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Lay summary: 
Brain cancers and treatments such as chemotherapy, radiotherapy and surgery can damage the brain, causing deficits that impact on patients’ quality of life. Sometimes these are easy to appreciate; loss of movement in an arm or leg, loss of speech, loss of vision.

Sometimes the damage affects the part of the brain responsible for thought, self-control and planning; the processes of cognition. This most often happens when the cancer is towards the front of the brain. This often leaves the person with cognitive impairment, like when a person develops dementia or Alzheimer’s disease.

Because the treatments are ongoing and the cancer often comes back, people have little time to adapt. This is even more problematic as the cognitive impairment may occur at the outset of the cancer. This problem can cause considerable distress for their loved ones, their informal caregivers, but can be hard to assess and therefore hard to help.

We do not have a routine way of determining if a person with brain cancer has cognitive impairment, but a Newcastle based team has developed a simple test that is easy for health carers to give to patients. The plan of this study is to pilot this easy test in people with brain cancer, to determine if they have cognitive impairment, and then see how this affects stress and problems for the loved ones looking after them. 

Background:
Cognitive decline and the interdependence of patient and caregiver outcomes: 
Primary brain cancers like low grade glioma and high grade glioblastoma, and their treatments such as chemotherapy, radiotherapy and surgery can cause neurological damage that impact on patients’ quality of life. Cognitive impairment is particularly problematic and deficits may be present at time of diagnosis in up to 80% of patients.[1, 2] For patients with low-grade glioma, cognitive impairment will impinge on their ability to resume independent community-based living once in remission.[2] For patients with high-grade glioma, cognitive deficits can impair their ability to form treatment and advanced care planning decisions as independent and informed participants. For both of these patient groups, early identification of cognitive deficits can trigger referral to beneficial supportive care options such as additional community-based support, for advanced care planning discussions, and provision of education and support for patients’ informal caregivers. 
Cognitive impairment, along with the other physical and emotional impacts of cancer, affect not only patients but also their informal caregivers. For example, analysis of distress scores for patients and caregivers has found comparatively higher caregiver distress for both high-grade and low-grade glioma at both diagnosis and recurrence.[3] Patient factors such as poor performance status, rapid clinical deterioration, and symptom severity are associated with increased caregiver burden and reduced health-related quality of life.[4] Conversely, caregivers’ emotional health and advocacy ability has been shown to influence the quality care delivered to patients and preliminary evidence suggests caregiver mastery is predictive of patient survival.[5] These data suggests that the ability of the patient-caregiver dyad to cope with cognitive decline is paramount to both partners’ outcomes.  
Urgent need to identify and respond to cognitive decline for the patient-caregiver team
As cancer progression is almost inevitable in HGG, both patients and their informal caregivers have little time for adaptation to these neurological deficits and with these deficits often rapidly worsening with disease progression.[6] Assessment of patients by their multidisciplinary health care team can help detect and address neurological and cognitive deficits. However, healthcare professionals’ time and resources are limited to complete conventional neuropsychological testing which typically requires one to two hours.[1] To correctly identify and respond to cognitive deficits, a simple and brief assessment process is urgently needed. 
Synopsis
Proposal to pilot a brief cognitive assessment tool and quantify caregiver burden
This study aims to pilot a well-established simple, cost-effective and validated self-administered cognitive assessment tool (The Audio Recorded Cognitive Screen (ARCS)) to assess brain cancer patient cognitive function at two critical time-points in treatment, and compare this to measures of care-giver distress and patient outcome.
Study aims:  
The aims of this study are to:
1. 	To test the feasibility and acceptance of cognitive self-assessment using ARCS in patients with primary brain cancers.

2. 	To examine the association of cognitive impairment in patients with need for hospitalization and overall survival.

3. 	To examine the association of cognitive impairment in patients with caregiver burden and mastery.

Hypotheses:

1. 	Patients will report the ARCS tool is acceptable (i.e. over 75% of patients will report willingness to complete a similar test in the future), and will record assessment completion rates over 90% at both time-points; health professionals will deem the administration to be feasible with the generated screening results providing clinical value despite time requirements. 

2. 	An ARCS score of or below 78 (-1.5 standard deviations below normative value) and subsequent decline between two measurement time points will be significantly associated with increased logistic odds of hospitalisation and decreased survival at 6-month post-recruitment. 

3. 	ARCS score of or below 78 at either time point will significantly correspond with increased caregiver burden; this association will be mediated by caregivers’ Mastery scores. 

Study Schema:
ARCS
HGG: Chemoradiation
LGG: Observation
ARCS
ARCS suggests impaired cognition?
Unmet supportive care needs?
Formal cognitive assessment
Appropriate supportive  care referral
Neurosurgery
Caregiver distress survey


Proposed methods 
Study Design: 
Observational phase II pilot study comprised of a patient and caregiver cohort (cognitive assessment and survey with medical record review) and health professional interviews.

