cancer and its treatment are more commonly seen in cancer survivors (Treanor et al. 2014).
One such long-term and late effect is neurocognitive function deficits, which have emerged
as a significant problem affecting gynecological cancer survivors (Craig et al. 2014; Faubion

et al. 2015).

Cognitive impairment often refers to chemotherapy-related cognitive dysfunction,
colloquially named chemo brain or chemo fog (Wefel and Schagen 2012; Hines et al. 2014).
Recent studies have indicated that cancer itself may also contribute to cognitive dysfunction,
so that cancer-related cognitive impairment is also described as a neurocognitive function
deficit (Janelsins et al. 2014; Wefel et al. 2015). The prevalence of cognitive problems can
be detected in approximately 40% of cancer patients prior to any cancer treatment, with up
to 75% of patients reporting some form of cognitive impairment during cancer treatment.
Cognitive problems remain present in up to 60% of patients many years following treatment
completion (Wefel et al. 2015; Vannorsdall 2017). Although very few studies explore the
prevalence and impact of neurocognitive function deficits among gynecological cancer
survivors, one study found that 69% of ovarian cancer survivors reported neurocognitive
function deficits (Stavraka et al. 2012). Domains of neurocognitive function deficits may

affect memory, concentration, information processing speed and executive function (Joly et

2



al. 2015). Neurocognitive function deficits have the potential to significantly impact social
and occupational functioning, interfering with the ability to carry out normal activities of
daily living, leading to lower quality of life in cancer survivors (Correa and Hess 2012; Craig

et al. 2014; Wefel et al. 2015).

Neurocognitive function deficits may be related to a number of psychological factors that
are seldom investigated in the context of gynecological cancer (Cheung et al. 2012; Ganz et
al. 2013). Psychological distress has been found to be negatively associated with
neuropsychological performance in cancer patients (Amidi et al. 2015; Ganz et al. 2013).
Research has also found that perceived cancer-related fatigue and anxiety results in
neurocognitive function deficits in cancer patients (Ganz et al. 2013; Menning et al. 2015).
Furthermore, treatment-related mood changes, such as depression, have also significantly
influenced many cancer patients' cognitive functioning (Ganz et al. 2013; Janelsins et al.

2017).

1.2 Neuroimaging Studies in Neurocognitive Function Deficits

Advanced neuroimaging studies in cancer patients provide a better understanding of
neurocognitive dysfunctions after cancer treatment (Deprez et al. 2018). There is
accumulating evidence to support that CRCI is a pathophysiologic process (Gehring et al.
2012; Craig et al. 2014; Dietrich et al. 2015). Previous neuroimaging studies have indicated
that changes in brain structure and function are correlated with neurocognitive functioning
in gynecological cancer patients (Correa et al. 2017; Zeng et al. 2017). While multiple
neuroimaging studies have demonstrated structural and functional brain differences between
cancer patients and healthy controls (Vannorsdall 2017), abnormalities in brain function

usually appear before alterations in brain structure and clinical performance (Mayeux 2010).
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Therefore, detecting alterations in functional brain networks might provide an earlier

biomarker for neurocognitive function deficit diagnosis (Cheng et al. 2017).

Functional magnetic resonance imaging (fMRI) studies have shown that quantitative
neuroimaging techniques, in combination with neurocognitive assessment, can be useful in
advancing our understanding of treatment-induced neurocognitive dysfunctions in cancer
patients (Correa et al. 2017; Kesler et al. 2017a,b). Resting-state functional MRI (rs-fMRI)
IS a noninvasive neuroimaging technique that measures spontaneous brain activity (Fox and
Raichle 2007). Rs-fMRI does not require participants to engage in any cognitive activity,
therefore providing unique advantages for clinical research studies (Kelly et al. 2012; Shen
et al. 2015). Rs-fMRI studies show consistent evidence that resting state brain networks are
correlated with cognitive function in cancer patients (Bruno et al. 2012; Kesler et al. 2013;
Miao et al. 2016). Bruno et al. (2012) reported that cancer treatment has negative effects on
the functional brain networks of cancer patients. Other studies have also confirmed the role
of functional disconnection of brain default mode networks in neurocognitive function
deficits (Kesler et al. 2013; Miao et al. 2016). Hence, utilizing a network analysis of rs-fMRI
data, and linked neurocognitive changes with functional brain networks in cancer patients,

would be promising to address the issue of interest in the present study.

Structural imaging modalities have also been utilized to assess cognitive functioning in
gynecological cancer survivors (Craig et al. 2014). Overall, the decrease in gray matter
volume, reduced white matter integrity, as well as altered brain activation, were observed
several months to years following cancer treatment, and were generally associated with
cognitive impairment (Janelsins et al. 2014; Dietrich et al. 2015; Joly et al. 2015). Although
structural imaging studies documented reductions in brain volume related to cognitive
impairment in cancer survivors (Gehring et al. 2012; Nelson and Suls 2013), these studies

could not determine whether these changes represented dehydration, edema, or neural
4



degeneration (McDonald et al. 2010; Nelson and Suls 2013). In recent years, diffusion tensor
imaging (DTI) has been able to characterize water diffusion and microstructure in biological
tissues, especially for decreased white matter integrity and diffusivity (Deprez et al. 2011;
de Ruiter et al. 2012; Nelson and Suls 2013). Using magnetic resonance DTI could also
identify degradation of neural structures, and determine whether axonal death and/or
deterioration of the myelin sheath are involved (Nelson and Suls 2013). However, the DTI
could not provide information about the underlying mechanism of neural degeneration, or
quantify these changes varying with different types of cancer and their treatment (Nelson
and Suls 2013). More recent research has also reported that chemotherapy has negative

effects on the structural brain networks of cancer patients (Amidi et al. 2017).

Magnetic resonance spectroscopy (MRS) is an imaging technique that can provide further
insight into certain pathophysiologic mechanisms, whether it is white matter changes
representing inflammation or axonal death, by detecting changes in brain metabolites,
specifically Nacetylaspartate (NAA) (de Ruiter et al. 2012; Kelser et al. 2013; Nelson and
Suls 2013; Wefel et al. 2015). Using MRS scanning, one study found that reductions in NAA
are consistent with axonal degeneration (de Ruiter et al. 2012). While multimodal
neuroimaging research offers significant insight regarding the neural mechanisms
underlying neurocognitive function deficits, neuroimaging is not currently part of the
clinical standard of care for cancer (Wefel et al. 2015). In addition, the ultimate goal of
obtaining imaging biomarkers that closely reflect specific pathological features (e.g. neural
degeneration leading to cognitive decline) has not yet been achieved (De Stefano and

Giorgio 2015).

The majority of neuroimaging studies on the neurocognitive functioning of patients treated
with chemotherapy for non-central nervous system cancers have been conducted on breast

cancer patients (Cheng et al. 2017; Kesler et al. 2017b). Limited neuroimaging studies have
5



been conducted on patients with gynecological cancer (Hess et al. 2010; Hess et al. 2015;
Correa et al. 2017; Zeng et al. 2017). Given the poor understanding of the impacts of cancer
on neurocognitive function and brain networks in gynecological cancer patients, it is
important to explore the neurocognitive changes and brain network alterations in this
population. Therefore, there is a need for empirical studies to determine the onset of neural
degeneration and identify potential imaging biomarkers for cancer patients at risk for

neurocognitive function deficits; and then, there is a need to design prevention strategies.

1.3 Study Objectives

The objectives of this study were to explore the neurocognitive function deficits of
gynecological cancer patients pre- and post-chemotherapy, and to examine the possible
neural mechanism of neurocognitive function deficits in this study population.
Neurocognitive function deficits in this study are defined as the experience of symptoms
related to memory loss, decreased ability to concentrate, decline in executive functioning
(planning, sustained attention, and problem solving), and difficulty in multitasking
(Vannorsdall 2017). The specific aims of study Stage 1 were to explore Chinese
gynecological cancer patients’ perceived cognitive complaints and relevant supportive care
needs after primary cancer treatment. The specific aims of study Stage 2 were to assess
neurocognitive functioning and functional brain networks in Chinese gynecological cancer
patients pre- and post-chemotherapy. The specific aims of study Stage 3 were to examine
the possible underlying neurobiological mechanisms of neurocognitive function deficits in

gynecological cancer patients.



1.4 Thesis Outline

This thesis consists of seven chapters. Chapter 1 presents the general study background and
objectives. Chapter 2 is a literature review of neuropsychological interventions for
gynecological cancer survivors. Due to limited interventions conducted for this study
population, this thesis expanded the literature search into all non-central nervous system
cancer survivors. Although this literature review indicates that cognitive rehabilitation and
cognitive training may be effective in reducing neurocognitive function deficits in cancer
survivors, the underlying mechanism of neurocognitive function deficits remains unclear,
and there is a lack of a specific theoretical framework for investigating neurocognitive
function deficits among gynecological cancer survivors. Thus, a qualitative research study
has been conducted to establish a theoretical framework specific to this study population.
The prospective longitudinal quantitative study undertook the detection of the possible early
predictors of neurocognitive function deficits in gynecological cancer patients, and a
multimodal MRI study followed to explore the underlying neural mechanisms of
neurocognitive function deficits in Chinese gynecological cancer patients. Accordingly,
Chapter 3 of this thesis reports the methods of these three study stages. Chapter 4 reports the
findings or results of these three study stages, Chapter 5 reports the discussion and
limitations of these three study stages, Chapter 6 presents the general implications of the

study findings, and concludes this PhD thesis.



CHAPTER 2

Literature Review

Published as:
Zeng YC, Cheng ASK, & Chan CCH.

Meta-analysis of the effects of neuropsychological interventions on cognitive function in

non-central nervous system cancer survivors.

Integrative Cancer Therapies 2016; 15(4): 424-434.



2.1 Introduction

Due to medical technology advances, coupled with earlier detection of cancer, survival rates
for cancer patients have improved significantly. The five-year relative survival rate from all
cancer sites is 68% (Siegel et al. 2015). Globally, 32.6 million people are cancer survivors
(Torre et al. 2015). As cancer survival rates increase, neurocognitive function deficits have
emerged as a significant problem affecting survivors (Alvarez et al. 2013; Denlinger et al.
2014). The prevalence of neurocognitive function deficits for cancer survivors was up to 75%
both during and after treatment (Wefel and Schagen 2012; Vannorsdall 2017), particularly
affecting attention, memory, executive function, and information processing speed

(Janelsins et al. 2014; Treanor et al. 2014; King and Green 2015).

Increasing research evidence shows that neurocognitive function deficits were associated
with having cancer, as well as with cancer treatment (Cimprich et al. 2010; Schuurs and
Green 2013). There is an accumulating body of evidence suggesting that cancer patients
could suffer cognitive impairment, even before systematic treatment begins (Schuurs and
Green 2013; Mandelblatt et al. 2014). In addition, there are accumulating published studies
showing that cancer treatments, particularly chemotherapy, could influence the cognitive
function of cancer survivors upwards of months, to even years (Schuurs and Green 2013;
Wefel et al. 2010). These cognitive impairments could exert a significant impact on social
and occupational functioning, interfering with the ability to carry out normal daily activities,
all of which in turn contributes to lower quality of life for cancer survivors (Craig et al. 2014;

Kesler et al. 2013; Wefel et al. 2015).

There are limited pharmacological treatment approaches for the management of cognitive
impairment, and it is noted that pharmacological treatments often have side effects (King

and Green 2015; Gehring et al. 2012). Cognitive rehabilitation support and



neuropsychological modulation strategies are an increasingly common approach to
supporting cancer survivors (Alvarez et al. 2013; Hofmann et al. 2012). One review by
Gehring and colleagues (2012) comprehensively examined a range of pharmacological and
non-pharmacological interventions for cancer-related cognitive deficits. Hines et al. (2014)
conducted a systematic review focusing on the effectiveness of psychosocial interventions
for chemotherapy-related cognitive dysfunction. However, both articles only reviewed
relevant intervention studies published during or prior to 2011. According to King and Green
(2015), many studies related to psychological interventions for cognitive dysfunction among
adult cancer patients following treatment were published after 2012. Therefore, this chapter
aimed to quantitatively evaluate the most recent studies on the effects of neuropsychological
interventions on gynecological cancer survivors’ cognitive function, and to identify
implications for future research. Due to very limited studies in this target study population,
this chapter expanded to review the effects of neuropsychological interventions on cognitive

functions of patients with non-central nervous system tumors.

2.2 Methods

Data sources and searches

Three databases (PubMed, PsycInfo, and CAJ Full-text Database) were searched from
January 2010 to September 2015, including articles published in both English and Chinese.
The search terms included a combination of neuropsycholog*, cognit*, neurocognit*,
neurobehavior*, intervention*, rehabilitation, trial, cancer, and cancer survivors. Searches

were limited to adult human studies.
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Study and participant types

Studies were eligible for inclusion if they were controlled clinical trials including
randomized controlled trials and clinical trials without randomization, which addressed the
effects of neuropsychological interventions on the cognitive function of individuals with
cancer. Inclusion criteria comprised (1) patients diagnosed with primary cancer during
adulthood-onset (aged 18 years or older), because patient-reported cognitive function
measures for childhood-cancer survivors differ from adult measures (Gehring et al. 2008);
and (2) with a non-brain or non-central nervous system (CNS) tumor, as a brain or CNS
tumor can directly impact the brain, and thus the cognitive processes, of cancer survivors
(Gehring et al. 2010). Exclusion criteria included patients diagnosed with primary cancer
during childhood-onset (aged 18 years or younger), and with a brain or CNS tumor, as there
were existing reviews focused on brain tumors or other CNS tumor (Gehring et al. 2010;

Gross-King et al. 2010).

Types of interventions and outcome measures

Studies were included if they used any type of neuropsychological interventions aimed at
the improvement of cognitive function in cancer survivors. The primary outcome was
cognitive function by subjective and/or objective cognition outcome measures. Secondary

outcomes included any adverse effects as a result of neuropsychological interventions.

Data extraction and assessment of bias risk

For each study, data was independently extracted from the original paper by one of the main
researchers, and then verified by the second researcher. Any disagreements on data
extraction were resolved by discussion among the research team members. The Cochrane
Risk of Bias Assessment Tool was used to evaluate the risk of bias of the included trials.

This assessment tool consists of seven domains: random sequence generation, allocation
11



concealment, blinding of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other biases (Higgins and Green 2011).
Each domain was carefully assessed as to whether it had low, high or unclear risk of bias in

accordance with the judgment criteria.
Data synthesis and analysis

Data were synthesized and analyzed using the Cochrane Collaboration’s Review Manager
(RevMan 5.3) (The Cochrane Collaboration 2014). The heterogeneity of included trials was
assessed using Chi-square and /2 statistics, and a Chi-square of P-value greater than 0.1 or
an % value of less than 50% was considered to be indicative of statistical homogeneity
(Higgins and Green 2011). The random-effects model was used to combine statistically
heterogeneous clinical trials, whereas the fixed effects model was used to combine
statistically homogeneous trials (Higgins and Green 2011). For the effects of intervention
on cognitive function, weighted mean difference (WMD) was calculated when cognitive
function outcomes were measured using the same scale, and the standardized mean
difference (SMD) was used when different scales were used to measure cognitive functions
among different trials, with corresponding 95% confidence intervals (Cl) (Higgins and
Green 2011). Data pooling in this meta-analysis was performed for the effects of

neuropsychological interventions by subjective and objective outcome measures.

2.3 Results
Description of included trials

The flow diagram of the literature search process is given in Figure 2.1. A total of 10 trials

(Alvarez et al. 2013; King and Green 2015; Schuurs and Green 2013; Kesler et al. 2013;
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Cherrier et al. 2013; Ercoli et al. 2015; Ferguson et al. 2012; Goedendorp et al. 2014;

McDougall et al. 2011; Von Ah et al. 2012) were included in this meta-analysis.

141 potentially relevant studies identified
and screened for retrigval through
PubMed, Psycinfo, and CAJFD

‘34 of duplicate records removed

75 studies did not meet
inclusion criteria due ta
review articles, or case series

‘ 107 of records screened

13 studies excluded due to not
taking cognitive function as a
primary end-point or study patients

32 studies initially reviewed with central nervous system tumars
19 studies selected for preliminary 9 of full-text articles excluded
inclusion in meta-analysis due to no comparison graup

10 studies included for final
inclusion in meta-analysis

Figure 2.1 Study flow diagram of literature search
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Table 2.1 summarizes the characteristics of these trials. Each trial was evaluated in terms of
its risk of bias, and the overall bias risk is shown in Figure 2.2. Of these 10 studies, seven
studies (King and Green 2015; Kesler et al. 2013; Cherrier et al. 2013; Ercoli et al. 2015;
Ferguson et al. 2012; Goedendorp et al. 2014; Von Ah et al. 2012) were randomized trials.
Three studies (Alvarez et al. 2013; Schuurs and Green 2013; McDougall et al. 2011) were
case-control designs, leading to a high risk of bias for random sequence generation and

allocation concealment.

