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ARTICLE INFO ABSTRACT

Keywords: Patients with Parkinson's disease and related disorders (PDRD) and their families have considerable unmet needs
Palliative care including non-motor symptom management, caregiver support, spiritual wellbeing, advance care planning, and
Randomized clinical trial end-of-life care. There is increasing interest in applying palliative care (PC) models to better meet these needs.
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Comparative effectiveness

While PC has been shown to improve care and quality of life (QOL) for people with cancer and heart failure, few
studies have evaluated the role of PC for people with PDRD. Well-designed clinical trials are needed to optimize
the PC approach for PDRD and to influence policy and implementation efforts. We initiated a randomized
multicenter comparative effectiveness trial of team-based outpatient PC versus usual care for people with PDRD
and their caregivers. The primary aims of this study are to determine the effects of PC on patient QOL and
caregiver burden. Qualitative interviews will be utilized to gain additional insights into the impact of PC on
participants, the outcomes that matter most to this population, and to find opportunities to refine future in-
terventions and trials. As a novel application of PC, challenges involved in the design of this study include
choosing appropriate inclusion criteria, standardizing the intervention, defining usual care, and choosing out-
come measures suitable to our research questions. Challenges involved in implementation include participant
recruitment, retention, and management of participant burden. We anticipate the results of this trial will have
relevance for both clinical care and future clinical research trial design in evaluating models of PC for people
with PDRD and other serious illnesses.

1. Introduction significantly to quality of life (QOL) and disability [2,3]. PD is currently
ranked as the 14th leading cause of death in the US and this may be an

Parkinson's disease (PD) is the second most common neurodegen- underestimate as PD contributes to other causes of death such as
erative illness affecting 1-2% of adults over age 65 [1]. While PD is pneumonia and falls [4,5]. People living with PD are five times more
traditionally defined by its motor symptoms, non-motor symptoms in- likely to be placed in a nursing home and die in hospitals significantly
cluding pain, depression, and dementia are common and contribute more often than age-matched peers [6,7]. PD is also associated with
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significant effects on family caregivers including high rates of stress,
depression, and increased mortality [8,9]. Multiple systems atrophy,
corticobasal degeneration, progressive supranuclear palsy, and Lewy
Body Dementia are collectively referred to as Parkinson-plus syndromes
or atypical parkinsonian disorders and are often referred to as PD and
related disorders (PDRD) [10]. These disorders share many of the same
symptoms and complications as PD but have less response to medical
treatments and faster progression. Although individually rare, collec-
tively they account for approximately 15% of all parkinsonism and are
associated with high palliative care needs [11-13].

Despite advances in our understanding of the burden of PDRD on
patients and caregivers, clinical care continues to be driven by a chronic
illness model focused on managing motor symptoms through a patient-
physician dyad [14]. Potential gaps in this model include a failure to
address psychosocial and spiritual concerns; under-recognition and
under-treatment of non-motor symptoms; low rates of advance care
planning and supportive end-of-life care including hospice; and under-
recognition of caregiver needs [14,15].

Palliative care (PC) seeks to improve the quality of life (QOL) of
people affected by serious illness by relieving suffering through the
assessment and treatment of physical, psychosocial, and spiritual issues
[16]. While traditionally associated with cancer, palliative approaches
have been successfully applied to several chronic illnesses including
heart failure and pulmonary disease [17,18]. Recent review articles and
case series suggest PC may be beneficial for PDRD and a small but
growing number of academic centers now offer outpatient PC for PDRD
[19-21]. However, there are significant gaps in the evidence needed to
support widespread adoption of this care model including:

1) A need for randomized controlled comparative effectiveness trials in
PDRD to determine whether PC improves outcomes compared to
usual care.

2) Data to guide referral of appropriate patients for this time and re-
source intensive intervention.

3) Data to standardize which services are provided and how they are
delivered.

4) Development of care models that account for limitations in current
healthcare delivery (e.g. work force shortage of PC physicians) [22].

This manuscript describes the rationale and challenges involved in
the design and implementation of a clinical trial of outpatient PC for
PDRD embedded within a neurology clinic. We also describe efforts
made to collect data beyond the primary aims of the study to address
methodological issues important for facilitating future trials in this
field.