Study Setting:  
Multicentre study including clinicians and cancer care coordinators specialising in low and high-grade glioma in two local health districts – Hunter New England and Northern Sydney Health Districts. These sites will include Royal North Shore Hospital, John Hunter Hospital, and Calvary Mater Hospital Newcastle.
Participant eligibility: 
Patients: To be eligible to participate, individuals must: 1) be aged 18 years of age or older; 2) have received a confirmed diagnosis of low or high grade glioma or glioblastoma; 3) have at least two appointments within a six month time frame at the study site(s); 4) be English-proficient. For patients interested in the study, members of the participant’s healthcare team, in particular their medical oncologist and cancer care coordinator, will make a decision with the patient using their best professional judgement about the patient’s capacity to give free and informed consent to this study. A caregiver does not need to consent to participate for a patient to participate.
Caregivers: Eligible individuals will be: 1) aged 18 years or older; 2) English proficient; 3) planning to attend at least two subsequent appointments in a six-month time frame at the study site(s) with an individual with a confirmed diagnosis of low or high grade glioma or glioblastoma. No criteria regarding relationship type (i.e. spouse, sibling, adult child) is included. In order for caregivers to participate, a patient must also participate. 
Clinicians: Participating healthcare professionals must have one year experience working in a cancer setting and experience working with people with brain cancer.
Survey measures: 
Patient measures 
1. Demographic module
Patients will be asked to indicate: income range; private insurance coverage; previous and familial cancer history; and post code (used to calculate accessibility and remoteness index). Patients will also be asked to complete the single-item Distress Thermometer (DT) (global distress score) and Patient Health Questionnaire-4 (anxiety and depression scores). The DT is validated in cancer samples and has been used previously in glioma patient groups [3]; for example, amongst a convenience sample of glioblastoma patients, approximately one in three patients scored 4 or more on the DT suggestive of clinically significant distress.[3] 

2. ARCS: 
Patients will complete a brief demographic module and the Audio Recorded Cognitive Screen (ARCS; www.cognitionhealth.com) at two to three time-points. 
ARCS is a simple and robust screening tool for the detection of cognitive impairment or dementia, e.g. Alzheimer's Disease in older individuals, or conditions such as multiple sclerosis, schizophrenia or traumatic brain injury in younger individuals.[7] The ARCS can be used a baseline measure to track deterioration and as a trigger to provide additional supportive care options to both patient and their informal caregivers. The tool includes tests of episodic verbal memory, verbal fluency, object naming, visuospatial ability, and executive functioning.[8] At the end of the test, participants will be asked 4 brief acceptability questions focused on ease of completion, willingness to complete a similar test in the future, and clarity of instructions. 
ARCS psychometric properties: The ARCS is based on research conducted by the University of Newcastle in Australia, which confirmed that the ARCS has good validity and reliability, a sound normative base, and measures functioning in multiple cognitive domains. For example, the reported Cohen’s kappa for test retest correlations for the overall ARCS score indicated almost perfect agreement (k=0.84).[8, 9] Furthermore, the interscorer (i.e. clinicians) reliability in scoring 20 tests was similarly high.[8] For detection of cognitive impairment the ARCS performs well in comparison with other assessment tools, such as the Mini Mental State Examination, with 83% sensitivity (versus 62% for MMSE) and 82% specificity (versus 65% for MMSE) in a study of 183 individuals.  
ARCS administration and scoring: The tool is administered to unsupervised patients via an audio device, with questions completed using pen and paper. On average, the test requires approximately 34 minutes to complete and participants’ score are minimally impacted by writing speed, hearing difficulties, or difficulties with survey instructions.[8] The scoring will completed by cancer care coordinators using a customised Excel spreadsheet that provides both domain and global scores that are adjusted according to respondents’ age, gender, and education.[8] The average amount of time to complete scoring is approximately 4 minutes.[10] Once scaled, a score of 100 is considered normal cognition; a score of 78 (-1.5 standard deviations) suggests cognitive deficit and warrants clinical concern.[8] 

As usual care involves clinicians completing a physical assessment, interrogation of family history, and a cognitive assessment, the patient measure timing is not intended to be prescriptive, rather allow flexibility for clinicians to use their best professional judgement to choose timing and administration according to the patients’ best interest and timing of appointments. 
As a guide, patients diagnosed with high- or low-grade glioma will complete the first assessment between one to three weeks post-operatively (ie: with sufficient time to recover from surgery and anaesthesia, but before the commencement of radiotherapy (+/- chemotherapy). The second assessment will be administered one month following the completion of radiotherapy. The third assessment will be administered 3 months post completion of radiotherapy for patients with low-grade glioma. For patients with high-grade glioma, the measure will not be administered as a matter of course, but may be administered if the clinician feels it may be in the patient’s best interest.
All patient measures will be pilot-tested with Hunter Cancer Research Alliance Consumer Advisory Group volunteers.
	