Random sequence generation (selection bias) _:_

Allocation concealment (selection bias) _:_

Blinding of paricipants and personnel (performance bias) - _
Blinding of outcome assessment (detection bias) - |
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _:I

omervos [N [

0% 26% 0% 79%  100%

.LDW risk of hias DUnclearrisk ofbias .Highrisk of bias

Figure 2.2 Overall risk of bias assessment using the Cochrane tool

Measurements of neurocognitive function deficits

From Table 2.1, there are subjective cognitive measures and objective neurocognitive tests.
The most common subjective cognitive measures include FACT-Cog (Functional
Assessment of Cancer Therapy-Cognitive Function) and MASQ (Multiple Ability Self-
report Questionnaire). Common objective measures include brain imaging via gEeG and
formal neurocognitive tests, such as verbal learning tests by RBANS (Repeatable Battery
for Neuropsychological Status), RAVLT (Rey Auditory Verbal Learning Test), CVLT
(California Verbal Learning Test), or HVLT-R (Hopkins Verbal Learning Test-Revised),
Trial Making Test, Digit Symbol, and Digit Span. These neurocognitive tests were applied

to measure participants’ attention, verbal and visual memory, executive function and

14



information processing speed. In terms of interventions, one study (Alvarez et al. 2013) used
a neuro-modulation intervention by EEG neuro-feedback for breast cancer survivors. Three
studies (Kesler et al. 2013; McDougall et al. 2011; Von Ah et al. 2012) made use of cognitive
training interventions. Six studies (King and Green 2015; Kesler et al. 2013; Cherrier et al.
2013; Ercoli et al. 2015; Ferguson et al. 2012; Goedendorp et al. 2014) used cognitive
rehabilitation interventions, mainly delivering interventions in a group format. Intervention

duration ranged from four weeks to six months (Table 2.1).

Table 2.1 Characteristics of 10 included studies in literature review

Outcome
Authors Desi Study Study Measures for Main Findings and
(Year) gn Sample Interventions Cognition Conclusion
Alvarezet CC 23 female 10-week (20 Subjective Study revealed
al (2013) T  breast cancer sessions) measure: strongly significant
survivors, whole brain  FACT-Cog improvements on 4
aged 40 EEG domains of FACT-
years or neurofeedb Cog (P <0 .01)
older, and ack training
with 6-60 regimen vs
months normative
posttreatmen  sample
t
Cherrieret RC 28 female and 7-week Subjective The treatment group
al (2013) T  male non- cognitive measure: demonstrated
CNS cancer  rehabilitatio FACT-Cog improvements in
survivors, n Obijective symptoms of PCI,
with amean intervention measure: PCA, and overall
age of 60.5  vswaitlist  RAVLT for impact of quality of
years and control verbal life related to
with a memory; cognitive symptoms
median of 3 Stroop Trial (P <0.01). This
years for executive group also improved
posttreatmen function; Digit  on objective
t Symbol and measures of
Digit Span for  attention (P <0 .05)
attention
Ercolietal RC 48 female 5-week Subjective The cognitive
(2015) T  breast cancer group-based measure: rehabilitation group
survivors intervention  PAOFI; improved significantly
with amean sincluded Objective on PAOFI total and
age of 54.5  psychoeduc measure: memory score (both P
years and ation and =0.01), and on
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with 18 cognitive RAVLT for RAVLT total trials (P
monthsto 5  exercisesvs verbal memory =.02) and delayed

years waitlist recall scores (P <0
posttreatmen  control .01). On gEEG, this
t group also showed a

decreased in delta
“slow wave” power
and alpha power (both

P <0.05)
Ferguson et RC 40 female 8-week CBT Subjective The intervention group
al (2012) T  breast cancer intervention measure: made significant
survivors, focusedon  MASQ; improvements on
with amean memory and Objective verbal memory, but
age of 50 attention measure: no statistical
years and adaptation ~ CVLT for significance on self-
after trainingvs  verbal memory; reported cognitive
chemotherap  waitlist Digit Symbol complaints
y control for attention;
Trail Making
Number-Letter
trial for
executive
function
Goedendorp RC 98 female and 6-month CBT Subjective The CBT group
et al T  male non- intervention  measure: CIS-  reported significantly
(2014) CNS cancer  focusedon  Concentration; less cognitive
survivors, memory and Objective disability. CBT also
with amean attention measure: Digit  was associates with a
ageof 44.6  adaptation  Symbol for clinically relevant
years old, trainingvs  attention; reduction in
and withat  waitlist Reaction Time  concentration
least 1 year  control Task for speed  problems, but no
posttreatmen of information  significant
t processing differences in
objective cognitive
tests
Kesleretal RC 41 female 12-week Subjective Cognitive training led to
(2013) T  breast cancer online, measure: significant
survivors, home-based BRIEF; improvements in
with a mean  cognitive  Objective cognitive flexibility,
age of 55 training measure: verbal fluency and
years and programvs  HVLT-R for processing speed, and
experiencing  waitlist verbal self-rating executive
long-term control memory; function skills
cognitive WCST for
deficits language; Digit
Span for
attention
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Kingand RC 29 femaleand 4-week Subjective Participating in the
Green T  male non- cognitive measure: intervention was
(2015) CNS cancer  rehabilitatio FACT-Cog; associated with

survivors, n program  Objective significantly faster
withamean  for adults measure: performance on one
age of 50.4 recovering  RBANS for objective cognitive
years and from cancer immediate and task that measures
completed vs waitlist  delayed processing speed and
major control vs memory; TMT visual scanning. The
treatmentat  normative  for attention intervention group
least 6 sample and executive  also reported
months function improvement on
subjective measures of
cognitive impairment
and cognitive self-
efficacy

McDougall CC 22 female and Memory Subjective The memory
etal T  male non- intervention measure: intervention group
(2011) CNS older vs health MSEQ and tended to improve

cancer training MIA; more than the health
survivors, intervention Objective training group in
withamean overa2- measure: daily verbal memory
age of 73.86  year period HVLT-R for performance scores,
years and verbal memory self-efficacy,
experienced memory; strategy use and
treatment- VMT-R for memory complaints
induced visual memory

memory

impairments

Schuursand CC 22 female and 4-week Subjective The intervention was
Green T  male non- group-based measure: effective in
(2013) CNS cancer  cognitive FACT-Cog improving overall

survivors, rehabilitatio and MASQ; cognitive function,
withamean ntreatment Objective visuospatial
age of 58.2 VS no measure: performance,
years and intervention RBANS for immediate memory
immediately  cancer immediate and  and delayed memory
completed survivors vs  delayed
cancer normal memory; TMT
treatment adults for attention

and executive

function

Von Ahet RC 82female 8-week Subjective Memory training

al (2012) T  breast cancer group- measure: intervention
survivors, based FACT-Cog; improved memory
withamean  memory Objective performance at 2-
age of 56.5 trainingvs  measure: month follow-up (P <
years old, waitlist RAVLT for 0.05); speed of
and at post-  control verbal processing training
cancer memory; improved processing
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treatment for UFOV for speed at
at least 1 year objective speed postintervention and
of process 2-month follow-up
(both P <0 .05). Both
interventions were
associated with
improvements in
perceived cognitive
functioning, symptom
distress and quality of
life
Abbreviations: BRIEF, Behavioral Rating Inventory of Executive Function; BVMT-R, Brief
Visuospatial Memory Test-Revised; CBT, Cognitive—Behavioral Therapy; CCT, Controlled
Clinical Trial; CIS, Checklist Individual Strength; CNS, Central Nervous System; CVLT,
California Verbal Learning Test; EEG, Electroencephalography; FACT-Cog, Functional
Assessment of Cancer Therapy—Cognitive Function; HVLT-R, Hopkins Verbal Learning
Test-Revised; MASQ, Multiple Ability Self-report Questionnaire; MSEQ, Memory Self-
Efficacy Questionnaire; MIA, Meta-memory in Adulthood; PAOFI, Patient’s Assessment
of Own Functioning Inventory; PCA, Perceived Cognitive Abilities; PCI, Perceived
Cognitive Impairment; RAVLT, Rey Auditory Verbal Learning Test; RBANS, Repeatable
Battery for Neuropsychological Status; RCT, Randomized Controlled Trial; TMT, Trail
Making Test; UFOV, Useful Field of View; VMT-R, Visuospatial Memory Test—Revised.

Effects of neuropsychological interventions on subjective cognitive function

Three trials (Cherrier et al. 2013; King and Green 2015; Schuurs and Green 2013) with a
total of 86 subjects measured improved FACT-Cog subscales of perceived cognitive
impairment (PCI), perceived cognitive abilities (PCA), and impact of perceived cognitive
impairments on quality of life (IPCIQL). Figure 2.3 shows the WMD for the overall effect
of cognitive rehabilitation (CR) interventions was -0.19 (95 % CI -2.98, 2.61). The WMDs
for the three subscales of PCI, PCA, and IPCIQL were -0.76 (95 % CI -18.90, 17.38), 0.28
(95 % CI -4.29, 4.85), and -1.50 (95 % CI -4.59, 1.60), respectively. Although the
improvement of subjective cognitive function was in favor of CR interventions, there is no

statistically significant difference (Z score = 0.13, P = 0.90).
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Experimental Control

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
1.21 PCI

Cherrier 2013 51 ar 12 4289 47 16 12.3% 8.10[4.14,12.08] —_—
King & Green 2015 456 155 15 354 17 13 40% 10.20 [1.92, 22.32] 7
Schuurs & Green 2013 467 17 22 G812 8 47% -21.30[32.24, -10.36]

Subtotal (95% Cl) 49 37 21.0%  -0.76 [-18.90,17.38] ——e
Heterogeneity: Tau®=233.45; Chi®= 2526, df= 2 {P = 0.00001}, F=92%

Testfor averall effect Z=0.08 (P =093}

1.2.2 PCA

Cherrier 2013 201 2.3 12 171 1.4 16 15.5% 3.00[1.40,4.60] -
King & Green 2015 175 BB 15 163 BE 13 10.8% 1.20 -3.77,6.17] —_
Schuurs & Green 2013 m A4 22 258 85 8 BE% -5.80 1219, 059 —
Subtotal (95% Cl) 49 37 351% 0.28 [4.29, 4.85] -
Heterogeneity: Tauwr=11.46; Chi*=710,df=2{P=003};, F=72%

Testfor averall effect Z=012 (P =0.90)

1.2.3IPCIGQL

Cherrier 2013 948 14 12 98 1.2 16 16.0% 010 [-0.89,1.09] T

King & Green 2015 103 4.8 15 103 33 13 137% 0.00[-3.02,3.07] —_
Schuurs & Green 2013 985 &1 22 145 23 8 142% -4 80 [-7.56, -2.24] —

Subtotal (95% Cl) 49 37 44.0% -1.50 [-4.59, 1.60] S .
Heterogeneity: Taur=610; Chi*=12.02, df=2 (P=0.002); F=83%

Testfor averall effect £=095 (P =0.34)

Total (95% Cl) 147 111 100.0% -0.19 [-2.98, 2.61]

Heterogeneity: Tau®=12.40; Chi*= 61.60, df= 8 (F = 0.00001), F=87%

Testfor overall effect: =013 (P = 0.90)

Testfor subaroup differences: Chif= 040, df= 2 (P=082, F=0%

*

1 1 1 1
=20 -0 0 10 20
Favours control Favours experimental

Figure 2.3 Subjective cognitive function (FACT-Cog) at post-intervention

Figure 2.4 shows that the SMD for the effect of cognitive training (CT) interventions was

0.52 (95 % CI 0.06, 0.98).

Experimental Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
McCougall 2011 51.96 1591 g8 468 11.23 14 27.5% 0.38 [-0.80,1.26] I —
Wan Ah 2012 9386 1554 26 8482 158 29 T15% 0.57 [0.03,1.11] ——
Total (95% Cl) 34 43 100.0% 0.52 [0.06, 0.98] i
Heterogeneity: Chif= 013, df=1(P= 0723 F=0% 52 51 1 15

Test for overall effect £=2.20 (P =0.03)

Figure2.4 Subjective cognitive function at post-intervention

Favours control Favours experimental

By follow-up assessment of the effect of CT interventions for the subjective cognitive

function, Figure 2.5 also shows its positive effects and the SMD was 0.54 (95% CI: 0.08-

1.00; Z score = 2.29, P = 0.02), indicating that CT interventions had positive effects on

improving the subjective cognitive function of cancer survivors in the follow-up evaluation.
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Experimental Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean S0 Total Mean 5D Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
McCaugall 2011 a6.04 1027 8 5249 111486 14 27.8% 0.31 0587, 1.18] R —
War Ah 2012 9817 1534 J6 8B.32 1559 29 T1I% 0.63[0.08,1.17] —i—
Total (95% Cl) 34 43 100.0% 0.54 [0.08, 1.00] -
Heterogeneity, Chif=0.37, df=1 (P = 0.54); F= 0% I2 I1 I 1!

Test for overall effect Z=2 29 (P =002

Figure 2.5 Subjective cognitive function at follow-up (< 6 months)

Favours control  Favours experimental

Effects of neuropsychological interventions on objective cognitive function

One trial (Alvarez et al. 2013) used brain imaging assessment via gEEG, and reported that

the intervention group showed positive effects in terms of cognitive function improvement:

a decrease in alpha power and delta ‘slow wave’ power (both P values < 0.05). By formal

neurocognitive tests, Figure 2.6 shows the improvement of neuropsychological status in

favor of intervention (WMD = 5.66, 95 % CI 2.97, 8.35) and with statistical significance (Z

score =4.12, P <0.0001).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.6.1 Total scale
King & Green 2015 1064 96 15 1015 137 13 92% 4903991379 -]
Schuurs & Green 2013 1087 M 22 984 15 § 86% 1030[1.10,19.50] T
Subtotal (95% CI) 37 21 17.7%  7.51[1.11,13.90] -
Heterogeneity, Chi*= 068, di=1 (P=0.41); F= 0%
Test for overall effect 2= 2.30 (P = 0.02)
1.6.2 Immediate memory
King & Green 2015 1043 149 15 984 177 13 48% 5090[6.32,1812) T
Schuurs & Green 2013 108 114 22 994 119 8 80% 860[0.921812 T
Subtotal (95% Cl) 37 21 12.8% 7.58[0.07,15.09] i
Heterogeneity ChiF=0.12,di=1 (P=073),F=0%
Test for overall effect Z=1.98 (P = 0.05)
1.6.3 Visuospatial/constructional
King & Green 2015 971 141 15 96.5 171 13 5.3% 060F11.12,12.32) [ E—
Schuurs & Green 2013 98.2 148 22 884 163 § 44% 9.80[3.08 2268] =
Subtotal (95% Cl) 37 21 9.6% 4.77[-3.90,13.43] —~—
Heterogeneity. Chi*=1.07, di=1 (P=030), F=7%
Test for overall efiect Z=1.08 (P = 0.28)
1.6.4 Language
King & Green 2015 1086 &8 15 1055 11.2 13 147% 3.10(-3.92,1012] -1
Schuurs & Green 2013 1088 85 22 1035 08 8 145% 5.30[1.76,12.36) T
Subtotal (95% CI) 37 21 29.2%  4.19[-0.78,9.47] e
Heterogeneity. Chi*=0.19, df=1 (P = 0.66), F= 0%
Test for overall effect Z=1.65 (P=0.10)
1.6.5 Attention/concentration
King & Green 2015 1089 108 15 1083 131 13 89% 1.60[7.41,10861] R —
Schuurs & Green 2013 1083 154 22 1129 14 8 5.3% -4.60 [16.24,7.04] —
Subtotal (95% CI) 37 21 143% 0.72[-7.85,6.40] i
Heterogeneity: Chi*= 0.68, df=1 (F = 0.41), F= 0%
Test for overall effect. Z= 0.20 (P = 0.84)
1.6.6 Delayed memory
King & Green 2015 1048 123 15 975 13 13 82% 7.30[2121672 =
Schuurs & Green 2013 1079 998 22 935 122 8 8.2% 14.40[4.99 2381] R
Subtotal (95% CI) 37 21 16.3% 10.85[4.19,17.51] -
Heterogeneity: Chi*=1.09, df=1 (P=0.30); F=8%
Test for overall effect 2= 3.20 (P = 0.001)
Total (95% Cl) 222 126 100.0% 5.66 [2.97, 8.35] L 2
Heterogeneity. Chi*=10.20, df=11 (P=0.51), F=0% 30 0 5 0 P

Testfor overall effect Z= 4.12 (P = 0.0001)

Test for subaroup differences: Chif= 6.37, df= 5 (P=0.27), F= 21.5%

Favours control Favours experimental

Figure 2.6 Repeatable Battery for Neuropsychological Status (RBANS) Test at post-

intervention

Within the RBANS test, there were five subscales, but only two subscales - immediate

memory and delayed memory - with statistical significance: the WMDs were 7.58 (95 % CI

0.07, 15.09), and 10.85 (95 % CI 4.19, 17.51). For the verbal learning tests by RAVLT,

CVLT, or HVLT-R, Figure 2.7 indicates that the intervention group experienced an

improvement in verbal learning function, with the SMD at 0.50 (95 % CI 0.19, 0.81).
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean 5D Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl

Cherrier 2013 94 14 12 F9 12 18 141% 1.13100.32,1.94] e —
Ercali 2015 1.4 1 37076 1 16 24.8% 0.6310.02,1.24] e
Fergusan 2012 G363 407 19 BOBZ 876 M 240% 0.33[0.29, 0.96] e —

Kesler 2013 3 TN 53 5 M 248% 0.24 037, 0.86] —

MeDaugall 2011 59.38 649 8 52 1086 14 1221% 0.33F0.583,1.27 e e —

Total {95% CI) 92 87 100.0% 0.50 [0.19, 0.81] <
Heterageneity: Chi®= 2.54, df = 4 (P = 0473 F= 0% 52 51 T 15 é
Testfor overall effect: 2= 318 (F = 0.001) Favours control  Favours experimental

Figure 2.7 Verbal Learning Test (VLT) at post-intervention

Within a six-month follow-up, Figure 2.8 shows that the intervention had statistically
significant effects on improved verbal learning function among cancer survivors. The SMD

was 0.58 (95% CI: 0.19, 0.98; Z score = 2.88, P = 0.004).