2. Specific aims

Aim 1: Determine whether interdisciplinary outpatient palliative
care improves patient QOL or caregiver burden in PDRD compared
to usual care provided by a neurologist.

Aim 2: Identify characteristics of PDRD patients most likely to
benefit from a palliative care approach.

Aim 3: Interview PDRD patients and caregivers to elicit their direct
input on what PC services are most helpful, what additional services
may be needed, and preferences for service delivery.

Exploratory Aim: Characterize differences in patterns of healthcare
utilization (e.g. emergency room visits, hospitalizations, use of
home health care) between the PC and usual care groups.

3. Study design
3.1. Overview

210 people with PDRD and moderate PC needs will be randomized
to either: a) continue their current care (usual care); or b) receive
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additional team-based PC embedded within a neurology clinic.
Caregivers, when present, will be randomized along with their re-
spective patients as a dyad. As a pragmatic comparative effectiveness
trial, our goals are to understand whether there are differences in pa-
tient or caregiver outcomes between current standards of practice
versus those receiving additional outpatient PC as currently practiced in
academic neurology centers offering these services.

Following randomization, participants will be followed for
12 months, with data collection and intervention visits scheduled at 3,
6, 9, and 12 months. To minimize recall bias, we will collect data on
healthcare utilization every 6 weeks. The primary outcomes for this
trial are change in patient QOL (measured with the Quality of Life
Alzheimer's Disease; QOL-AD) and caregiver burden (measured with
the Zarit Burden Inventory; ZBI) at 6 months [23,24].

The study will be conducted at three sites with longstanding ex-
perience in PC for PDRD: the University of Colorado, the University of
Alberta, and the University of California San Francisco. Clinical care for
patients in the usual care arm include patients from regional commu-
nity practices as well as patients receiving their care from other pro-
viders at these academic institutions. The study was approved by the
institutional review boards of all participating institutions. The
University of Colorado, as the coordinating site, will serve the addi-
tional roles of hosting a central database, data monitoring, and bios-
tatistical analysis. The trial was registered with clinicaltrials.gov (NCT
02533921) prior to participant enrollment.

A summary of innovations of the current trial include:

1) Our PC intervention is administered by a clinical team led by a
neurologist with PC experience and informal training with a board-
certified palliative medicine specialist serving primarily in a
coaching and advisory role. If effective, this model may be more
readily implemented and avoids limitations due to potential work-
force shortages of palliative medicine specialists [22].

2) Use of the recently developed Needs Assessment Tool — Parkinson's
Disease (NAT-PD) to provide standard and reproducible screening of
patients with moderate palliative care needs (see Appendix 1) [25].

3) Use of checklists for all intervention team clinical roles to improve
fidelity and reproducibility while still allowing clinicians the flex-
ibility to meet the unique needs and care goals of patients and fa-
milies (see Appendix 2).

4) Inclusion of patients with and without PD-related dementia (PDD).
One of the challenges of building a PC model for PDRD is the wide
variability of clinical phenotypes, including a wide range of cogni-
tive function. We specifically want to include patients with de-
mentia who are often excluded from clinical research but represent a
very high-risk population for PC needs.

5) Use of the Quality of Life: Alzheimer's Disease (QOL-AD) and re-
cently developed Edmonton Symptom Assessment Scale -
Parkinson's Disease (ESAS-PD) to capture QOL and symptom burden
respectively [23,26]. More commonly used PD QOL outcomes such
as the Parkinson's Disease Questionnaire [27] were not developed
for PC applications and focus heavily on functional activities that
may be beyond the abilities of persons with advanced disease.

6) Use of mixed methods to evaluate the effectiveness and appro-
priateness of the inclusion criteria, outcome measures, and inter-
vention.