	Baseline
	2nd Assessment
	Optional 3rd Assessment

	High-grade glioma (G3/4)
	1-3 weeks post-operative
	1 month post radiation therapy
	n/a

	Low-grade glioma
(G 1/2)
	1-3 weeks post-operative
	1 month post radiation therapy
	3 months post radiation therapy



3.  Medical record access: The patient and caregiver measures will be coupled with clinical data on the progress of each patient’s care, via access to hospital based electronic medical records. High-level pragmatic data will be collected in this pilot study using a standardised data extraction template:
1. Need for inpatient hospitalization for any cause (e.g. post operative, therapy complication, infection, deteriorating function etc.). Details such as date, number and length of hospitalisations will be included. 
2. Overall survival: time from initial diagnosis until death.
3. Other details which map to the developed pathway such as ACAT documentation or referrals to supportive care (such as mental health teams) will be extracted if available. 

4. Feasibility measure: Patients will be asked five brief questions to assess the feasibility and acceptability of ARCS including whether they could understand it and how well they felt it would reflect their cognitive functioning.

Informal caregiver measures
Informal caregivers will complete touchscreen surveys of similar length (30-35 minutes) and same time points which comprise of the following modules programmed in REDCap. All caregiver measures will be pilot-tested with the Hunter Cancer Research Alliance Consumer Advisory Group. 
1. Demographics
Caregivers will be asked to indicate: age; gender; primary language spoken at home; relation to patient; highest level of education completed; annual household income; health insurance; previous and familial cancer history; and if diagnosed with one of eight prevalent health conditions (i.e. heart disease, diabetes; and the DT and PHQ-4. These variables are selected based on previous research demonstrating increased burden according to age, spousal relationship, gender, education, pre-existing financial strain, and lack of social supports.
2. Caregiver Burden
Caregiver Burden will be measured using both the Zarit Burden Interview Short Version and the Caregiver Reaction Assessment (CRA). 
The Zarit Burden Interview Short Version tool is a 12 item tool with items addressing Caregiver Burdon including personal strain and role strain. This tool has been validated in adults with cognitive impairment [11]. 
The CRA is a well-validated tool previously administered to glioblastoma patient groups by the National Cancer Institute.[5] The tool includes 24 items across 5 scales spanning the broad range of impacts on: caregivers’ self-esteem; relational deprivation; caregivers’ schedule including job conflicts; competence; family beliefs and conflict; and financial disruption. Validation studies report moderate to substantial test retest reliability, very good internal consistency reliability (a=.82-.92), and convergent validity.[5, 12, 13]  
3. Perception of mastery and health literacy: 
Caregivers often assume the role of patient navigator and advocate; their ability to act within this role (i.e. mastery) will be dependent on their mental resiliency plus knowledge and efficacy to navigate through a complex and unfamiliar healthcare system.[4, 5] Using the Caregiver Mastery Scale (CMS), caregivers will report agreement with 7 statements such as ‘You believe you are mastering most of the challenges in caregiving’. Higher scores on this scale indicate less feelings of mastery. 
4. Caregivers’ perceptions of patients’ cognitive decline: 
Using the MOS subjective cognitive functioning scale, caregivers will indicate their perceptions on the degree to which the patient is experiencing deficits. This patient by proxy approach is based on the assumption that caregivers’ perception of the patients’ functioning rather than the patients’ actual condition affects their feelings of mastery and burden most. 
5. Financial toxicity: 
Members of the research term are currently surveying a large sample of distressed cancer patients and caregivers regarding financial toxicity, impact, and ability to secure additional financial resources. Brief questions from this larger project will be adapted and administered in this project. This approach will provide the opportunity to compare and contrast the financial impacts of glioma versus other cancer types. In the second assessment, caregivers will be asked to report any changes since first assessment. 
Clinician measures
Health professionals’ perspectives on feasibility and utility of ARCS and caregiver screening: 
At the end of the project, cancer care coordinators and clinicians will be asked to complete a short interview either face-to-face, over the phone, or via teleconferencing as per their preference, exploring the feasibility and utility of the screening processes. Utility questions will explore if the screening tools were time-effective, if the results changed their approach to patient management, if they perceived the exercise to be of value to patient caregivers, and if they would be willing to incorporate the screening into routine practice. Health professionals will be asked to provide additional open-ended feedback.  
Study procedure
Cancer care coordinators will arrange for patients and caregivers to complete the assessments within the health service within the two to three timeframes and at an opportune time (i.e. when visiting for an appointment). Patients and caregivers will be provided with a private area and asked not to discuss the questions while completing the questionnaires. Upon completion, cancer care coordinators will enter ARCS scores into the Excel spreadsheet and record DT and PHQ-4 scores in a separate worksheet. For those patients who score 78 or lower, the most proximate member of the patient’s health care team will be informed of this result, and an appropriate discussion will be held with the patient and their caregiver(s). A referral to an appropriate service (e.g. psycho-oncology or a geriatrician) will then be suggested for a formal cognitive assessment. 