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ercali 2014 143 1 32048 1 16 39.5% 0.93[0.30,1.87] ——
Ferguson 2012 G847 971 19 6421 1182 M 40.0% 0.39[-0.24,1.07] T
MeDougall 2011 a8.79 1027 g 5249 1186 14 206% 0.28 [-0.59,1.16] I
Total (95% Cl) 59 51 100.0% 0.58 [0.19, 0.98] &
Heterogeneity; Chif= 2.01, df= 2 (P = 0.37% F= 1% 54 52 T é i
Testfor overall effect 2= 2.88 (= 0.004) Favours contral Favours experimental

Figure 2.8 Verbal Learning Test (VLT) at follow-up (£6 months)

For cognitive performance, as measured by Digit Symbol, Digit Span, and TMT, none of
these cognitive tests have statistical significance. While CR interventions showed trends in
the direction of improving attention, processing speed and working memory by Digit
Symbol at post-intervention and follow-up within six months (Figures 2.9-2.10), the
intervention effect sizes’ CI were crossed zero (both WMDs = 0.90, 95%CI = -0.42 to 2.23,;

-0.79 to 2.59, respectively).
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Cherrier 2013 72 349 12 709 34 16 23.0% 1.10[1.66, 3.86]
Ferguson 2012 1405 295 19 13.07 216 21 G67.4% 098 [0.64, 2.60]
Goedendorp 2014 71 M 50 572 106 48 9E6% -010[4.38,4.18]
Total (95% CI) | 85 100.0% 0.90[-0.42,2.23]
Heterogeneity, Chif=0.24, df= 2 (P =089, F=0% —1'0 _-5 ﬁ é 1'IJ

Testfor overall effect Z=1.34 (F=018)

Figure 2.9 Digit Symbol Test at post-intervention

Favours control Favours experimental

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ferguson 2012 1442 2498 19 1333 2495 21 B4.4% 1.09[-0.75, 2.93] T
Goedendarp 2014 571 N a0 a7.2 106 48 156% -010[-4.38, 4.18] s
Total (95% Clj 69 69 100.0% 0.90 [-0.79, 2.59] ?
0

Heterogeneity: ChiF= 0,26, df=1 (P = 0.62); F= 0%

Testfor overall effect £=1.05 (F=0.29)

-10

Figure 2.10 Digit Symbol Test at follow-up (£6 months)

)
}
-8 5

Favours control Favours experimental
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Cognitive performance, measured by Digit Span and TMT - including functions of attention,

spatial organization, executive function and mental flexibility - was also in favor of

intervention, but found no statistical significance (Figures 2.11-2.12).

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Cherrier 2013 213 14 12 17 1 16 51.3% 4.30(3.51,5.09) L 3
Kesler 2013 13 3 15 4 20 487%  -2.00[4.17,017)
Total (95% CI) 33 36 100.0% 1.23 [-4.94,7.41)

Heterogeneity: Tau®=19.15; Chi*= 28.51, df=1 (P < 0.00001); F= 96%

Testfor overall effect Z= 039 (P =0.70)

1 I

Figure 2.11 Digit Span Test at post-intervention

+ }
-10 -5 1] |

1
T T T
10
Favours control Favours experimental

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
1.81TMT-A
King & Green 2015 241 52 15 302 104 13 B52% -B.10[12.34,014) —
Schuurs & Green 2013 385 225 22 359 102 8 183% 260[-9.16,14.36) e
Subtotal (95% Cl) 37 21 83.5% -4.19[-9.70,1.32] -
Heterogeneity. Chi*=1.64, df=1 (P =0.20); = 39%
Testfor overall effect Z=1.49(P=0.14)
1.8.2TMT-B
King & Green 2015 52.3 132 15 602 242 13 11.6% -7.90[-22.65, 6.85) ———
Schuurs & Green 2013 734 35 22 733 252 8 49% 0102268, 22.88) S
Subtotal (95% Cl) 37 21 16.5% -5.54[-17.92, 6.85] *
Heterogeneity. Chi*= 0.33, df=1 (P = 0.56), "= 0%
Testfor overall effect. Z=0.88 (P=0.39)
Total (95% CI) 74 42 100.0% -4.41[-9.45,0.62] -

it iR - - - R = } + } }

Heterogeneity, Chi*=2.01, df=3 (P =0.57), F= 0% 20 10 0 10 20

Testfor overall effect Z=1.72 (P =0.09)

Testfor subgroup differences: Chi*= 0.04, df=1 (P =0.85), F= 0%

Favours experimental Favours control
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Figure 2.12 Trial Making Tests (TMT) at post-intervention

Of 10 included trials (Alvarez et al. 2013; Cherrier et al. 2013; Ercoli et al. 2015; Ferguson
et al. 2012; Goedendorp et al. 2014; Kesler et al. 2013; King and Green 2015; McDougall
et al. 2011; Schuurs and Green 2013; Von Ah et al. 2012), no study reported adverse effects

related to neuropsychological interventions.

2.4 Discussion

Based on the most recent research literature, most common neuropsychological
interventions could alleviate cognitive impairment in cancer survivors, including cognitive
rehabilitation interventions by behavioral therapy approaches, mainly in a group format, and
with cognitive brain training delivered mainly in an individual format. Findings from this
literature review indicated that cognitive training interventions have positive effects on
improving subjective and objective cognitive function in cancer survivors, although the
effect sizes have been modest (SMDs ranging from 0.50 to 0.58). For example, CT
interventions by an online and home-based program significantly improved multiple
executive function skills, as reported by objective and self-report measures (Kesler et al.
2013). CR interventions have positive effects in formal neurocognitive tests, such as the
domains of immediate and delayed memory by RBANS, and several verbal learning tests.
In Ferguson et al. (2012)’s study, interventions by cognitive behavioral treatment were
effective at improving memory and attention problems. Cognitive neuromodulation
strategies offer new and noninvasive approaches for ameliorating cognitive dysfunction
(Ercoli et al. 2015). One study, which used neurofeedback, found positive effects in self-
reported cognitive measures and objective cognitive functions in breast cancer survivors

(Alvarez et al. 2013).
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Most trials included in this meta-analysis only assessed the immediate effects at post-
intervention or short-term follow-up (six months or less), as long-term follow-up assessment
can monitor the sustainability of intervention effects. Hence, future research should be
conducted in a longer-term follow-up to establish whether neuropsychological interventions
have long-term effects on the improvement of cognitive function in cancer survivors. More
than half of the trials included in this review focused on a study population of breast cancer
survivors, and the remaining trials, with mixed types of cancer survivors, also included a
study sample of breast cancer survivors. While breast cancer is the most common type of
cancer globally, with a relatively good five-year survival rate, many other cancer patients
may experience similar survivorship issues, as the five-year relative survival rate for all

cancer populations is now up to 68% (Siegel et al. 2015).

In addition, studies of other cancer populations could help researchers understand whether
different types of cancers have specific risk factors and different underlying mechanisms
leading to neurocognitive function deficits (Janelsins et al. 2014). In terms of outcomes,
most trials included in this review used a combination of self-reported cognitive measures
and formal neurocognitive tests. Self-reported measures may ask about cancer survivors’
cognitive problems over a period of time, but neurocognitive tests can only detect their
cognitive function at a certain point of time (Janelsins et al. 2014). Hence, future research
should also utilize subjective and objective cognitive function measures, in order to better
capture neurocognitive function deficits in cancer survivors. Furthermore, this review found
that various neuropsychological tests have been used, which may contribute to error variance
and type Il error. A task force has recommended that a core set of neuropsychological tests

be used across studies to facilitate interpretation of study findings (Wefel et al. 2011).

While the process of meta-analysis could obtain a weighted average effect size across a

number of different trials (Jim et al. 2012), it is important to note that an important result
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found in one study could be washed out by the null results of other studies (Hodgson et al.
2013). Ideally, the methodological limitations of meta-analysis could be resolved by a
presentation of Integrative Data Analysis (IDA), which is also expected to increase statistical
power and generalizability of results by combining raw data (Joly et al. 2015). Similar to a
meta-analysis, raw data from multiple samples (e.g. different types of cancer survivors)
could be combined into a single data analysis, despite the fact that all cognitive outcomes
may not be measured using the same instruments (Joly et al. 2015). Hence, the IDA method
analyzes the combined original data, and may overcome the limitations of the synthesis of
summary statistics drawn from multiple studies, by calculating secondary data as meta-
analysis. Another limitation of this meta-analysis was the conclusion drawn in a number of
trials with small sample sizes. Findings of this meta-analysis should be confirmed in future

randomized trials with larger sample sizes.

This meta-analysis found that neuropsychological interventions had positive effects,
improving cognitive function in cancer survivors. Further research should be conducted to
explore relevant risk factors for identifying patients at increased risk for neurocognitive
function deficits, and to explore the possible underlying mechanisms of neurocognitive
function deficits in cancer survivors by neuroimaging studies (Wefel and Schagen 2012;
Craig et al. 2014; Wefel et al. 2015). Although breast cancer survivors have received
relatively more attention in published literature, many other types of cancer survivors
experience similar survivorship issues (Wefel and Schagen 2012). Thus, further research
should be conducted on different types of cancer survivors to identify disease-specific risk
factors in cognitive impairment. Moreover, the trials in this meta-analysis show moderate to
high risk of bias. Future trial design should be randomized and the outcome assessors

blinded, in order to minimize potential methodological bias.
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From Hines and colleagues’ review (Hines et al. 2014), patients treated on psychosocial
interventions for cancer related cognitive dysfunction was limited, as current therapies only
indicated short-term effects (less than 6 months) on their symptoms. This review of most
recent intervention studies also indicated that the neuropsychological interventions did not
show any long-term effects on cognitive function outcomes. Gehring and colleagues’ review
(Gehring et al. 2008), which included pharmacological and non-pharmacological
interventions, found that “of the pharmacological agents studied and reviewed, off-label
modafinil has the strongest evidence base for beneficial effects on cognitive function in
patients with cancer.” This review also indicated that neuropsychological interventions may
improve aspects of objective cognitive function and subjective cognitive function. However,
this review concluded that overall subjective cognitive effects are larger than objective
cognitive effects. In contrast, this meta-analysis found effect size by objective

neurocognitive tests (up to 5.66) is larger than subjective cognitive measures (0.52 to 0.54).

2.5 Conclusion

Findings from this meta-analysis indicate that neuropsychological interventions can improve
cognitive function in cancer survivors, and support the need for future research. However,
since the conclusion from this meta-analysis was drawn based on trials with small sample

sizes, future research should be conducted on a larger sample.
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2.6 Summary

This chapter presents a literature review of neuropsychological interventions for CRCI in
gynecological cancer patients. Due to limited intervention conducting for this study
population, this thesis expanded literature search into all non-central nervous system cancer
survivors. While this review found that cognitive rehabilitation and cognitive training may
be effective in reducing cognitive impairment for cancer survivors, the underlying
mechanism of cognitive impairment is still unclear and there is a lack of specific theoretical
framework for investigating cognitive impairment issues among gynecological cancer
patients. Therefore, a qualitative research study conducted to establish a theoretical
framework specific for this study population, and the prospective multimodal MRI study
undertook to detect the possible early predictors of neurocognitive function deficits among

gynecological cancer patients. The next chapter presents the methods of three study stages.
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3.1 Methods of Study Stage 1

Design

Study Stage 1 utilized a qualitative research design. A semi-structured interview was used

to probe cervical cancer patients’ perceived cognitive complaints and supportive care needs.

Study framework

This study stage was guided by the conceptual model of chemotherapy-related changes in
cognitive function proposed by Myers (2009). This model consists of three key components:
antecedents (cancer diagnosis and cancer treatment), mediators (physiologic, psychosocial
and situational factors), and consequences (quality of life and functional ability) (Myers
2009). While this model is described as chemotherapy-related cognitive impairment, recent
evidence indicates that cancer itself is also related to cognitive impairment (Wefel et al.
2015). As suggested by Myers, when researchers learn more about the physiological and
psychological aspects of cognitive impairment, this model may require refining (Myers

2009).

Study sample

All study participants were recruited from the Gynecological Oncology Unit at a cancer
hospital. This study obtained ethical approval from the hospital’s ethics committee. A
purposive sample was drawn-up to recruit eligible informants. Inclusion criteria were:
women who were at least 18 years old, with a primary diagnosis of cervical cancer, and who
had completed their primary cancer treatment of surgery, radiation therapy or chemotherapy.
Exclusion criteria included potential psychiatric disorders, previous cancer history, or

traumatic brain injury.
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Study procedure and qualitative interviews

After obtaining ethical approval, the participants were recruited from the hospital’s
gynecological inpatient department. The third author assessed participant eligibility. The
eligible women were invited to the hospital’s meeting room to individually complete the
semi-structured interview. They were asked to participate in a semi-structured interview,
and complete a socio-demographic sheet. This sheet was used to collect information on
demographic and clinical characteristics, including age, education level, marital status,
tumor stage, type of cancer treatment received, and time since completion of primary cancer

treatment.

Qualitative interviews were guided by a narrative epistemology in order to encourage
participants to provide narrative accounts of their perceived experience (Benzein et al. 2001).
Researcher characteristics: The third author, who conducted the interview, is a nursing
professor who holds a Master of Nursing degree. All researchers in this study have been
conducting clinical research for more than five years, and all have received qualitative
research training. The interviewer was an experienced female research nurse, and the data
collection method was by written narrative, so that the interviewer's beliefs, biases and
preconceptions would have no influence on the direction of the interviews. No non-
participants were present for the interview, and the interviewer remained in the meeting

room to take field notes, in order to capture any emerging thoughts to guide data analysis.

The interviews were conducted face-to-face in the in-patient ward’s meeting room. All
interviews utilized an interview guide comprised of the following open-ended questions: 1)
Compared to before your cancer diagnosis, tell us about the overall change in your cognitive
abilities? For example, your perceptions of understanding what people say to you; thinking

of the right word when responding to others; and feeling confident about completing a task
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or taking on new tasks. 2) What do you think the common contributing factors to any
cognitive changes might be? 3) How do these perceived cognitive changes impact your daily
life or your ability to work? 4) How do you deal with these changes? In other words, what
types of coping strategies do you use as a result of any cognitive change you might be
experiencing? 5) What types of supportive care services do you need from healthcare
providers, to help you cope with any cognitive complaints? Each interview lasted 30 to 45
minutes, and was recorded by a digital recorder and transcribed verbatim. Data saturation
was achieved much earlier than the final sample size of 31 patients, as data collection and

analysis were performed simultaneously in an iterative process (Sandelowski 2000).

Data analysis

Qualitative interview data were transcribed to produce a verbatim transcript. During the
entire data analysis process, the researcher consciously separated herself from personal
biases, in order to be open to the information shared by study participants. NVivo 11.0
qualitative software (http://www.gsrinternational.com/nvivo-product/nvivoll-for-windows)
was applied to organize and code the verbatim transcript. Qualitative content analysis was
used to prepare, organize, and report the data (Elo and Kyngas 2008). A three-step content
analysis process was followed: ""1) The verbatim transcript was organized into meaning units
(such as words, phrases, sentences or paragraphs that conveyed similar content deemed
important in understanding patients' experiences). 2) The meaning units were coded and
categorized. 3) The abstraction process was guided by Myers's conceptual model and

continued until primary themes were identified (Elo and Kyngas 2008).