3.2. Role of PD patient and caregivers advisory council

In alignment with the requirements of the Patient Centered
Outcomes Research Institute (PCORI) and the PCORI engagement
rubric we engaged a group PD patients and caregivers to be involved in
study planning, conduct, and dissemination [28]. Our patient advisory
council was led and formed by a patient (KH) who had previously
completed the Patient Advocacy In Research (PAIR) [29] training
through the Parkinson Foundation (formerly Parkinson's disease
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Foundation) and was actively involved with several support group
leaders through the Parkinson's Association of the Rockies. The ad-
visory council's roles included:

1) Planning: Patient involvement was present from the inception of the
study and grew from conversations of the PI (BMK) and advisory
council leader (KH) in their PAIR work. The council is involved in
reviewing study protocols, testing, and timing study protocols for
participant acceptability, providing input on wording for all patient
materials (including advertisements and consent form), going
through intervention checklists, providing input into qualitative
interview guides, and helping to choose outcome measures. Some
specific contributions from this process include anticipation of pa-
tient barriers to participation, such as concerns for out-of-pocket
costs for the intervention, validation of the patient and caregiver-
centeredness of our outcomes, and vetting decisions that could im-
pact participants such as when to include participants with high PC
needs or dementia. These contributions will improve the study de-
sign and conduct, substantiate our claims of patient-centeredness,
and mitigate concerns of regulatory boards for participant burden
and acceptability.

2) Conduct: The council will play an instrumental role in developing
recruitment and retention strategies including giving peer perspec-
tives on the study in community informational and recruitment talks
and contributing to our study newsletter.
Dissemination: The council will assist us with our qualitative ana-
lyses and will help in reviewing quantitative papers and providing
summaries of our findings through patient venues ranging from
support groups to national organizations. As research partners, we
welcome suggestions for novel analyses which have already led to at
least one unique paper.

3
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3.3. Ethics

In designing this trial, we were faced with the ethical challenge of
whether to randomize patients with urgent and significant PC needs. On
the one hand, our clinical experience strongly suggests that the benefits
of this intervention would be greatest for those with high and urgent
needs and that excluding such patients could reduce our chances of
finding a statistically and clinically significant effect. On the other
hand, we strongly questioned the ethics of randomization that could
deny patients access to care already available to them outside of the
research study, particularly given evidence that in uncontrolled studies
that PC would benefit these patients and that studies of PC in other
populations have not shown any harm [21,26,30].

We decided that persons with urgent PC needs would be excluded
from randomization and fast-tracked into university PC clinics given
our primary ethical responsibility of beneficence despite the potential
risk of reducing our effect size and increasing the chances of having a
negative trial for an effective therapy. From a pragmatic perspective,
we felt this decision could be further justified by focusing our trial on
the question of whether palliative care applied early or to more mod-
erate needs results in changes in clinical outcomes. As there is greater
clinical equipoise about early, proactive palliative care for patients with
moderate needs, the results of this trial may have a greater chance of
influencing current clinical practice.

We practically define urgent PC needs as any PC issue for which the
patient or caregiver were unwilling to wait 6 months (time of primary
outcome) or that the site principal investigator (PI) felt would cause
undue distress to the patient or caregiver if PC care was delayed. For
persons in the usual care arm, we also have chosen to allow patients to
cross-over to the intervention if they developed urgent needs as de-
termined by their regular treating physician, the patient or caregiver, or
the assessment of the study team.
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3.4. Eligibility

3.4.1. Inclusion criteria

Patients must be fluent English speakers, over the age of 40, and
meet UK Brain Bank criteria for a diagnosis of probable PD or standard
criteria for progressive supranuclear palsy (PSP), corticobasal degen-
eration (CBD), multiple system atrophy (MSA), or dementia with Lewy
bodies (DLB) [31-35]. Caregivers, will be identified by asking the pa-
tient: “Could you please tell us the one person who helps you the most
with your PD outside of the clinic?” For patients with severe dementia,
family caregivers could be self-identified and could be included in the
study even if the patient had cognitive or communication limitations in
order to obtain data relevant to these highly vulnerable and under-
represented patients. Included patients (and/or caregivers when pre-
sent) demonstrated moderate to high palliative care needs assessed
using the Palliative Care Needs Assessment Tool [25] modified for PD
(NAT-PD, see Appendix 2) which screens patients on the basis of social
factors (e.g. presence of caregiver), disease severity, and symptom
burden and caregivers on the basis of psychological distress, caregiver
burden, and relationship issues. In anticipation of the recruitment of
persons with dementia we purposefully included primary outcome
measures validated in dementia and for proxy reporting and planned to
allow an option for a reduced survey battery for persons or dyads with
severe communication issues, time burden or fatigue.