Caregiver results will be collated by REDCap and can be exported in PDF format for inclusion in patient medical records. An export template will be programmed in REDCap to ensure this process is quick and consistent for care coordinators. As part of this template, the following ‘red-flags’ will be highlighted: 1) if a caregiver scores 4 or more on the DT accompanied by PHQ-4 score; 2) if a caregiver reports a higher score on Caregiver Mastery Scale; and 3) if a caregiver reports distress as a result of financial burden. If a ‘red-flag’ is generated by this survey system, then the local cancer care coordinator will, as per usual practice, employ their local referral pathways and patterns to arrange for appropriate support services and interventions that are available. These may include, but are not limited to, psycho-oncology, social work, occupational therapy, Cancer Council NSW etc. 
Statistical analysis and sample size: 
Outcomes and hypothesised correlations are included in Figure 2. The primary outcome, to test the feasibility and acceptability of cognitive self-assessment, will be determined based on patients’ and health professionals’ survey responses. The number of patients who declined to participate will also be reported.
The second outcome, to examine the association of cognitive impairment in patients with hospitalisation and survival rates at 6-months, will be reported through univariate logistic regression analysis with the ARCS global scores as the variable of interest. 
ARCS
ARCS
Change over time
Change over time
Association
Association
Association
Neurosurgery


The third outcome, to examine the association of cognitive impairment with caregiver burden and mastery, will be reported using multivariate analysis (controlling for age, gender, and education) with CMS and CRA scores. 
The sample size is based on achievable recruitment in the Hunter New England and Northern Sydney local health districts in a 12 month period. Based on current patient volumes, there will be a sampling frame of approximately 300 participants consisting of 100 patients, and 100 caregivers. This will provide sufficient sample to complete pilot testing of the ARCS tool. Using Peduzzi’s rule of 10 as a basis for sample size calculation, approximately 200 cases in which to complete multivariate regression will allow for us to estimate at least 20 coefficients against the cognitive and burden scores in logistic regressions.[14] 
Study Outcomes
While this study will provide preliminary pilot data for a larger trial, the study provides immediate benefit for health services, patients, and informal caregivers. 
Cognitive assessment for patients and health services:  If found acceptable and feasible, the ease of use and low cost makes the ARCS a valuable tool for both Care Coordinators and medical specialists to screen for cognitive impairment in a coordinated and consistent manner. This will provide reliable baseline information for physicians and coordinators to monitor patient functioning and will ensure patients’ cognitive status is accurately measured, while those with impaired function are appropriately referred for supportive care options. Health services will also be involved in developing and tailoring a brief referral pathway based on the results of the screening processes which can be implemented by health services after study completion. 
Understanding and responding to caregiver burden: This study will contribute to the sparse literature on glioma caregivers’ needs. There is limited information on caregivers’ psychological distress and supportive care needs, despite wide-spread acknowledgment of the impact and burden of a diagnosis on patients’ immediate support network.[3] The second assessment will also provide new information on how caregivers’ needs may evolve and emerge over time.[15]  This study will be amongst the first to explore how caregiver emotional wellbeing, mastery, and burden may influence patient outcomes such as hospital admission and overall survival.[5]
Publications and dissemination of results: 
The results of this study will be disseminated via published peer reviewed journal articles and conference presentations. The results will also be reviewed by Hunter New England Local Health District representatives to ensure the data can be used to inform future service planning and quality improvement activities. Any disseminated materials will align with the study’s ethically approved data management and participant confidentiality procedures.

Proposed project timeline 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Milestone
	Timeline 

	Question Design and Ethics Approval 
	Apr 2019 – Aug  2019 

	Pilot materials, establish data collection processes 
	Sep 2019 – Mar 2020

	Patient Recruitment
	Mar 2020 – Sep 2020

	Measure Administration
	Mar 2020 – Sep 2021

	Data Analysis
	Oct 2020 – Dec 2020

	Manuscript Preparation
	Jan 2021 – Mar 2021
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