Two research members conducted content analysis independently. In case of any
disagreement with the interpretation of clusters or categories, a third research member was

involved in the discussion process, in order to establish a consensus. To ensure that the study
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findings were accurately reflecting informants' actual perceived experience of cognitive
changes, three research participants were invited to check the final verbatim transcript for
the purpose of collecting participant feedback and validation. The consolidated criteria for
reporting qualitative studies (COREQ) checklist was applied to guide this study and ensure

study rigor (Tong et al. 2007).

3.2 Methods of Study Stage 2

Design

This prospective and longitudinal study assessed all eligible subjects using subjective and
objective cognitive measures, structural and functional brain networks at pre- and post-

chemotherapy treatment.

Study sample

Subjects were Chinese females aged 18 to 65 years; with a primary diagnosis of Stage I-11I
gynecological cancer (cervical, ovarian, or uterine cancer); and who were ready for adjuvant
chemotherapy after surgical treatment. Inclusion criteria for healthy controls were women
who were chosen based on age (within one year older or younger than the patients), and the
same menopausal status as the patient group. Exclusion criteria for patients were women
with a previous history of cancer (not a primary diagnosis of cancer), and/or who were in a
terminal stage of cancer. Exclusion criteria for both patients and healthy controls included
brain tumors; potential psychiatric disorders, such as depression and anxiety; a history of
any neurological condition; traumatic brain injury; intellectual disability; and the use of
psychotropic medication. All patients were recruited in the Unit of Gynecological Oncology

at a general teaching hospital. All age-matched healthy controls were recruited from staff
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members at this hospital. This study obtained ethical approval from the ethics committees
at both The Hong Kong Polytechnic University and The Third Affiliated Hospital of
Guangzhou Medical University. All research participants joined this study voluntarily and

provided written informed consent.

Measures

Neurocognitive function assessment

As suggested by Joly et al. (2015), the most common domains of cognitive impairment in
cancer survivors include learning and memory, information processing speed, and executive
function. The International Cognition and Cancer Task Force (ICCTF) recommends the
following measures (at minimum) be included in assessing cognitive function in cancer
patients: the Hopkins Verbal Learning Test - revised (HVLT-R), the Trail Making Test
(TMT), and the Controlled Oral Word Association Test (COWA) (Wefel et al. 2011). This
study administered the Chinese version of the Auditory Verbal Learning Test - revised
version (AVLT-R) to measure the domains of learning and memory (Guo 2016); the TMT-
A, to measure information processing speed; the TMT-B, to measure executive function;
and the COWA to assess verbal fluency and language comprehension in Chinese
gynecological cancer patients (Strauss et al. 2006). According to Zeng et al. (2017), attention
and working memory were the most common neurocognitive dysfunctions in Chinese
gynecological cancer patients. This study also included the WAIS-I1I Digit Span test for

measuring attention and working memory (Wechsler 2003).
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Subjective cognitive measures

Self-reported cognitive functioning was assessed using the Functional Assessment of Cancer
Therapy-Cognitive (FACT-Cog) scale, a self-report questionnaire that measures PCI;
impact on quality of life; comments from others; and perceived cognitive ability (Wagner et
al. 2009). The FACT-Cog consists of 37 items and is designed to assess cognitive complaints
in cancer patients (Wagner et al. 2009). This study used the FACT-Cog to assess subjective

cognitive function in women with gynecological cancer.

Psychological measures and general information sheet

Depression and anxiety were evaluated using the Chinese version of the Hospital Anxiety
and Depression Scale (HADS) (Zigmond and Snaith 1994). The HADS is a 14-item self-
assessment scale to assess patients’ anxiety and depression levels. Each item is scored from
0 to 3. The anxiety and depression sub-scores are both on scales of 0 to 21. Higher total
scores indicate higher levels of anxiety and depression (Zigmond and Snaith 1994). The
Chinese version of HADS has been reported to have acceptable internal consistency and
validity (Lu et al. 2004; Nian 2012), and is found to be a reliable tool for assessing
psychological disturbances in cancer survivors (Zigmond and Snaith 1994). The Brief
Fatigue Inventory (BFI) has been validated as a short and comprehensive instrument to
assess the severity of fatigue and fatigue-related impairment in cancer survivors (Dimeo et
al. 2008; Mendoza et al. 1999). It consists of 10 items and allows a basic assessment of the
dimensions of activity, ability to walk, mood, work, interpersonal relationships, and
enjoyment of life (Mendoza et al. 1999). Lower scores indicate less severity of fatigue
(Mendoza et al. 1999). A general information sheet collected subjects' demographic and

clinical characteristics in terms of age, education level, employment, and marital status.
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Patients' clinical information included cancer types, disease stage, and treatment received

(e.g., Surgery, Radiation, Chemotherapy).

MRI data acquisition

According to the ICCTF's recommendations for neuroimaging studies in cancer and
cognition, a minimal set of MRI sequences should include an rs-fMRI and a high-resolution
T1-weighted anatomical MRI scan to assess functional brain networks (Deprez et al. 2018).
Whole brain rs-fMRI data were collected on a Philips 3.0T scanner (Achieva; Philips, Best,
The Netherlands), using an 8-channel SENSE head coil at The Third Affiliated Hospital of
Guangzhou Medical University, China. Throughout the rs-fMRI data acquisition, patients
were instructed to close their eyes and relax, but to remain in a maximally alert state. A T2-
weighted gradient-echo EPI sequence was used to obtain the rs-fMRI scan. A total of 240
whole brain EPI volumes were acquired using the following parameters: TR = 2000 ms, TE
=30 ms, flip angle = 90°, in-plane imaging resolution = 3 x 3 x 3 mm, in-plane field of view
(FOV) = 256 x 256mm, slice thickness = 4 mm, axial slices = 33. The rs-fMRI scan time
was 8 min 6 s. T1-weighted imaging was achieved for morphometric (GM volume, cortical
thickness and surface area) analysis using three-dimensional fast spoiled-gradient recalled
acquisition in steady state (3D-FSPGR) in 164 coronal slices with the following parameters:
acquisition matrix = 256 x 256; TE = 3.8 ms; TR = 8.2 ms; flip angle = 7°; FOV = 256 mm
x 256 mm; slice thickness = 1 mm; voxel resolution =1x1x1 mm. The 3D-T1 scanning time
was 5 min 58 s.

MRI data preprocessing and network analyses

The rs-fMRI images were preprocessed using GRETNA: a graph theoretical network
analysis toolbox for imaging connectomes (Wang et al. 2015). During the preprocessing
process, the first 10 volumes for signal were removed to reach a steady state, leaving 230

functional volumes for each subject. The remaining functional volumes were corrected for
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acquisition time delay between slices (slice timing) and head motion between volumes
(realignment). Other steps in preprocessing these functional data consisted of spatial
normalizing by DARTEL (warping individual functional images to the standard MNI space
by applying the transformation matrix that can be derived from registering the final template
file), spatially smoothing with a Gaussian kernel (full width at half-maximum of 4mm),
regressing out covariates (white matter, cerebral spinal fluid, global signals, and head-
motion profiles are removed to avoid noise signals by multiple regression analysis),
temporally linear detrending, temporal band-pass filtering (0.01-0.1 Hz), and scrubbing to
reduce the effects of head motion on rs-fMRI data. The networks were constructed based on
a voxel or region of interest approach. The Automated Anatomical Labeling (AAL) atlas
was used to parcellate the brain into 90 regions (cerebellum excluded). Functional brain
networks were constructed by thresholding the correlation matrices with a density of 5%.
All network analyses were performed using GRETNA (Wang et al. 2015). The values were
mapped onto the cortical surface using BrainNet Viewer (Xia et al. 2013). Data

preprocessing and network analyses are shown in Figure 3.1.

Hub identification

There are various methods to identify functional hubs. Some research suggests that hub
regions can be defined as degree, betweenness centrality, and/or clustering coefficient values
exceeding 1 SD (Standard Deviation) above the mean network, thus indicating hub status
(Sporns et al. 2007). Other research indicates that nodes with a high degree, exceeding 1.5
SD above the mean network, can be identified as functional hubs, mean that they exhibit
high connectivity to the rest of the brain (Cao et al. 2017). This study defined functional
hubs of research participants with node degree values exceeding 1.5 SD above the mean

network.
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Figure 3.1 Illustration of functional brain network construction for longitudinal
graph analysis

Statistical analysis

Descriptive statistics, correlation and comparison analyses were conducted using the
Statistical Package for Social Sciences (SPSS) version 23.0 (SPSS Inc, Chicago, IL, USA).
Descriptive statistics are presented as mean, standard deviation (SD), and range. Cancer
patients were rated as experiencing neurocognitive function deficits with a FACT-Cog score

of 85 or less (Vardy et al. 2006; 2017). Correlations of neurocognitive function with
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functional brain networks were made using Pearson correlation coefficients. Group
differences were tested with t-tests for continuous variables, and chi-square tests for
categorical variables. All statistical tests performed were two-sided, and a P value of less

than 0.05 was considered statistically significant.

3.3 Methods of Study Stage 3

Design

This prospective multimodal MRI study was conducted to assess cancer patients'
neuropsychological function, structural brain networks, and neurochemical properties pre-

and post-chemotherapy.

Study sample

All subjects were recruited in the Unit of Gynecological Oncology at a general teaching
hospital. Ethical approval was obtained from the ethics committees at both The Hong Kong
Polytechnic University and The Third Affiliated Hospital of Guangzhou Medical University.
Subjects were Chinese females aged 18 to 65 years; with a primary diagnosis of stage I-11I
gynecological cancer; and who were ready for adjuvant chemotherapy after surgical
treatment. Exclusion criteria were women with a previous history of cancer (not a primary
diagnosis of cancer), and/or who were in a terminal stage of cancer, and/or had a severe
needle phobia. Inclusion criteria for healthy controls included women within one year of age
and the same menopausal status as the patient group. Exclusion criteria for both the patient
and healthy control groups included potential psychiatric disorders, such as depression and
anxiety; a history of any neurological condition; traumatic brain injury; intellectual disability;

and the use of psychotropic medication.

39



Neurocognitive function assessment

The neurocognitive assessment measures that were used were the same as the study's Stage

2, including the AVLT-R, TMT, COWA and WAIS-I1I Digit Span test.
MRI and MRS data acquisition

The MRI data were acquired using a Philips 3T Achieva MRI/MRS scanner with an 8-
channel head coil. Neurocognition evaluation and MRI scans took place on the same day.
DTI and MRS were used to investigate changes in subjects' brain structural connectivity,
and changes in brain metabolites, respectively. DTI, high-resolution structural T1-weighted
brain scans were obtained using single-shot echo-planar imaging (EPI) (acquisition matrix
=128 x 128; TE = Minimum; TR = 16,000 ms; field of view = 256 mm x 256 mm; slice
thickness/gap = 2.0 mm/0 mm; scanning time = 6 min 56 s) with 32 distributed isotropic
orientations for the diffusion-sensitizing gradients at a b-value of 1000 s/mm? and a b-value
of 0. T1-weighted imaging was achieved for morphometric (GM volume, cortical thickness
and surface area) analysis using three-dimensional fast spoiled-gradient recalled acquisition
in steady state (3D-FSPGR) in 166 coronal slices (acquisition matrix = 128 x 128; TE = 3.9
ms; TR = 9.6 ms; field of view = 256 mm x 256 mm; slice thickness/gap = 2 mm/0 mm;

scanning time approximately 7 min).

As the hippocampus is an important brain structure due to its well-known function in the
maintenance of memory, especially on the left side of the brain (Menning et al. 2015), 1H-
MRS data were located in the region of the left hippocampus. Single voxel proton MR
spectroscopy was acquired in the left hippocampus to assess the neurochemical properties
of white matter. The region of interest is 2.5 x 1 x 1 cm?, and voxels contained the head,

body, and tail of the hippocampus. Fully automated PRESS (point-resolved spectroscopy),
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including global shimming (TR/TE=2000/35 ms, NSA=16) was acquired in the red box area

of the left hippocampus (Figure 3.2).

Figure 3.2 MRS data acquisition in the left hippocampus

MRI and MRS data processing and analyses

The DTI images were preprocessed using PANDA: a pipeline toolbox for analyzing brain

diffusion images (https://www.nitrc.org/projects/panda/). Each individual’s DTI data set

was registered to the same individual’s high-resolution structural image and then into the
standard Montreal Neurological Institute (MNI) space using affine transformations.
Fractional Anisotropy (FA) images were created from the pre-processed DTI data of all
subjects. All FA images were then non-linearly aligned to a common space. The mean FA
image was used to represent the center of all tracts common to the group. Then, all subjects’
aligned FA data were projected onto the skeleton, and the resulting data were subjected to
voxel wise cross-subject statistics. Whole brain tractography was then performed in the

patient’s native space for each subject at each time point using a deterministic streamlined
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approach (Cui et al. 2013; Irfanoglu et al. 2012), in which fiber pathways were reconstructed
by following the main diffusion tensor direction as indicated by the principal eigenvector,
until an FA value of 0.20 or lower was reached, or until an angular turn of 45 degrees or
more was made (Cui et al. 2013; Irfanoglu et al. 2012). The DTI data were used to construct
the large-scale connectivity of the brain network and to assess network outcome measures
using PANDA. The assessment of brain network measures was performed using the
GRETNA (Wang et al. 2015). The following characteristic graph metrics were estimated to
describe the topological organization of the whole brain structural networks: global
topological properties consist of small-world measures and global network efficiency; local
topological properties include local network efficiency, nodal clustering coefficient, and
nodal shortest path length. MRS data were analyzed using MRS software integrated into the
MR scanner. The experimentally measured spectra included N-acetylaspartate (NAA),
creatine (Cr), and choline (Cho). Metabolites were expressed in relative concentrations. The
ratios of NAA/Cr, NAA/Cho, Cho/Cr, and Cho/NAA were automatically determined by this
integrated software.

Statistical analysis

Preliminary descriptive statistics and correlation analyses were conducted using the
Statistical Package for Social Sciences (SPSS) version 23.0 (SPSS Inc, Chicago, IL, USA).
The threshold for statistical significance was set at P < 0.05. Descriptive statistics are
presented as mean, standard deviation (SD), and range. Cancer patients were rated as
experiencing neurocognitive function deficits "if two or more neurocognitive tests (AVLT,
TMT, COWA and Digit Span test) had a Z-score at or below -1.5, and/or one test had a Z-
score at or below -2.0 of the healthy control group (p.706)" (Wefel et al. 2011).
Transformation of patient Z-scores was computed as patients' raw score minus the mean of

the control group score and divided by SD. Correlations of neurocognitive outcomes with
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structural brain networks and neurochemical properties were made using Pearson correlation

coefficients.

3.4 Summary

This chapter presents study methods of all study stages. Study Stage 1 adopted the
qualitative approach to explore the issues of perceived cognitive complaints and supportive
care needs of Chinese gynecological cancer survivors. Open-ended questions by written
narratives were adopted to obtain information on Chinese gynecological cancer survivors’
perceptions of cognitive complaints. Stage 2 of this study used a prospective, longitudinal
approach to assess Chinese gynecological cancer patients' neurocognitive functioning, and
functional brain networks at pre- and post-chemotherapy, while additionally including age-
matched healthy subjects as the control group. The final study stage was a multimodal MRI
study that aimed to examine the possible neural mechanism of neurocognitive function
deficits in gynecological cancer patients. This multimodal MRI study was used to assess
structural brain networks, and neurochemical properties in this study population at pre-and

post-chemotherapy. The next chapter presents empirical study findings and results.
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This chapter presents a description of the study participants, analysis of qualitative and
quantitative data, and interpretation of the study findings. As this study consists of three

stages, this chapter reports the findings of these study stages accordingly.