3.4.2. Exclusion criteria

Patients will be excluded if any of the following are present: 1)
Immediate and urgent palliative care needs (these patients will not be
randomized and will be directly referred to appropriate services); 2)
Unable or unwilling to commit to study procedures including rando-
mization and study visits; 3) Presence of additional medical illnesses
which may require PC (e.g. metastatic cancer); or 4) Already receiving
PC including hospice. We will keep our inclusion/exclusion criteria
broad to allow for greater generalizability of results and to ensure in-
clusion of potentially under-represented subgroups (e.g. persons with
dementia).

3.5. Participant recruitment and retention

Recruitment strategies included: 1) Referrals from colleagues within
academic practices; 2) Referrals from community physicians notified
about the study through personal connections, solicitations through
email and letters, and continuing medical education (CME) events; 3)
Community talks given to patients by investigators or patient/caregiver
advisors sponsored by support groups or local PD organizations; 4)
Advertisements through local PD organizations (e.g. newsletters); and
5) Postings on clinical research websites (clinicaltrials.gov and
foxtrialfinder.michaeljfox.org).

Efforts will be made to retain participants including: 1)
Reimbursement for time and travel-related expenses; 2) Option for
telemedicine approaches for data collection and clinical intervention
for persons with transportation or mobility issues; 3) Option for re-
duced data collection of prioritized outcome measures (only primary
and key secondary outcomes); 4) Newsletter for participants reinforcing
purpose of the study and including updates of study progress; and 5)
Offer to fast-track patients in usual care arm into the PC clinic at study
completion.

3.6. Randomization

Participants will be randomized in a 1:1 ratio to either the palliative
or usual care group through a randomized block design stratified by
site, presence of dementia (using standard criteria for PD-related de-
mentia [36]), and disease stage (dichotomized as mild to moderate or
severe using the Hoehn and Yahr scale [37]). This randomization
strategy was chosen to minimize potential confounding effects in this
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relatively small sample based on time of study entry, site differences,
and clinical characteristics expected to influence study outcomes.

3.7. Usual care arm

Usual care consists of care from the patient's primary care provider
(PCP) and a neurologist. We consider this the current standard of care
given evidence that PD care with a neurologist results in better out-
comes (e.g. falls, mortality) than care with a PCP alone [38]. Patients
not seeing a neurologist at study entry will have appointments with a
neurologist covered by their insurance arranged by the study team. As a
pragmatic trial, we recorded but did not prescribe how frequently pa-
tients saw their neurologist or PCP. Notably, we anticipate that a sig-
nificant fraction of neurologic care in this arm will be provided by
movement disorders specialists at our academic centers as recruitment
from colleagues is one of our primary sources of participants. The
majority of care at each academic center is not based on the PC model
and only physicians not directly involved in PC can serve as neurolo-
gists in the usual care arm.

3.8. Intervention arm

Our intervention consists of usual care plus the addition of an out-
patient interdisciplinary PC team embedded within an academic neu-
rology clinic, a service currently available at these centers and covered
by most insurances including US and Canadian Medicare. PC visits will
be performed in person or via telemedicine every 3 months. These visits
may be supplemented by phone calls one week after each visit to
confirm understanding of team recommendations and at 6 weeks to
check-in with patient and caregiver. Over the first year of the study, we
found that these calls were not always needed and could be redundant
although most patients appreciated them — we thus made them optional
rather than required at the discretion of the clinical team and captured
whether and when they were completed. Summaries of visits will be
sent to the patient, caregiver, PCP, and neurologist and suggestions for
care outside of PC issues deferred to the patients' usual care team.

The interdisciplinary PC team was led by a movement disorders
neurologist with informal PC training. This training generally consisted
of workshops (e.g. at national meetings), reading and clinical practice
with guidance from a palliative medicine specialists but did not include
fellowship training. The nurse and social worker on the team were part
of the movement group and acquired additional PC experience through
reading, workshops and communication with clinicians at the institu-
tions' primary PC team. The chaplain was part of the hospital PC team.
A board-certified palliative medicine physician is available at each site
for team guidance, periodic chart review, and in-person patient con-
sultations. The palliative medicine physician's primary role is one of
coaching and guidance. This involves reviewing the checklists, proce-
dures and documentation at each site at study outset and providing
ongoing coaching at the discretion of the team, including through co-
management of complex patients, during the course of the study. As the
core team becomes more experienced, including through real-time
coaching of the palliative medicine specialist, the involvement of the
palliative medicine specialist will decrease to infrequent consultations
for specific issues or patients. This model is reflective of current prac-
tices in neurology centers offering these services and allows for po-
tentially greater impact from a limited pool of palliative medicine
specialists in the outpatient arena [21]. Visits will be standardized
through the use of checklists as summarized in Table 1 (full Checklists
available in Appendix 1). All staff except the palliative medicine phy-
sician will be present for all visits and summary meetings at the end of
each clinic to ensure interdisciplinary care.

3.9. Primary and secondary outcome measures

Our primary outcomes are change in patient QOL, as measured by
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the Quality of Life: Alzheimer's Disease (QOL-AD), and caregiver
burden, as measured by the Zarit Caregiver Burden Interview short
form (ZBI) [23,24]. The QOL-AD was chosen for this study for several
reasons including its brevity, insensitivity to cognitive impairment,
validated proxy reporting, responsiveness, and coverage of issues
identified to be relevant to PD patients and caregivers in prior studies
and through our advisory council [39,40]. Although there is currently
no QOL instrument specifically validated for PDRD patients with de-
mentia, the QOL-AD is validated in mixed dementia and covers issues
relevant to all dementias [41]. The ZBI is the most commonly used self-
report measure of caregiver distress, including in PD. [8,42] The ZBI is
well-validated in terms of psychometric properties and is notably in-
sensitive to variations in age, gender, socioeconomic status, or locale,
indicating that it is appropriate for use in diverse and mixed popula-
tions [43]. It is also sensitive to change with interventions, including
palliative care [44].

Table 2 summarizes primary and secondary outcome measures.
Patient advisors actively participated in identification of outcome do-
mains and selection of study instruments. We tracked patterns of
healthcare utilization (e.g. hospitalization, nursing home placement)
and financial impact of illness on patients and caregivers through loss of
work or time spent in caregiving activities using questions drawn or
modified from the Ambulatory and Home Care Record (AHCR) with the
goal of obtaining outcomes relevant to healthcare providers and in-
surers in addition to patients and families (Appendix 3) [45]. We in-
cluded several commonly used measures of patient QOL in PD and PC to
address the clinimetric validity of these outcomes for this population
and appropriateness for future trials, including using global impression
scores to assess responsiveness.

A subset of patients and caregivers in both intervention and usual
care arms will additionally participate in semi-structured qualitative
interviews to gain additional insights into the impact of PC on parti-
cipants, the outcomes that matter most to this population, and to find
opportunities to refine future interventions and trials (Table 3). These
questions were drawn from prior qualitative studies as well as domains
of interest based on prior work in this field [19,39,40]. Patients and
caregivers will be interviewed individually to avoid allow both groups
to speak openly on issues they may be afraid to speak on with their
partner present.

3.10. Data collection

Data regarding patient QOL, symptom burden and caregiver distress
will be measured at baseline, 3, 6, 9, and 12 months. Primary outcomes
are differences between treatment arms in patient QOL and caregiver
burden at 6 months. Symptom burden, spiritual wellbeing, and mood
will be assessed as secondary outcomes. To reduce loss of events due to
prolonged recall, we will assess healthcare utilization every 6 weeks.

3.11. Statistical analysis

The main objective of the study (Aim 1) is to determine the com-
parative effectiveness of interdisciplinary outpatient PC versus usual
care with a neurologist for PD on patient QOL and caregiver burden.
Secondary outcomes (see Table 2) include symptom burden, mood, and
spiritual wellbeing as well as occurrence of key events including hos-
pitalization and nursing home placement. Controlling covariates in-
clude gender, age, disease severity (Unified Parkinson's disease Rating
Scale [48]), cognitive dysfunction (Montreal Cognitive Assessment
[49]), and depressive symptoms (HADS Depression Subscale [50]). The
explanatory variables will be checked for randomization and multi-
colinearity. Successful randomization should minimize covariate im-
balances between treatment groups, but including them in the model
adjusts for lingering confounding effects and accounts for variance in
the outcome variable.

The outcomes will be modeled with mixed regression model
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Table 1
Interdisciplinary palliative care visit checklist.