4.1 Findings of Study Stage 1

A total of 50 patients with cervical cancer were approached, with 31 agreeing to participate
in this written narrative interview. Those who did not join this study had no interest in
participating in any type of research. Their characteristics in terms of age, cancer stage and
treatment types were comparable to the patients who completed semi-structured interviews.
Of the 31 participants, 20 women (64.5%) reported cognitive complaints after cancer
treatment. The sociodemographic and clinical characteristics of women with cognitive
complaints and those without perceived cognitive complaints are listed in the following table.
From Table 4.1, the demographic/clinical characteristics of women with and without

perceived cognitive complaints are compared.
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Table 4.1 Demographic and clinical characteristics of participants with cognitive
complaints and without cognitive complaints at study Stage 1

Variables Mean (SD) / n (%)
With cognitive co  Without cognitive ¢
mplaints omplaints
(n=20) (n=11)
Age (years) (range) 46.40 (9.80) (19- 43.45(12.08) (19-56)
57)
Education levels
Primary school or below 11 (55.0) 5(45.5)
College 6 (30.0) 5(45.5)
University or above 3 (15.0) 1 (9.0)
Employment status
Employed but on medical leave 10 (50.0) 7 (63.6)
Unemployed or retired 10 (50.0) 4 (36.4)
Marital status
Married 19 (95.0) 10 (90.9)
Divorced 1(5.0) 19.1)
Disease stage
Stage 1A 7 (35.0) 4 (36.4)
Stage IB-1IA 11 (55.0) 6 (54.5)
Stage 1IB-IVA 2 (10.0) 1 9.1
Types of treatment
Surgery 5(25.0) 3(27.3)
Surgery + chemotherapy* 5(25.0) 4 (36.4)
Surgery + radiation therapy 2 (10.0) 0 (0.0)
Surgery-+radiation+chemotherapy* 6 (30.0) 2 (18.2)
Radiation or chemotherapy* 2 (10.0) 2(18.2)
Time since completion of primary 1.70 (1.03) (1-5) 1.63 (1.20) (1-5)
treatment

(months) (range)
*Chemotherapy regimens including Paclitaxel (TAXOL) with Carboplatin (CBP) or
Cisplatin (DDP) or with both; CBP with Doxorubicin (ADM) or TAXOL with ADM,;
Bleomycin with Methotrexate (MTX) or MTX with DDP. All patients undertook a total of
4 cycles of chemotherapy.

Major categories that emerged from the data — which included cognitive complaints;
perceived contributing factors; the impact of cognitive problems on women’s daily lives,
health outcomes and work capabilities; coping strategies; and patients’ supportive care needs

from health care providers - are shown in Table 4.2. The most common complaint was loss
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of concentration (n=17, 85.0%), followed by memory problems (n=15, 75.0%). Other

common cognitive complaints included difficulties in learning, language issues (finding the

right words in everyday conversations), and a slowed rate of information processing.

Table 4.2 Major categories from the qualitative content analysis

Categories n (%)

Ilustrative quotes from participants

Cognitive complaints

Lost concentration 17
(85.0)

Easily forgetting things 15 (75.0)
or information from
others

Feeling it’s hard to 7 (35.0)
understand new things

Difficulties in finding 4 (20.0)
right word in general
conversation

Slowing down in 2 (10.0)
working efficiency,

compared with how

they used to be

Perceived causing
factors

Relating to 15 (75.0)
chemotherapy

Side effects of cancer 12 (60.0)
and its treatment

Aging 8 (40.0)

1t’s difficult to focus on a conversation or when
reading newspapers or books. My biggest
problem is lack of concentration

My memory changed a lot after chemotherapy;
when I meet my friend on the street, [ can’t even
remember her name. Sometimes, nurses tell me
about the illness, and I can’t even remember
what they have just told me

When | was reading books, I saw the words, but |
could not make sense of the words, even when |
read the same sentence several times.

When | speak with someone in general
conversation, it’s hard for me to find the right
words

| was used to being well organized in my work
and daily life, but it’s hard to get back all of
those abilities, and my work has slowed down a
lot

Even during chemotherapy, | found that my
memory changed a lot. Now | have completed the
whole cycle of chemotherapy, and more and
more memory impairment has appeared

| believe that a lot of physical examinations, such
as CT at the time of diagnosis, the use of
analgesics, and the surgery procedure are all
related to my cognitive problems

Maybe due to my age, my memory is worse and
I'’ve started forgetting things quickly
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Psychosocial issues 3(15.0) Having to deal with too many sources of stress,
such as the financial issues related to medical

treatment
Relating to immune 2(10.0)  After | developed this disease and had a series of
function cancer treatments, my immune function was
destroyed, so my memory problems are partly
due to this
Coping strategies
By writing memos 15 (75.0)  Writing down important things, use of diaries or
phone reminders to organize daily tasks
Self-adjustment and 14 (70.0) Asking myself to focus on one task at a time.
relaxation techniques When disturbed by other things or people, I'll
adjust myself and refocus on what | was doing. |
read, or listen to music for focus
Doing nothing 6 (30.0)  Now I can do nothing for this problem (cognitive
impairment), as this may be due to my age; with
older age, cognitive decline appears naturally.
Other patients believe these cognitive problems
are reversible and may get better gradually
Environment 2(10.0) To keep important personal belongs such as
organization keys, eyeglasses, and mobile phone in a fixed
place
TCM such as 1 (5.0) Doctors told me there were no effective drug
acupuncture therapies for this problem, so | tried acupuncture
Supportive care needs
from healthcare
providers
Providing information 11 (55.0)  1It’s great for doctors and nurses to tell me about
on common common signs or symptoms of cognitive
symptoms of cognitive impairment, and to provide intervention
impairment and therapies to treat these problems
effective therapies
Providing counselling 8 (40.0) 1t’s hard for me to remember so much
services to family information. Healthcare providers should
members provide educational information and more
counselling services to my family members
Need information 7 (35.0) After hospital discharge, where should | seek
about possible further rehabilitation service for cognitive
rehabilitation service problems? Or can | gradually recover from these
problems?
Participating in peer 2(10.0) At the time of diagnosis and during cancer
support networks treatment, | was so worried. | need to connect
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with women who have gone through a similar
experience, in order to share coping strategies

Impacts on

Daily life 20 (100) Sometimes, when people speak with me, |
immediately forget what they were saying, or

when I'm doing things and people interrupt me,

I’ll forget what I wanted to do

Quality of life 9 (45.0) This disease and its treatment have severely
impacted all aspects of my life, and have left me

feeling overwhelmed. Now | have a poor

memory, slowed thinking process, and a large

financial burden as a result of the medical costs,

causing tension in my family relationship

Psychological health 5(25.0) Sometimes my brain becomes a blank, and it
seems my memory is not coming back, so | feel
really scared

Work capability 3(15.0) I have to quit my job, due to my body image now.
During and after chemotherapy I lost a lot of

hair, and I can’t work for very long, | can only

work for a short period of time, then | have to

rest

Physical health 2(10.0)  Cognitive function changes were not obvious, but
conditions my health condition was a lot worse; before the
cancer diagnosis, my health was OK. But now

my sleep is not good, my immune system is much

weaker, and due to the loss of physical energy |

can’t work too long and need to take a break

after working for just a short time

Abbreviation: TCM, traditional Chinese medicine

The participants identified several factors they believed were contributing to their cognitive
complaints, including chemotherapy (n=15, 75.0%), side effects of cancer and other
treatment, such as surgery or radiation therapy (n=12, 60.0%), and aging (n=8, 40.0%).
These cognitive complaints had negative impacts on daily life, sleep and rest (n=20, 100%).
Two participants indicated their cognitive function had seen negligible change, but their

physical health had deteriorated significantly after the diagnosis of cervical cancer. While
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10 women were on medical leave at the time of data collection, two women indicated they
were planning to leave their jobs due to loss of concentration and slowed information

processing capacity.

As shown in Table 4.2, the most commonly used coping strategies were memo writing (n=15,
75.0%), and self-adjustment (n=14, 70.0%). Other coping strategies included “doing nothing”
and organization of their environment. In addition, one woman sought out acupuncture as
an alternative therapy, after her physician told her there was no effective medication for
cognitive impairment thus far. Chinese cervical cancer survivors describe a variety of
supportive care requirements, such as patient and family education on the common signs
and symptoms of cognitive impairment, along with effective treatment therapies (n=11,
55.0%), counselling for family members (n=8, 40.0%), and information on further
rehabilitation services (n=7, 35.0%). Two women expressed the need for peer support, and
suggested that healthcare providers could organize a peer support group for patients starting
from the diagnosis stage onward. Several patients indicated that their healthcare providers
had never mentioned the potential for cognitive impairment, and only addressed this when

patients asked about cognitive problems that appeared during cancer treatment.

Based on the conceptual model of chemotherapy-related changes in cognitive function
proposed by Myers (2009), and in combination with a synthesis of these qualitative findings,
a new cognition model among cervical cancer survivors is illustrated in Figure 4.1.
Cognitive complaints are multifactorial in nature, with contributing factors that include
demographic characteristics, biological factors, psychological distress, disease stages and

cancer therapies.
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Contributing factors Mediating factors Consequences

[ Demographic factors }
(e.8. age)
Coping strategies
(active coping-self-adjustment
Cancer disease passive coping-doing nothing)
(e.g. disease stage) —
complains
Cancer treatment
(e.g. chemotherapy)
Supportive care needs
Ps*ychosocml 155U6s (Physcaland psycholoical neds,
(e.g. life stress) information_ seeking ,
counseling and rehabilitation needs)

{ Biological factors
(

e.g. immune changes)

Figure 4.1 A preliminary cognitive impairment model among gynecological cancer
patients
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4.2 Results of Study Stage 2

Research participant characteristics

Of 37 eligible patients, a total of 20 patients agreed to join this study and completed the
baseline rs-fMRI and neurocognitive assessment. Four patients refused to attend the MRI
scans and neurocognitive assessment post-chemotherapy. There were 20 healthy control
subjects who were matched in terms of age, marital and menopausal status. The
demographic and clinical characteristics of the research participants are summarized in
Table 4.3.

Table 4.3 Demographic and clinical characteristics of subjects at study Stage 2

Variables Mean (SD) / n (%)
Cancer patients Healthy controls
(n=20) (n=20)
Age (years) Mean (SD) 47.15 (9.80) (28-60)  48.60 (6.80) (29-59)
Highest education
Primary school or below 14 (70.0) 19 (95.0)
High school 4 (20.0) 1 (5.0)
University and above 2 (10.0)

Employment status
Employed 1(5.0) 20 (100)
Unemployed 19 (95.0)

Marital status

Never married 2 (10.0) 1 (5.0)
Married 18 (90.0) 18 (90.0)
Divorced 0 (0.0) 1 (5.0)

Menopausal status
Pre-menopausal 11 (55.0) 12 (60.0)

Peri-menopausal 8 (40.0) 7 (35.0)
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Post-menopausal 1 (5.0) 1 (5.0)

Cancer type
Cervical cancer 8 (40.0)
Ovarian cancer 5 (25.0)
Uterine cancer 7 (35.0)

Disease stage

Stage I-11a 7 (35.0)

Stage IIb-11la 8 (40.0)

Stage I1Ib 5 (25.0)
Treatment type

Surgery + Chemotherapy* 14 (70.0)

Surgery + Chemotherapy* + Radiation 6 (30.0)

*Chemotherapy regimens including Paclitaxel (TAXOL) with Carboplatin (CBP) or
Cisplatin (DDP) or with both; CBP with Doxorubicin (ADM) or TAXOL with ADM,;
Bleomycin with Methotrexate (MTX) or MTX with DDP. All patients undertook a total of
4 cycles of chemotherapy.

Neurocognitive function of cancer patients compared to healthy controls
As illustrated in Table 4.4, with the exception of psychomotor speed, there was no
significant difference pre-chemotherapy in the neurocognitive test mean scores between

patients and healthy controls (Ps > 0.05).
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Table 4.4 Mean scores of neurocognitive tests at pre-chemotherapy

Variables Mean (SD)
Cancer patients Healthy controls
(n=20) (n=20)
Attention and working memory
Digit span forward 6.75 (2.53) 7.30 (1.92) 0.44
Digit span backward 245 (1.43) 3.15 (2.30) 0.25
Verbal memory
AVLT immediate recall 5.32 (1.72) 4.63 (1.41) 0.43
AVLT delayed recall 4.95 (2.58) 4.45 (2.32) 0.52
AVLT recognition 10.35 (1.72) 10.40 (1.46) 0.92
Psychomotor speed
TMT-A 57.65 (21.65) 44,95 (16.01) 0.04
Executive function
TMT-B 71.05 (26.94) 57.80 (21.30) 0.09
Language
COWA 33.65 (8.89) 3155 (6.48) 0.31

Abbreviation: AVLT, Auditory Verbal Learning Test; COWA, Controlled Oral Word

Association Test; TMT, Trail Making Test.

As shown in Table 4.5, there were significant differences in neurocognitive test scores

(including Digit Span tests, immediate and delayed recall of AVLT, and TMT-A) (all Ps <

0.05). Comparing the neurocognitive functions with healthy controls, patients at post-

chemotherapy showed significantly deteriorated cognitive function in verbal and working

memory (P < 0.05).
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Table 4.5 Mean scores of neurocognitive tests at post-chemotherapy

Variables Mean (SD) P
Cancer patients Healthy controls
(n=16) (n=16)
Attention and working memory
Digit span forward 6.75 (2.55) 7.53 (2.03) 0.02
Digit span backward 2.40 (1.69) 4.26 (2.23) <0.01

Verbal memory

AVLT immediate recall 5.10 (1.88) 9.15 (3.71) <0.01
AVLT delayed recall 5.01 (2.92) 7.35 (2.34) 0.01
AVLT recognition 9.55 (3.21) 10.40 (1.75) 0.31

Psychomotor speed
TMT-A 54.20 (19.02) 38.83 (25.53) 0.04

Executive function

TMT-B 73.35 (29.40) 56.72 (33.95) 0.11
Language
COWA 15.55 (5.96) 25.65 (22.18) 0.36

Abbreviation: AVLT, Auditory Verbal Learning Test; COWA, Controlled Oral Word
Association Test; TMT, Trail Making Test.

Subjective cognitive functioning and psychological outcome measures

According to Vardy et al. (2006, 2017), subjects were categorized as having subjective
cognitive deficits with a FACT-Cog score of 85 or less. Of 20 cancer patients, seven reported
subjective cognitive deficits, pre-chemotherapy. There were significant differences in the
total FACT-Cog scores and the subscales of perceived cognitive impairment and perceived

cognitive ability between patients and healthy controls (Ps < 0.001) (Table 4.6).
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Table 4.6 Mean scores of subjective cognitive measures at pre-chemotherapy

Measures Mean (SD) P
Patient group Healthy controls
(n=20) (n=20)
FACT-Cog 91.09 (17.43) 101.12 (19.24) <0.01
Perceived cognitive impairment 54.21 (10.09) 64.13 (11.08) <0.01
Comments from others 14.21 (2.43) 14.78 (3.31) 0.76
Perceived cognitive ability 16.11 (5.89) 20.21 (9.13) <0.01
Impact on QOL 10.34 (4.75) 11.21 (3.13) 0.53

Abbreviation: FACT-Cog, Functional Assessment of Cancer Therapy-Cognition; QOL,
Quality of Life.

At post-chemotherapy, 11 out of 20 patients (55%) had total FACT-Cog scores of 85 or less.
With the exception of the subscale scores of comments from others, there were statistically
significant differences in the subscales of perceived neurocognitive function deficits,

perceived cognitive ability and impact on QOL (all P values < 0.01) (Table 4.7).
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Table 4.7 Mean scores of subjective cognitive measures at post-chemotherapy

Measures Mean (SD) P
Patient group Healthy controls
(n=20) (n=20)
FACT-Cog 81.60 (11.21) 107.51 (17.43) <0.01
Perceived cognitive impairment 46.09 (9.74) 61.45 (14.21) <0.01
Comments from others 11.79 (3.18) 14.01 (4.22) 0.08
Perceived cognitive ability 12.73 (6.74) 19.79 (10.24) <0.01
Impact on QOL 7.89 (3.98) 11.42 (4.47) <0.01

Abbreviation: FACT-Cog, Functional Assessment of Cancer Therapy-Cognition; QOL,
Quality of Life.

While there were no statistically significant differences between patients and healthy
controls in terms of anxiety, depression, and fatigue levels at pre-chemotherapy, there were
greater anxiety and fatigue levels in the patient group (P = 0.01, and P < 0.01, respectively)

at post-chemotherapy (Table 4.8).

Table 4.8 Mean scores of psychological measures in each group at post-chemotherapy

Measures Mean (SD) P
Patient group Healthy controls
(n=20) (n=20)
HADS
Anxiety 6.21 (4.34) 4.15 (3.67) 0.01
Depression 5.47 (4.13) 3.97 (3.18) 0.05
BFI-total 34.33 (22.26) 19.08 (17.41) <0.01

Abbreviation: BFI, Brief Fatigue Inventory; HADS, Hospital Anxiety and Depression Scale.
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Correlations of subjective cognitive deficits with psychological measures

While there were no statistically significant correlations between FACT-Cog total scores
with BFI-total score (P> 0.05), there were significant correlations between FACT-Cog
scores with mean scores of anxiety and depression (P < 0.01, and P = 0.02, respectively)

(Table 4.9).