Contemporary Clinical Trials 79 (2019) 28-36

Team member Issues to address

Palliative Neurologist

- Medical history, medications and physical examination

- Cognitive status and testing

- Psychiatric symptoms (e.g. depression, hallucinations)

- Pain, sleep, fatigue and other nonmotor symptoms

- Swallowing, sialorrhea and falls

- Recent hospitalizations, infections or other medical issues

- PDRD education relevant to disease stage including prognosis

- Goals of Care

Social Worker (for both patient and caregiver if present) - Caregiver distress

- Need for help at home/community resources
- Financial issues and concerns

- Long-term care needs

Chaplain (for both patient and caregiver if present) - Spiritual wellbeing

- Sources of support and stress

- Fear, anger and guilt
- Grief and demoralization
- Advance care planning documentation

Nurse

- Healthcare proxy designation and documentation
- Wound care/skin integrity
- Nutritional status and diet

Palliative Medicine Physician

- Coaching and guidance for primary team

- In-person or phone consultation for advanced symptom management or complex goals of care at discretion of

primary team

- Periodic review of charts from palliative perspective

Table 2

Outcomes of interest to patients, caregivers, and other stakeholders assessed in this proposal.

Measure

Domain of interest

Quality of Life: Alzheimer's Disease (QOL-AD) [23]
Zarit Burden Interview (ZBI) [34]

Parkinson's disease Questionnaire (PDQ-39) [30]
McGill Quality of Life Questionnaire [46]

Patient-Reported Outcomes Measurement Information System (PROMIS) 29-item short form [47]

Edmonton Symptom Assessment Scale (ESAS-PD) [26]

Hospital Anxiety and Depression Scale (HADS) [37]

Functional Assessment of Chronic Illness Therapy-Spiritual Wellbeing (FACIT-SW) [39]
Prolonged Grief Questionnaire (PG-12) [23]

Unified Parkinson's disease Rating Scale [41]

Montreal Cognitive Assessment (MOCA) [46,56]

Hoehn and Yahr Scale [44]

Charlson Comorbidity Index [61,66]

Patient Quality of Life (QOL; Primary Outcome)
Caregiver Distress (co-Primary Outcome)
Patient Functional Status and secondary QOL
Secondary Patient QOL

Secondary patient QOL

Patient symptom burden

Patient and Caregiver Mood

Patient and Caregiver Spiritual Wellbeing
Patient and Caregiver Grief

Patient Motor symptom Severity (motor exam only)
Patient Cognitive Status (baseline visit only)
Patient Disease Stage (baseline visit only)
Medical Comorbidities (baseline visit only)

analysis, with correlation for repeated measures, at baseline and at 3, 6,
9, and 12 months. The empirical covariance estimator may be used to
safeguard against model misspecification. The models will control for
time, interaction between treatment and time, and potential baseline
confounders, including gender, age, depression, and disease severity.
The default model will have linear time trajectories for each treatment
group and linear functions for baseline controlling covariates. The lin-
earity assumptions will be checked. Non-linear functions could be ap-
proximated with piece-wise linear functions or transforms. The main
contrasts will be the difference in areas under the fixed effect change
from baseline curves for the palliative and treatment control groups,

Table 3
Interview domains and sample questions.

and the mean difference in change between 6 months and baseline
between the groups. Secondary tests will be conducted for the mean
difference in change from baseline between the groups at the 3, 6, 9,
and 12-month time points. The contrasts, controlled for all covariates,
will be tested for significance using t-tests and F-tests, with an alpha
level of 0.05. The effect estimates, 95% confidence intervals, and p
values will be reported. In the process, the interaction between time
and treatment will be tested. If the time trajectories are linear, then all
tests are stochastically equivalent to the time by treatment interaction
test with one parameter. Binary outcomes and count outcomes will be
analyzed with logistic regression and Poisson regression respectively.

Interview domain Sample questions

Needs Assessment

Meaningful Outcomes

Satisfaction with Services Provided
Optimization of Services

Care Delivery

Other Services

Timing of Services

Who to Refer

What aspects of your illness are most difficult for you to deal with?

If there was one thing we could improve about your current situation what would it be?

What services provided by your care team did you find helpful? Were there any services provided you did not need?
Were there any services which you did not receive from your care team or others that you think would be helpful?
How would you prefer (service discussed earlier) to be provided? For example, in person visits versus phone call.
What additional services could be provided to improve you quality of life?