Table 4.9 Correlations of FACT-Cog total score with psychological outcome measures

in the patient group at post-chemotherapy

Pearson correlation FACT- HADS- HADS- BFI-
coefficients & P values total Anxiety Depression total
FACT-Cog total 1
HADS-Anxiety -0.51 1
<0.01

HADS-Depression -0.43 0.70 1

0.02 <0.01
BFI-total -0.22 0.28 0.19 1

0.25 0.12 0.31

Abbreviation: BFI, Brief Fatigue Inventory; FACT-Cog, Functional Assessment of Cancer
Therapy-Cognition; HADS, Hospial Anxiety and Depression Scale.
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Correlations of functional brain networks with subjective cognitive deficits

Lower small-worldness index was associated with more subjective cognitive deficits (r =
0.48, P = 0.02). For the local topological properties, there were no statistically significant
differences including nodal efficiency, nodal clustering coefficient, and global efficiency
(all P values > 0.05). Shorter characteristic path length, which indicates more efficient
network organization, was significantly associated with fewer subjective cognitive deficits

(r=-0.37, P = 0.04).

Brain functional global metrics and associations with neurocognitive outcomes

All participants in the patient group and healthy controls demonstrated a small-world
organization as indicated by small-worldness greater than 1. There were significant
differences in small-worldness pre- and post-chemotherapy between patients and healthy
controls (P= 0.04, and P= 0.02, respectively) (Table 4.10). There were significantly
increasing of characteristic path length at T2 between patients and healthy controls (P=0.01).
Results from the longitudinal graph analysis revealed a reducing trend of local and global

efficiency in the patient group (Table 4.10).
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Table 4.10 Changes in brain global network measures between pre- and post-

chemotherapy

Pre-chemotherapy P Post-chemotherapy P
Patients Healthy Patients Healthy
(n=20) Controls (n=16) Controls
(n=20) (n=16)
Small-worldness  1.63 (0.4 1.89 (0.66) 0.04 155 (0.3 1.84 (0.51) 0.02
6) 4)
Characteristic 098 (0.3 112 (0.19) 0.28 132 (0.4 0.96 (0.15) 0.01
path length 7) 2)
Local efficiency  0.34 (0.0 0.22 (0.09) 0.26 0.59 (0.3 0.27 (0.05) <0.0
3) 8) 1
Global efficiency 0.21 (0.0 0.24 (0.01) 0.64 0.17 (0.0 0.25 (0.01) 0.45
5) 3)

Lower raw TMT-A scores were significantly associated with lower local efficiency (r =0.37,

P =0.03), and lower verbal memory scores were statistically significant and associated with

lower global efficiency (r = 0.54, P = 0.02) in the patient group, but not in the healthy control

group.

Characteristics of hub brain regions relating to neurocognitive function deficits

Brain regions of research participants were evaluated for network hub status based on nodal

degree values exceeding 1.5 SD above the mean network (Cao et al. 2017). Hub

characteristics of brain regions are shown in Figures 4.2 and 4.3. As seen in Figure 4.2,

functional hub brain regions for cancer patients are mainly located in temporal regions, while

parietal regions are the functional hubs in healthy controls.
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Figure 4.2 Hub brain regions (in red) of patients (left figure) versus healthy controls

(right figure)

L, left; R, right.

AMYG, Amygdala; DCG, median cingulate and paracingulate gyri; HIP, Hippocampus;
INS, insula; ITG, inferior temporal gyrus; MFG, middle frontal gyrus ; MTG, middle
temporal gyrus; PreCG, precental gyrus; PCUN, precuncus; PHG, parahippocampal; ROL,
rolandic operculum; SFGmed, superior frontal medial gyrus; SMA, supplementary motor

area; STG, superior temporal gyrus; THA, thalamus.
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Within the patient group, left hippocampus, left parahippocampal gyrus, left and right insula;
middle temporal gyrus, and superior temporal gyrus are functional hubs for patients with

neurocognitive function deficits (Figure 4.3).
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Figure 4.3 Hub brain regions of patients with neurocognitive function deficits (left

figure) versus patients without neurocognitive function deficits (right figure)

L, left; R, right.

AMYG, Amygdala; HIP, Hippocampus; INS, insula; ITG, inferior temporal gyrus; MTG,
middle temporal gyrus; PHG, parahippocampal; ROL, rolandic operculum; STG, superior

temporal gyrus; THA, thalamus.
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4.3 Results of Study Stage 3

Results

Research participant characteristics

Of the 288 participants, 158 patients with gynecological cancer had completed primary
cancer treatment, and 130 non-cancer controls were balanced in terms of age and marital
status (Table 4.11). Nearly half of patient participants (n = 81, 51.3%) were in the early
stages of cancer, more than 60 per cent of patients (n = 98, 62.0%) had a diagnosis of cervical
cancer, and more than half of patients were receiving chemotherapy or a combination of
chemotherapy and other cancer treatment. All research subjects' demographic and clinical

characteristics are shown in Table 4.11.

63



Table 4.11 Demographic and clinical characteristics of participant groups at study

Stage 3
Variables Mean (SD) / n (%) P
Patient group Healthy controls
(n=158) (n=130)
Age (years) 45.86 (10.56) 44.55(9.72)  0.157
Education levels <0.001
Primary school or below 103 (65.2) 65 (50.0)
High school 34 (21.5) 15 (11.5)
College or above 21 (13.3) 50 (38.5)
Employment status <0.001
Employed but on medical leave 32 (20.3) 100 (76.9)
Unemployed or retired 126 (79.7) 30 (23.1)
Marital status 0.895
Single 9 (5.7) 8 (6.2)
Married 142 (89.9) 117 (90.0)
Divorced 6 (3.8) 5(3.%)
Widowed 1 (0.6) 0 (0.0)
Disease stage
Stage I-Ila 81 (51.3)
Stage IIb-I1la 57 (36.1)
Stage I1Ib 20 (12.6)
Disease diagnosis
Cervical cancer 98 (62.0)
Ovarian cancer 28 (17.7)
Uterine cancer 14 (8.9)
Other (e.g. GTN) 18 (11.4)
Types of treatment
Surgery 37 (23.4)
Chemotherapy* 14 (8.9)
Surgery + chemotherapy™ 71 (44.9)
Surgery-+radiation+chemotherapy* 21 (13.3)
Radiation + chemotherapy* 15 (9.5)

Abbreviation: GTN, Gestational Trophoblastic Neoplasia. *Chemotherapy regimens
including Paclitaxel (TAXOL) with Carboplatin (CBP) or Cisplatin (DDP) or with both;
CBP with Doxorubicin (ADM) or TAXOL with ADM; Bleomycin with Methotrexate (MTX)
or MTX with DDP. All patients undertook a total of 4 cycles of chemotherapy.
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Neurocognitive function of cancer patients compared to healthy controls

From Table 4.12, mean neurocognitive test scores in the patient group were lower than in

healthy controls at T1 (pre-chemotherapy), especially in the domain of attention and

working memory scores (both P values < 0.05). Of 158 patients, 31 patients reported

neurocognitive function deficits at the time of diagnosis, according to the criteria of two or

more neurocognitive tests (AVLT, TMT, COWA and Digit Span test) had a Z-score at or

below -1.5, and/or one test had a Z-score at or below -2.0 of the healthy control group (Wefel

et al. 2011).

Table 4.12 Mean scores of neurocognitive tests at T1

Variables Mean (SD) P
Patient group  Healthy controls
(n=158) (n=130)
Attention and working memory
Digit span forward 6.76 (2.01) 7.99 (3.87) 0.03
Digit span backward 2.16 (1.24) 3.98 (1.89) 0.01
Verbal memory
AVLT immediate recall 16.65 (6.45) 17.18 (5.43) 0.19
AVLT delayed recall 5.86 (1.73) 6.13 (3.64) 0.41
AVLT recognition 10.63 (1.97) 11.08 (2.96) 0.21
Psychomotor speed
TMT-A 54.13 (26.25) 55.26 (22.65) 0.07
Executive function
TMT-B 74.29 (32.12) 74.47 (35.72) 0.83
Language
COWA 31.98 (8.11) 32.08 (8.79) 0.92

Abbreviation: AVLT, Auditory Verbal Learning Test; COWA, Controlled Oral Word

Association; TMT, Trail Making Test.
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At T2 (post-chemotherapy), there were a total of 46 patients who reported neurocognitive
function deficits. The mean scores of working verbal memory were lower than in the healthy

controls (all P values < 0.01) (Table 4.13).

Table 4.13 Mean scores of neurocognitive tests at T2

Variables Mean (SD) P
Patient group  Healthy controls
(n=31) (n=31)
Attention and working memory
Digit span forward 6.04 (2.73) 7.96 (1.99) 0.01
Digit span backward 1.96 (1.27) 3.93 (2.20) <0.01

Verbal memory

AVLT immediate recall 11.60 (4.76) 16.74 (3.65) <0.01
AVLT delayed recall 3.86 (2.38) 6.36 (2.18) <0.01
AVLT recognition 9.87 (2.61) 10.81 (0.96) 0.18

Psychomotor speed
TMT-A 54.11 (25.48) 55.10 (24.86) 0.09

Executive function

TMT-B 73.33 (36.07) 74.11 (29.55) 0.27
Language
COWA 32.06 (6.48) 32.93 (8.89) 0.13

Abbreviation: AVLT, Auditory Verbal Learning Test; COWA, Controlled Oral Word
Association; TMT, Trail Making Test.
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DTI data and correlations with the mean changes scores of neurocognitive test

performance

Differences between the groups in terms of DTI parameters are shown in Table 4.14. Within
the left hippocampus, FA values decreased in the patient group (P=0.02) from T1 (pre-
chemotherapy) to T2 (post-chemotherapy). MD values increased in the patient group

(P=0.03) from T1 (pre-chemotherapy) to T2 (post-chemotherapy).

Table 4.14 Changes in DTI parameters for white matter in left hippocampus between
T1 and T2

DTI parameters Patient group P Age-matched healthy P
(n=31) controls (n=31)
T1 T2 T1 T2
FA 0.474 (0. 0419 (0. 0.02 0579 (0. 0572 (0. 0.72
018) 016) 021) 022)

MD (um/s®) 0421 (0. 0.473 (0. 003 0770 (0. 0.773 (0. 0.1
021) 017) 019) 022)

AD (um/s>) 0716 (0. 0736 (0. 013 0771 (0. 0.767 (0. 0.86
031) 017) 018) 022)

RD (um/s?) 0269 (0. 0.281 (0. 021 0259 (0. 0.257 (0. 0.92
035) 042) 021) 022)

Abbreviation: FA, Fractional anisotropy; MD, Mean diffusivity; AD, Axial diffusivity; RD,
Radial diffusivity

For correlations of DTI parameters with cognitive test performance, FA (fractional
anisotropy) values in the intervention group had positive significant correlations with the
mean change scores of AVLT-delayed performance (r=0.52, P=0.01), although other DTI
parameters of MD (mean diffusivity), AD (axial diffusivity), and RD (radial diffusivity) had
no statistically significant correlations with the mean change scores of neurocognitive test

performance.
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1H-MRS data and correlations with the mean change scores of neurocognitive test

performance

Differences between the groups in metabolite ratios relative to NAA (NAA/Cr and

NAA/Cho) were lower in the patient group than in the age-matched healthy control group

at both time assessment points: T1 (pre-chemotherapy) and T2 (post-chemotherapy). The

changes of NAA/Cr and NAA/Cho ratios were found to have significantly decreased in the

patient group (both P values <0.05) (Table 4.15).

Table 4.15 Changes of 1H-MRS of parameters in the left hippocampus between T1

and T2
MRS parameters Patient group P Age-matched healthy P
(n=31) controls (n=31)
T1 T2 T1 T2
NAA/Cr 139 (01 125 (01 003 146 (0.1 149 (0.1 0.79
1) 3) 2) 4)
NAA/Cho 134 (0.1 116 (0.1 001 147 (0.1 145 (0.0 0.83
3) 6) 2) 9)
Cho/Cr 098 (0. 094 (00 087 1.04 (0.1 107 (0.1 0.89
6) 8) 1) 6)
Cho/NAA 0.75 (00 076 (0.1 093 0.74 (0.0 0.70 (0.0 0.82
7) 3) 4) 7)

Abbreviation: NAA, N-acetylaspartate; Cr, creatine; Cho, choline.

There were significant positive correlations of NAA/Cr with the mean changes of total digit

span test scores (r=0.71, P<0.01) in the patient group.
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Structural brain networks and correlations with subjective cognitive deficits

Differences between the groups in structural network metrics were lower in the patient group

than in the age-matched healthy control group at both time assessment points: T1 (pre-

chemotherapy) and T2 (post-chemotherapy) (Table 4.16).

Table 4.16 Changes of structural brain network measures in each group between T1

and T2
Structural network Patient group P Age-matched healthy P
metrics (n=31) controls (n=31)
T1 T2 T1 T2
Graph metrics
Small-worldness 1.298 1.103 0.02 1.341 1.339 0.87
(0.027) (0.034) (0.012) (0.014)
Global efficiency 0.135 0.126 0.04 0.139 0.134 0.92
(0.009) (0.012) (0.011) (0.009)
Local efficiency 0.187 0.178 0.57 0.201 0.207 0.94
(0.007) (0.006) (0.009) (0.004)
Clustering coefficient 1.674 1.312 0.01 1.765 1.793 0.89
(0.201) (0.398) (0.201) (0.019)
Characteristic path 1.489 1.427 0.27 1.326 1.367 0.65
length (0.063) (0.152) (0.013) (0.103)
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4.4 Summary

This chapter reported study findings of all study stages. Study Stage 1 added new insight
into the growing body of research on cognitive complaints among Chinese gynecological
cancer survivors. Findings of this study stage revealed that the prevalence of cognitive
complaints among Chinese cancer survivors was high, with the most common complaints
being loss of concentration and memory problems, which severely impacted daily living,
quality of life, physical and psychological health, and work capabilities. It is necessary to
raise healthcare providers’ awareness in order to address women’s cancer-related cognitive
problems in practice. Study Stage 2 reported the first longitudinal evidence of functional
brain network alteration and neurocognitive changes in Chinese gynecological cancer
patients. It found that the risk of brain function and neurocognitive changes following
chemotherapy can potentially guide patients in making appropriate decision-making on
treatment, and help health care professionals prioritize patients for early intervention. Study
Stage 3 indicated that patients with neurocognitive function deficits reported poorer
neurocognitive performance than age-matched healthy controls. By using a multimodal MRI
approach, gynecological cancer patients reported the lowest FA values, NAA/Cr, NAA/Cho
and structural network metrics at the end of chemotherapy. Hence, this study stage also
provided novel insights into the neurobiological basis of neurocognitive function deficits in

the human brain that have been induced by cancer and/or its treatment.
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5.1 Discussion

Study Stage 1: This is one of the first published studies exploring cognitive complaints
among Chinese cervical cancer survivors, although there is accumulating evidence
documenting cognitive impairment issues among cancer survivors, mainly dominated by
breast cancer survivors (Von Ah 2015). The prevalence of cognitive complaints among
Chinese cervical cancer survivors was 64.5%, which is consistent with previous research
(Wefel et al. 2015). As this study was preliminary and adopted a small and non-random
sample, epidemiological studies are needed to further quantify the prevalence, impact and

extent of cognitive complaints in this study population (Cheung et al. 2012).

Concurring with previous research evidence, chemotherapy and the side effects of cancer
are the most common factors associated with cognitive complaints (Craig et al. 2014;
Janelsins et al. 2014). This study identified that cervical cancer survivors perceive aging as
a likely contributing factor to cognitive impairment. Study participants considered “aging as
a normal process of cognitive decline,” and viewed cognitive impairment as a process that
could not be changed. Consistent with previous studies (Hart et al. 2003; Myers 2009), study
participants also reported that worry, fatigue and pain all seem to be related to cognitive

impairment.

The patient experience of cancer-related cognitive impairment may be the commonality of
the phenomenon across tumor types (Myers 2013), as this study did not find unique
cognitive deficits in women with cervical cancer. However, this study did identify unique
cultural issues for Chinese women seeking coping strategies for cognitive impairment. Some
women did nothing to try to cope with their cognitive complaints. ‘Doing nothing’ as a
common coping strategy for cognitive complaints could be related to the Chinese Taoist

philosophy: “Accepting the fact that a situation cannot be changed, and telling oneself that
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one should do little, as things will be all right at the end of the day” (Zeng 2008). Hence, a
coping strategy of doing nothing and self-adjustment could help these survivors maintain a

sense of calm when facing difficulties that cannot be changed.

As in previous studies (Craig et al. 2014; Janelsins et al. 2014; Wefel et al. 2015), this study’s
findings also revealed that cognitive complaints had a variety of consequences that impacted
on daily living, quality of life, physical and psychological health, and work capabilities.
While research into the relationship between cognitive functioning and work ability is still
in its infancy (Munir et al. 2011), returning to work is a critical milestone for many survivors,
since work plays a key role in psychological, economic, and social well-being (Becker et al.
2015). If cancer survivors were able to obtain individualized support and work-related
adjustments from their employer, they would be more likely to continue working (Cheung
et al. 2012). Hence, cognitive complaints in cancer survivors generate numerous supportive

care requirements, not only in the workplace, but also from healthcare providers.

In order to manage cognitive problems, common supportive care needs that patients require
from healthcare providers include the provision of information on the common signs of
cognitive impairment, as well as management strategies, effective treatment therapies and
possible rehabilitation services. Although many healthcare providers may gloss over the
issue of patient cognitive complaints, believing they have no curative treatment to offer
(Duijts et al. 2014), findings from a meta-analysis indicate that neuropsychological
interventions (cognitive rehabilitation, cognitive training and neuromodulation strategies)
can improve cognitive function in cancer survivors (Zeng et al. 2016a). In particular, a recent
Cochrane review indicates that cognitive training may be effective at improving patients'
cognitive function, as well as their quality of life (Treanor et al. 2016). Additionally,

behavioral intervention strategies (increasing physical activity levels and fostering

73



supportive social relationships) could be helpful in improving cognitive function in cancer

survivors (Henneghan 2016).

Through a synthesis of these study findings, a preliminary cognition model for cervical
cancer survivors after cancer treatment was established, to provide a theoretical
underpinning for the perception of cognitive complaints, contributing factors, mediating
factors, and the consequences of cognitive impairment in this study population. This model
may be able to inform and stimulate further intervention studies. Certainly, this preliminary
cognition model may be continuously refined through further empirical research
investigations. Overall, this model illustrates coping strategies at a personal level, through
self-adjustment or by doing nothing. Additionally, supportive care services, such as
education and counselling for family members, could mitigate the consequences of cognitive
impairment. In addition, participants felt a great need for support, including peer support,
from diagnosis onwards, as well as for information on available rehabilitation services and
counselling, in order to modulate the degree of cognitive complaints. For gynecological
cancer survivors, cognitive complaints cause negative effects in terms of daily living, QOL,

work capability, and physical and psychological health.

Study Stage 2: This is the first study to include a healthy control group with similar
demographic characteristics, and a longitudinal design with repeated rs-fMRI assessment
with the application of a longitudinal graph theoretical approach to analyze functional brain
networks in Chinese gynecological cancer patients. This study found that after
chemotherapy treatment, gynecological cancer patients had lower neurocognitive test
performance and changes in functional network measures compared to age-matched healthy

controls, which was in line with previous research on cancer patients after chemotherapy
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(Cheng et al. 2017). In specific, disrupted small-world properties were found in
gynecological cancer patients. Functional networks with prominent small-world properties
ensure higher information-processing efficiency for both locally specialized and globally
integrated processing (Bullmore and Sporns 2009). Decreased small-worldness index
among cancer patients may result in lower information processing speed, which was
supported by the significant associations of lower local network efficiency with lower raw
TMT-A scores.

While the findings of this study indicated that the functional brain networks of both cancer
patients and healthy controls show common small-world properties (both groups' index
values >1), the local efficiencies were significantly higher in cancer patients post-
chemotherapy than in the healthy controls. As local efficiency is a measure of average local
subgraphs in a network, increasing local efficiency in cancer patients may result in disrupted
information processing among distant brain regions (Latora and Marchiori 2001), and lower
network attack tolerance was associated with greater neurocognitive dysfunction in cancer
patients (Kesler et al. 2017a). In addition, this study found significantly decreased global
efficiency, and significantly positive correlations between decreased global efficiency and
lower verbal memory scores in the patient group only. Study findings were consistent with
previous research, which reported reduced functional brain network efficiency in response
to a simulated neurodegeneration in breast cancer survivors receiving chemotherapy,

compared with healthy controls (Kesler et al. 2017b).

This study found that functional hubs were mostly located in the temporal regions for
patients, and in the frontal and parietal regions for healthy controls, reflecting the main
functions associated with these brain regions (Bullmore and Sporns 2009). These study
findings discriminated between the functional hub networks of patients and those of healthy

controls, and also identified functional hubs for patients with neurocognitive function
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deficits as well as for patients without neurocognitive function deficits. Functional hubs for
patients with neurocognitive function deficits include the left and right insula, middle
temporal gyrus, and superior temporal gyrus, left hippocampus and parahippocampal gyrus,
which are essential for network resilience and regulation information flow (Vertes and
Bullmore 2015), as functional hubs play key roles in forming bridges between different
networks (van den Heuvel and Sporns 2013). Brain regions with a high node degree were
identified as hubs, which would be the most vulnerable areas in local functional networks
(Kesler et al. 2017b). Taken together, these findings suggest that all of these hub brain
regions are key regions implicated in the pathophysiology of neurocognitive function
deficits; the connectome properties of these regions may to some extent predict
neurocognitive functioning (Kesler et al. 2017b). Therefore, this study's findings provide
new insights into the mechanism of neurocognitive function deficits in cancer patients.
Evaluating the relative importance of brain neuroimaging features and their association with
neurocognitive function was essential in understanding specific brain functional network
patterns involved in neurocognitive function deficits (Kesler et al. 2017b). Rs-fMRI may be
a particularly promising tool in identifying cancer patients at risk of long-term cancer-related
brain injury (Kesler et al. 2017a; 2017b). In addition, connectome metrics derived from rs-
fMRI show good test-retest reliability (Termenon et al. 2016). Furthermore, the rs-fMRI
acquisition required approximately eight minutes, making this scan a practical possibility in
busy clinical settings. Thus, utilizing rs-fMRI could be a promising tool to better understand
the longitudinal changes of treatment-related neurocognitive outcomes and functional
network connectome properties.

Compared with healthy controls, patients reported a higher prevalence of subjective
cognitive impairment in this study. This study finding suggests that neurocognitive function

deficits could possibly be associated with chemotherapy rather than depressive symptoms.
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Previous research found that Chinese female cancer survivors reported higher levels of
anxiety and depression, resulting in lower levels of work productivity (Zeng et al. 2016b).
While there is a growing concern regarding possible neurocognitive function deficits
following primary cancer treatment (Van Londen et al. 2014), appropriately assessing
cognitive impairment in cancer survivors is an important aspect of neurocognitive function
deficits (Van Dyk and Ganz 2017). Neurocognitive function deficits are usually subtle, and
standard definitions of impairment on neuropsychological assessments may not formally
identify these mild, but nonetheless functionally disruptive changes (Ganz et al. 2013). In
contrast, self-report methods may be more sensitive to identify subtle changes, "because
self-report measures tap a patient’s self-knowledge of their previous ability, whereas
neurocognitive testing usually approximates premorbid functioning by using test-based
norms (Van Dyk and Ganz 2017). In particular, self-reported cognitive measures also require
substantially fewer resources than do formal neurocognitive tests, due to the lack of practice
effects and clinical adaptability (Janelsins et al. 2017; Van Dyk and Ganz 2017). While self-
reported cognitive measures have several important strengths in research settings, future
studies should utilize both subjective and objective neuropsychological assessments to
quantify the prevalence, severity, and impact of CRCI in the Chinese gynecological cancer

population, as few studies have been conducted to date on Chinese cancer survivors.

This study found that patients after chemotherapy reported the lowest level of small-
worldness index and global and local network efficiency, compared with age-matched non-
cancer controls. Research evidence shows that disrupted functional networks have been
demonstrated to have detrimental effects on cognitive functioning (Bruno et al. 2012; Cheng
et al. 2017; Kesler et al. 2015; 2016). Global and local network efficiency has been
demonstrated to be important for cognitive functioning, as global efficiency plays a key role

in how information may be efficiently exchanged across the entire brain network (Tuladhar
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et al. 2016). In contract, local network efficiency measures the average of local subgraphs
in a network and indicates how tolerant a network is to local failures (Latora and Marchiori
2001). Regarding the associations between functional network properties and subjective
cognitive function deficits, this study found that higher values of small-worldness index and
shorter characteristic path length were related to higher FACT-Cog total scores (i.e. better
cognitive functioning). Study findings reveal that primary cancer treatment can result in a
more random organization of brain network changes, which contributed to reducing
functional brain specificity and segregation, with implications for cognitive functioning

(Bruno et al. 2012; Cheng et al. 2017).

Study Stage 3: The final study stage aimed to examine the effects of chemotherapy on
neurocognitive functioning, white matter integrity and neurochemical properties in the left
hippocampus of gynecological cancer patients, and to explore the neurobiological
mechanism of cognitive impairment in cancer patients on a microscopic level by using DTI
and MRS. Based on the mean score of the neurocognitive tests, the working memory and
immediate verbal memory scores in the patient group were statistically significantly lower
than in the age-matched patient controls. When investigating the microstructural white
matter in the brain, DTI data in this study indicated that the global and local connectome
properties in the patient group with cognitive impairment were lower than in the patient
control group at baseline. "Group differences in nodal degree and global network efficiency
of the brain can help find specific neural circuits and may be at high risk for loss of response

plasticity (p.333 )" (Bruno et al. 2012).

Although one of the essential DTI parameters-FA had a statistically significant association

with delayed verbal memory score, this study did not find any significant correlation
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between global and local connectome properties, and neurocognitive test scores. Consistent
with previous research, Bruno et al. also found that breast cancer patients displayed
alterations in global and regional network characteristics, but these network alterations had
no significant correlation with cognitive performance (Bruno et al. 2012). However, a cross-
sectional study found that breast cancer survivors had reduced brain structural network
efficiency, which was associated with a simulated neurodegeneration in these patients
compared with healthy controls (Kesler et al. 2015). Another cross-sectional study also
indicated that poorer network organization was found to be associated with greater cognitive
impairment (Kesler et al. 2016). Furthermore, recent longitudinal research reported that
decreased small-worldness and local efficiency was related to poorer overall cognitive
performance across time in a group of male cancer patients (Amidi et al. 2017). This study
failed to find either small-worldness or nodal degree associated with neurocognitive test
scores, which may be due to the small sample size, as supporting the optimal level of
cognitive processes depends on an effective network organization and integration across

brain regions (Sporns 2011).

By using multimodal neuroimaging of MRS, this study investigated absolute and relative
concentrations of NAA, Cr, and Cho in the left hippocampus. Although the absence of
absolute of NAA, Cr and Cho abnormalities in the patient group may be due to the mild
degree of cognitive impairment in these patients before chemotherapy, the findings of the
present study indicated a statistically significant reduction of NAAJ/Cr in the left
hippocampus. As NAA is localized almost exclusively in neurons, the reduction in relative
NAA in the left hippocampus suggests that axonal degeneration contributed to the observed
diffusion abnormalities (de Ruiter et al. 2012). In addition, this study found that the

reduction of NAA/Cr was associated with lower mean digit span score (lower working
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memory functioning). Previous research also found that neurochemical properties were
associated with neurocognitive deficits (de Ruiter et al. 2012). Perhaps abnormalities in both
the metabolic-level and network-level changes in the brain may appear before the alterations
in clinical performance of a neurocognitive test (Mayeux 2010). Thus, detecting alterations
in structural brain networks and brain metabolic properties might provide the possible
neurobiological basis of neurocognitive function deficits in gynecological cancer patients,

which could be used for the relevant development of prevention strategies.

This is the first multimodal MRI study to explore the underlying mechanism of
neurocognitive function deficits in Chinese gynecological cancer patients, which may be
related to white matter injury in the left hippocampus. Patients at both time assessment
points had impairment of white matter integrity (reduced FA values and increased MD
values), and DTI parameter changes in the patient group were higher than in the healthy
control group. Previous research has indicated that changes in FA and MD values could be
due to demyelination (de Ruiter et al. 2012). Preclinical research evidence specifically
indicates that the possible mechanism of decreased white matter integrity may be attributed
to incoherence of myelin basic protein fiber (Zhou et al. 2016). Thus, the findings of this
multimodal MRI study suggest that chemotherapy may aggravate cognitive impairment by

decreasing myelination.

Additional negative effects of chemotherapy on CRCI included a reduction in relative
concentrations of NAA for patients from pre-chemotherapy to post-chemotherapy in the
patient group. Previous research also indicated that the ratio of NAA/Cr was obtained by
measuring the level of NAA and Cr to evaluate neuronal activity in the hippocampus (Tang

et al. 2012). A review suggested that lower levels of NAA may reflect inefficient neuronal
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viability (Yoon et al. 2013). Therefore, on a microstructural level, chemotherapy
exacerbating neurocognitive function deficits may be attributed to its decreasing
myelination and reducing neuronal viability of white matter in the hippocampus. Monitoring
structural alterations of white matter connections and concentrations of NAA could be
potential underlying neurobiological mechanisms of neurocognitive function deficits in

patients with gynecological cancer.

5.2 Study Limitations

This first study stage has two limitations. First, this preliminary study only recruited
participants at a single medical center, and the sample size could not be representative of
this population in general. This study primarily offers significant insights into perceived
cognitive complaints, contributing factors and consequences of neurocognitive function
deficits in gynecological cancer survivors. Second, this study utilized a cross-sectional
design and included participants who had completed primary cancer treatment within a short

period of time.

The main limitation of this study Stage 2 is the small sample size, which may have reduced
its power to detect functional differences between patients and healthy controls. This study
found limited group differences achieving statistically significant differences in
neurocognitive test performance, which may be partially due to limited power. Hence, in
future research, there is a need to recruit larger sample sizes and use longer-term follow-up
to replicate these results, and to investigate the potential reversibility of chemotherapy-
induced neurocognitive function changes (Amidi et al. 2017). In addition, this study only
chose the AAL atlas with 90 regions (ALL-90) as a brain Parcellation scheme to calculate

functional connectome properties, while excluding other brain Parcellation schemes, such
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as Harvard-Oxford Atlas, as well as randomly parceling the brain into 1024 ROIls. According
to previous studies on neurocognitive function deficits in cancer patients (Amidi et al. 2017;
Kesler et al. 2017a,b), the AAL-90 Parcellation is one of the most common brain

Parcellation schemes.

The main limitation of study Stage 3 was that MRI and MRS data were only acquired in
patients with neurocognitive function deficits. In addition, the intrinsic clinical differences
between cancer patients (e.g. types of cancer, disease stage or comorbidities) resulted in
different chemotherapy regimens assigned to each patient. Therefore, future studies using a
larger sample size and including homogeneous cancer patients, preferably with identical
chemotherapy regimens, should be conducted to replicate these study findings. DTI data
only used the deterministic tractography, future research can use the probabilistic
tractography for the precision of cross fiber tracking. MRS data only analyzed the relative
concentrations of NAA, Cr, Cho, NAA/Cr, NAA/Cho, future research should analyze the
absolute concentrations. The neuroimaging mechanism of white matter injury as proposed
underlying mechanism of neurocognitive function deficits, the biological mechanism of
neurocognitive function deficits cannot be directly translated from brain imaging measures.
Hence, future animal studies can help define potential biological mechanism of

neurocognitive function deficits.

5.3 Summary

This chapter provides a discussion of study findings and the limitations of these study stages.
The study implications of these study findings and conclusion of this study will be presented

in the next chapter.
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CHAPTER 6

Study Implications and Conclusion
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6.1 Neurocognitive Function in Gynecological Cancer Patients

Clinical staff should recognize that non-central nervous system (CNS) cancer, including
gynecological cancer may also be involved in cognitive impairment that patients find
distressing (Joly et al. 2015). In this study, gynecological cancer patients reported high levels
(35%) of neurocognitive function deficits prior to cancer treatment, and the rate of cognitive
impairment at post-chemotherapy was as high as 64.5% (Zeng et al. 2017). As this PhD
study only assessed gynecological cancer patients' neurocognitive functioning immediately
after chemotherapy, future research should evaluate patients' neurocognitive functioning at
least one year after chemotherapy or longer, to provide insights into the changes occurring
in neurocognitive functioning in this study population. In addition, estimates of the
prevalence of neurocognitive functioning deficits are largely variable, due to the diagnosis
of neurocognitive function deficits, either based on subjective cognitive scales such as
FACT-Cog, or on objective neurocognitive test performance, such as the core set of tests
recommended by the ICCTF (Wefel et al. 2011). Future CRCI research should consider the
new diagnosis criteria of "mild neurocognitive disorder” by DSM-V (American Psychiatric
Association 2013), since the impairment of neurocognitive functioning in cancer patients is
subtle per se (Vannorsdall 2017). Hence, the term "mild neurocognitive disorder" may be

applied to cancer patients.