When in the course of PD do you think palliative services should be started?

Thinking of yourself and other people you know with PD, who do you think would benefit most from these services?
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Generalized mixed models will account for repeated measures. We plan
to perform subgroup analyses for patients with dementia, severe dis-
ease, and depression and may perform exploratory subgroup analyses
depending on primary results.

A secondary objective (Aim 2) of this proposal is to explore factors
modifying the effect of PC compared with standard treatment. This will
specifically include the following patient characteristics: age, gender,
medical comorbidities (Charlson Comorbidity Index [51]), presence of
caregiver, cognitive status, depression, caregiver distress, income, race/
ethnicity, and home environment (e.g. rural, inner city, nursing home).
We will also examine whether there are differences between academic
sites or between persons receiving care at academic centers versus
community practices for their primary neurologic care. Starting from
the models in Aim 1, the effect modifiers will introduced as interaction
terms, so the time function for each treatment of group can be different
for different levels of the interacting variable. The model with the in-
teraction will be tested against the no interaction model. Interaction
effects at individual time points may also be tested. The treatment ef-
fects for different levels of the interacting variable will be reported. For
categorical interacting variables, the treatment effect will be reported
at all levels of the interacting variable. For continuous interacting
variables, the treatment effect will be reported at pre-specified values of
the interacting variable (e.g. dementia and mild cognitive impairment
cut-points for the Montreal Cognitive Assessment [52]), natural
boundaries (e.g. decades for age), or quartiles (e.g. for baseline care-
giver burden). Categories will be collapsed when necessary and justified
to prevent sparsely populated cells. An overall test for treatment effect
across the different levels of the interacting variable will be performed
as a multiple comparisons safe guard. Each interaction effects will be
considered in separate models. Since the study lacks the power to in-
vestigate effect heterogeneities with precision, Aim 2 will be largely
exploratory and descriptive unless very large effect sizes are detected.

3.12. Power considerations

3.12.1. Aim 1

Allowing for up to 15 dropouts per group by the 6-month time
point, a two sample t-test with 90 samples per treatment group (180
total) would detect a difference in our patient continuous outcomes
equal to half the standard deviation with 90% power and an alpha level
0.05. This is greater than the suggested minimal clinically significant
change for the QOL-AD of 3 points [53]. For caregivers, assuming 80%
of patients have caregivers and a similar drop-out rate, we would have
72 samples per treatment (144 total) and could detect a difference of
equal to half the standard deviation with 85% power and an alpha of
0.05. Minimal clinically important differences have not been estab-
lished for the ZBI but will be estimated in this study using caregiver
global impression of improvement and an anchor based approach [54].
Notably, prior studies of palliative interventions have found effect sizes
of 0.5 SD/mean and greater [44]. The sample size will also enable us to
fit models with a large number of parameters and as described below,
the longitudinal mixed models and linear time functions will increase
our efficiency.

For a longitudinal model with non-linear time trajectories, the dif-
ference in area under the change from baseline curve can summarize
treatment effect across all times. If the true time trajectory is linear, we
model it as a piece-wise linear function with a common intercept and
knots at each time point, and the outcome is difference in area under
the change from baseline curve, then a sample size of 25 per treatment
group (50 total) would achieve 90% power with an alpha level of 0.05
and an effect size equivalent to 50% of the standard deviation at
6 months (6 sd*months of area, 0.5 sd on average). A sample size of 90
per treatment group (180 total) would be virtually certain to detect a
difference of 50% of standard deviation at 6 months (6 sd*months of
area, 0.5 sd on average) for very small alpha levels, and so a Bonferroni
correction could be applied to handle multiple comparisons. A sample
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size of 90 per treatment group (180 total) would achieve more than
90% power with an alpha level of 0.05 and an effect size equivalent to
30% of the standard deviation at 6 months (3.6 sd*months area, 0.3 sd
on average). For a test of mean difference in change from baseline at
6 months in caregivers, a sample size 64 per treatment group (128 total)
would achieve 90% power with an alpha level of 0.05 and an effect size
equal to 50% of the standard deviation. A sample size of 90 per group
(180 total) would achieve 97% power. The test would have more than
90% power even after a Bonferroni adjustment for four tests.
Alternatively, 90 samples per group (180 total) could detect an effect
equal to 42% of the standard deviation with 90% power and an alpha
level of 0.05. All sample size calculations for longitudinal data models
assume a compound symmetric covariance structure and a correlation
of 0.5 for repeated measures on a participant which is relatively con-
servative for QOL measures [55].