6.2 Possible Neurobiological Mechanism of Neurocognitive Function Deficits

By a synthesis of findings of the prospective cohort in the Chapters 4 and 5, patients reported
aggravating neurocognitive function deficits after chemotherapy, attributed to the injury of
white matter. DTI and behavioral data have shown that FA values were significantly

correlated with the mean change in verbal memory scores. Decreased FA values indicate
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worse white matter integrity, which may result in reduced brain flexibility with less efficient
brain networks. MRS measurements of NAA/Cr and/or NAA/Cho indicated axonal
degeneration and demyelination as possible causes of white matter injury (Kaiser et al. 2014).
After chemotherapy, patients reported a significant level of reduction in the relative ratios
of NAA/Cr, which were significantly correlated with the mean change in digit span test sores.
Hence, MRS provides additional biochemical information to support the assertion that
chemotherapy may have effects in deteriorating white matter injury. Possible white matter
injury as a mechanism of neurocognitive function deficits in gynecological cancer patients

is illustrated in Figure 6.1.
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Figure 6.1 Putative mechanisms of neurocognitive function deficits in gynecological

cancer patients
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6.3 Cognitive Rehabilitation of Neurocognitive Function Deficits

Literature review of this thesis found three types of neuropsychological interventions that
were used to manage mild neurocognitive function deficits in non-CNS cancer survivors.
Cognitive training interventions demonstrated benefits in subjective and objective cognitive
function, especially in the domain of executive function. Cognitive rehabilitation
interventions produced significant effects in objective cognitive function, mainly in the
domain of memory and verbal learning. While neuromodulation strategies indicated positive
effects in the improvement of subjective and objective cognitive function, these intervention
strategies are largely anecdotal, based on theorized causes, as the causes of neurocognitive
function deficits in cancer survivors are still unknown (McHenry 2015). Because of this, it
is difficult to determine which intervention strategies are better than others for patients
experiencing neurocognitive function deficits. Thus, the key part of this PhD study is a
prospective and longitudinal study that was conducted to explore the possible mechanism
and cause of neurocognitive function deficits. Findings of this prospective cohort study
could help healthcare professionals in designing better intervention strategies to ameliorate

this distressing symptom in gynecological cancer patients.

6.4 Conclusion

In conclusion, the study demonstrated that there is a growing body of research on
neurocognitive complaints in women with gynecological cancer, in particular, Chinese
gynecological cancer patients. The qualitative study added new insight into the growing
body of research on neurocognitive complaints of Chinese gynecological cancer survivors.
Findings of this qualitative study revealed that the prevalence of neurocognitive complaints

among Chinese cancer survivors was high, and the most common complaints were loss of
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concentration and memory problems, which severely impacted daily living, quality of life,
physical and psychological health, and work capabilities. These findings improved
understanding of neurocognitive complaints, which could subsequently facilitate the
development of relevant therapeutic interventions for the prevention of neurocognitive
function deficits in this study population. It is also necessary to raise healthcare providers’
awareness of women’s cancer-related neurocognitive function deficits in practice. The
quantitative part of this study reported the first longitudinal evidence of functional brain
network alteration and neurocognitive function changes in Chinese gynecological cancer
patients. This prospective cohort study found that information on the risk of neurocognitive
function changes and brain networks following chemotherapy could potentially serve as a
guide to patients in making appropriate treatment decisions, and help healthcare
professionals prioritize patients for early intervention. By using a multimodal imaging
approach, this multimodal MRI study also provided novel insights into the neurobiological
basis of neurocognitive function deficits in the human brain that have been induced by

cancer and/or its treatment.
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Appendix 1 Research Consent Form (English Version)

Project title: Neurocognitive function deficits and the associated brain networks in
patients with gynecological cancer

Investigator(s): Dr Andy S.K. Cheng, Ms. Yingchun Zeng

Purpose of the Study: The purpose of this study was to explore the cognitive impairment
of gynecological cancer patients pre- and post-chemotherapy and to examine the possible
neural mechanisms of cognitive decline in this study population. The aims of study stage 1
were to explore Chinese gynecological cancer patients’ perceived cognitive complaints and
relevant supportive care needs after primary cancer treatment. The specific aims of study
stage 2 were to assess cancer patients' neurocognitive functioning and functional brain
networks in Chinese gynecological cancer patients pre- and post-chemotherapy. Project
Information: This study includes a 2-hour cognitive assessment and 30-minute MRI brain
scan. For the process of MRI scan, you just need to lie down in the scanner and take rest.
During the scanning process, you will hear some noise from the scanner, so that we will ask
you to wear the ear protector equipment.

Potential Risk: In the process of this study, there will be no danger on you. All information
provided will be treated as strictly confidential. Participation is on voluntary basis and you
are free to withdraw from the study at any time or any reason.

Consent

l, , have been explained the details of this study. I voluntarily
consent to participate in this study. I understand that I can withdraw from this study at any
time without giving reasons, and my withdrawal will not lead to any punishment or prejudice
against me. | am aware of any potential risk in joining this study. I also understand that my
personal information will not be disclosed to people who are not related to this study and
my name or photograph will not appear on any publications resulted from this study.

| can contact the investigator, Ms Zeng, at 27664340, or the project supervisor, Dr Cheng at
2766 5396 for any questions about this study. If | have complaints related to the
investigator(s), | can contact Mr Mok, secretary of Departmental Research Committee, at
34003937. | know I will be given a signed copy of this consent form.

Signature (Subject) , Date

Signature (Researcher) , Date
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Appendix 2 Research Consent Form (Chinese Version)

BT E . ERHMHIER A B0 2 A R Th 58 248 5 A <% M 4% BB 52

MAR:. BOF BL4E, SNE BN

BHEE B SRR TOR 2 NN BE: B AN BOUT R AR o IR B A R T
REAZ 150 LA SORH G SCRFPE RIS SR A% 0L s 28 i BOt 738 FH A I i 0P A A7 11 J5 4
FHh R R A A I T REATIG Th BE R 4% 1A AR B0, 3l 3 2 A R T e Il DP A
T N7 HT S A ED D RE AN MR 3471425 DP-Ai i D9 28 (118 AR L«

BT S 50 R B e RN, #5251 MRI KNI 4
MRI RS 2 T O e B e B T . AR, 15 TR Gk i
FFORFFER L, AR R R B R A TE. B MR AT R RREE4 30 71
e

BrEERE: BEANUE R B ARG . BOE TTREAE MRI KAl 2
i, 2T B R BE SEA G HEAT A S SR . P SR AR SURME L Y
xR . ZINEREIBSM, JFAT DRI A LI IMEME T NS5
BRI ST

FES

ZUN O 7 AR 7T B B A F T DAZEAT AT . oA R RS 5 5
bR, AN 2 3 IR BT AT R ST BN A R e AT 2 kA 7t
DR RV E L A AN AR, TIA N I BERAS 2l 88 45 5 I OB RN 01, FRIMA 7
B A IRAEAT AT AR b o AR NG B I A A AT i) R T B 26 LG A T iR
AT NG 2t (27664340) KA SIS £ (27665396) o 54 AXTRHIFA 5t
BAEHER, TRAHRER A (BT A +E) , Rl 34003937. A ANJREHA
SRR F R B E A

MRS EHZT H 3]
IFWNZE =2 H

90



Appendix 3 Research Information Sheet (English Version)

Project title: Neurocognitive function deficits and the associated brain networks in

patients with gynecological cancer

Purpose of the Study: Up to 75% cancer patients experienced cognitive impairment after
cancer treatment. The purpose of this study was to explore the cognitive impairment of
gynecological cancer patients pre- and post-chemotherapy and to examine the possible
prevention strategies for cognitive decline in this study population. The aims of study stage
1 were to explore Chinese gynecological cancer patients’ perceived cognitive complaints
and relevant supportive care needs after primary cancer treatment. The specific aims of study
stage 2 were to assess cancer patients' neurocognitive functioning and functional brain
networks in Chinese gynecological cancer patients pre- and post-chemotherapy, as well as
acupuncture’s possible underlying neurobiological mechanisms of mitigating cognitive

impairment in gynecological cancer patients.

Project Information: Up to 75% cancer patients experienced acute cognitive impairment
during chemotherapy. This study adopted the multimodal MRI to explore neurocognitive
functions and its underlying neural mechanism of cognitive impairment among
gynecological cancer patients. You can withdraw from this study at any time without
giving reasons, and your withdrawal will not lead to any punishment or prejudice against
you. Your personal information will not be disclosed to people who are not related to this
study and your name or photograph will not appear on any publications resulted from this

study.

Thank you very much for participating in this study.
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Appendix 4 Research Information Sheet (Chinese Version)
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Appendix 5 Chinese Version of Data Collection Tool
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Appendix 6 English Translation of Data Collection Tool

This tool consists of eight parts:
Part 1: Demographic Information Sheet
1. Age
2. Education level
3. Employment status
4. Marital status
5. Having child or not
6. Disease diagnosis
7. Primary diagnosis date
8. Disease stage
9. Treatment types
10. Primary treatment completed date

11. Menopause status

Part 2: Auditory Verbal and Learning Test (Copyright reserved)
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Part 3: Brief Fatigue Inventory

Brief Fatigue Inventory
STUDYID® HOSPITAL®
/ ! Time: I
| Name|
Last First Middle Initial

Throughout our lives, most of us have times when we feel very fired or fatigued.
Have you felt unusually tired or fatigued in the last week? Yes [l No N

1. Please rate your fatigue (weariness, tiredness) by circling the one number
that best describes your fatigue right NOW.

0 1 2 3 4 5 6§ 7 8 8 10
Mo As bad as
Fatigus you can imagine

2. Please rate your fatigue (weariness, tiredness) by circling the one number that
best describes your USUAL level of fatigue during past 24 hours.

0 1 2 3 4 5 6 7 8 g 10
Na As bad as
Fatigus you can imagine

3. Please rate your fatigue (weariness, tiredness) by circling the one number that
best describes your WORST level of fatigue during past 24 hours.

0 1 2 3 4 5 6 7 8 g 10
Na As bad as
Fatigus you can imagine

4. Circle the one number that describes how, during the past 24 hours,

fatigue has interfered with your:

A. General activity
0 1 2 3 4 5 3] 7 8 9 10

Does not interfere Completely Interferes
B. Mood
0 1 2 3 4 5 6 7 8 9 10

Does not interfere Completely Interferes

C. Walking ability
0 1 2 3 4 5 4] 7 8 9 10

Does not interfers Completaly Interferas
D. Normal work (includes both work outside the home and daily chores)

0 1 2 3 4 5 & 7 8 9 10
Does not interfere Completely Interferes

E. Relations with other people

0 1 2 3 4 5 5] 7 8 9 10

Does not interfere Completely Interferas
F. Enjoyment of life

0 1 2 3 4 5 6 7 8 9 10

Does notinterfere Completely Interferes
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Part 4: Functional Assessment of Cancer Therapy-Cog

FACT-Cognitive Function (Version 3)

Below 1s a list of statements that other people with vour condition have said are important. Please circle
or mark one number per line to indicate your response as it applies to the past 7 days.

CoglT

Cughts

Cugl

Cog12

Cogh13

CogV1s

CogV1h

CogVITs

CogF1%

Cogf 213

CogF24

PERCEIVED COGNITIVE INPAIRMENTS

I have had trouble forming thoughts ...
My thinkmg has beenslow_..._......._._....
I have had trouble concentrating .

I have had trouble finding my way to a fanuliar

I have had trouble remembering where I put things,
like my keys ormy wallet ...

I have had trouble remembering new information,
like phone numbers or stmple instructions ...

I have had trouble recalling the name of an object
while talking to someone ...

I have had trouble finding the nght word(s) to
expressmyself .

I have used the wrong word when I referred to an
ODEET e

I have had trouble saying what I mean in
conversations with others

I have walked into a room and forgotten what I
meant to getor dothere ...

I have had to work really hard to pay attention or I
would make a mstake .

I have forgotten names of people soon after being
mtroduced .

Never

About
once a
week

Twoto
three
fimes a
week

2

&

2

]

[

Nearly
EVEIY
day

Several

times
aday

4

4
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Please circle or mark one numhber per line to indicate vour response as it applies to
the past 7 days.

Never About Twote Nearly Several
oncea  three eVEry  timesa

week  timesa day day
week

s My reactions in everyday situations have been

BLOW e 0 1 2 3 4
H I have had to work harder than usual to keep track

of what Twasdomng .. 0 1 2 3 4
e My thinking has been slower than usual ... 0 1 2 3 4
poa I have had to work harder than usual to express

myself clearly ... 0 1 2 3 4
f I have had to use written lists more often than

usual so I would not forget things ... 0 1 2 3 4
Lot I have trouble keeping track of what I am domg if I

amnterrupted. . 0 1 2 3 4
o I have trouble shifting back and forth between

different activities that require thinking ... 0 1 2 3 4

Please circle or mark one numhber per line to indicate vour response as it applies to
the past 7 davs.
Never About Twote Nearly Several
oncea  three eVery  timesa

COMMENTS FROM OTHERS week  ftimesa  day  day
week

fotl Other people have told me I seemed to have trouble

remembering information ... 0 1 2 3 4
foett Other people have told me I seemed to have trouble

speaking clearly.. ... 0 1 2 3 4
foet Other people have told me I seemed to have trouble

thinkng clearly . ... 0 1 2 3 4
foes Other people have told me I seemed confused . 0 1 2 3 4
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Please circle or mark one number per line to indicate vour response as it applies to
the past 7 days.

Cog
Ml

Ling
PR

PMT

PERCEIVED COGNITIVE ABILITIES

I have been able to concentrate

I have been able to bring to mind words that I wanted to
use while talking to someone

I have been able to remember things, like where I left

my keys or wallet

I have been able to remember to do things, like take

medicine or buy something I needed

I am able to pay attention and keep track of what T am

doing without extra effort
My mund 15 as sharp as 1t has always been
My memory 15 as good as 1t has always been

I am able to shift back and forth between two activities
that require thinking

Not
at all

A little
hit

Some- Quite
what  ahbit
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3

Please circle or mark one number per line to indicate vour response as it applies to
the past 7 davs.

IMPACT ON QUALITY OF LIFE

I have been upset about these problems............_._..

These problems have mterfered with my ability to

work ...

These problems have mterfered with my abality to
dothings Temoy. ..o

These problems have mterfered with the quality of

my life

Not
atall

0

A little
hit

1

Some-
what

2

Quite

a bit

3

Very
much

Very
much
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Part 5: HADS

Hospital Anxiety and Depression Scale (HADS)

Tick the box beside the reply that is closest to how you have been feeling in the past week.
Don't take too long over you replies: your immediate is best.

D A D A
| feel tense or 'wound up': | feel as if | am slowed down:
3 Most of the time 3 MNearly all the time
2 A lot of the time 2 Very often
1 From time fo timg, occasionally 1 Sometimes
0 Mot at all 0 Mot at all
I still enjoy the things | used to I get a sort of frightened feeling like
enjoy: 'butterflies’ in the stomach:
0 Definitely as much 0 Mot at all
1 Mot guite so much 1 Occasionally
2 Cnly a little 2 Quite Often
3 Hardly at all 3 Very Often
I get a sort of frightened feeling as if
something awful is about to | have lost interest in my appearance:
happen:
3 Very definitely and quite badly 3 Definitely
2 Yes, but not oo badly 2 | don't take as much care as | should
1 A little, but it doesn't worry me 1 I may not take guite as much care
0 Mot at all 0 | take just as much care as ever
I can laugh and see the funny side | feal restless as | have to be on the
of things: move:
0 As much as | always could 3 Very much indeed
1 Mot quite so much now 2 Quite a lot
2 Definitely not so much now 1 Mot very much
3 Mot at all 0 Mot at all
Worrying thoughts go through my | look forward with enjoyment to
mind: things:
3 A great deal of the time 0 As much as | ever did
2 A lot of the time 1 Rather less than | used to
1 From time fo time, but not too often 2 Definitely less than | used to
0 Cnly occasionally 3 Hardly at all
| feel cheerful: I get sudden feelings of panic:
3 Mot at all 3 Very often indeed
2 Mot often 2 Quite often
1 Sometimes 1 Not very often
0 Most of the time ] Mot at all
I can sit at ease and feel relaxed: | can enjoy a good book or radio or TV
program:
0 Definitely 0 Often
1 Usually 1 Sometimes
2 Mot Often 2 Mot often
3 Mot at all 3 Very seldom

Please check you have ansvrered all the questions

Part 6: Verbal Fluency Test
(1) Please you tell me animal's names as many as possible within one minute:

(2) Please you tell me fruit's names as many as possible within one minute:
(3) Please you tell me vegetable's names as many as possible within one minute:
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Part 7: Trial Making Test

Trail Making (Part A) — SAMPLE

D 2 O
© o

Trail Making (Part B) — SAMPLE

Part 8: Digit Span Test (Copyright reserved)

(Assessment end, Thank You!)
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