3.12.2. Aim 2

Regarding power, in a situation where the treatment effect inter-
acted with a binary variable and the sample was evenly distributed
among the four combination of treatment and the interacting binary
variable, achieving 80% power with an alpha level of 0.05 and 44
samples in each combination (176 total) would require a difference in
treatment effect equal to 85% of the standard deviation. Alternatively, a
sample of 180 total would be able to detect an increase in the r? statistic
of the regression model of 0.04 with 80% power and an alpha level of
0.05. A test for the treatment effect within a subgroup of half the
sample (90 out of 180, 45 palliative care and 45 standard care patients),
with an alpha level of 0.05, would require an effect sizes of 60% and
70% of the standard deviation to achieve 80% and 90% power re-
spectively.

Longitudinal mixed models and linear time functions, however,
would increase this efficiency. For a situation where the treatment ef-
fect interacted with a binary variable and sample was evenly dis-
tributed among the four combinations of treatment and the interaction
binary variable, a sample size of 45 in each combination (180) total
could achieve 90% power with an alpha level of 0.05 and a difference in
treatment effect equal to 40% of the standard deviation. A test for a
treatment effect within a subgroup of half the sample could achieve
90% power with an alpha level of 0.05 and a treatment effect equal to
30% of the standard deviation. All sample size calculations for long-
itudinal data models assume a compound symmetric covariance struc-
ture and a correlation of 0.5 for repeated measures on a participant.
Adjusting for multiple comparisons would make the individual tests
more conservative. However, the linear model eliminates the need for
multiple tests across time points.

3.13. Qualitative interviews and mixed methods analysis

For Aim 3 we plan to recruit a total of 30 patients and 30 caregivers
based on prior studies in this population but may interview more or less
patients if needed to obtain thematic saturation in our domains of in-
terest. Recruitment will initially be a convenience sample but will shift
to maximum variance sampling as interviews progress to ensure re-
presentation of the spectrum of patients (e.g. across age and disease
severity), important subgroups (dementia, no caregiver), study group
assignment and insights into any key issues emerging as interviews
proceed.

To meet the primary goal of optimizing and evaluating outpatient
PC in PDRD we will utilize an iterative, inductive, and deductive toolkit
of analytical strategies drawing on field notes and memoing, qualitative
content methods of analysis, consultative and reflexive team analysis,
and audit and member checking as performed by members of the re-
search and clinical teams and patient advisory council [56-58]. AT-
LAS.ti will be used for data organization and management. Analysis will
commence with the first participant and proceed alongside data col-
lection, informing and modifying our interview guide and recruitment.
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Initial coding will be done independently by a PRA with qualitative
experience and a qualitative expert (JJ) who will discuss codes, es-
tablish inter-code reliability, and create an initial master code list. The
code list will be revisited and revised with continued data collection
and with input from the multidisciplinary study team including patient
advisors. Text within and between codes will be compared to develop
themes. Tables will be developed displaying counts of codes to search
for patterns, similarities, and differences between caregivers and pa-
tients. Secondary analyses will develop similar tables to determine
whether there are potential differences in needs based on age, gender,
race, disease stage, or cognitive status. Through this process we will
develop figures of themes which will be modified based on feedback
from our multidisciplinary team of advisors and potentially through
feedback at presentations prior to publication. Observer triangulation
(using interdisciplinary team, stakeholders, and patient advisors), par-
ticipant triangulation (comparing caregiver and patient perspectives),
member checking (eliciting feedback on themes from subsamples of
participants), and comparison to quantitative results will be employed
to increase validity.

4. Lessons and challenges from implementation and early study
conduct

4.1. Challenges in participant recruitment

Our initial expectations regarding enrollment rates were overly
optimistic as the population in which we were interested differed in key
ways from participants in other clinical trials. Our population tended to
be excluded from prior studies and thus less likely to be engaged in
research; were less likely to be a part of support groups; and were more
sensitive to potential demands on their time or need to travel (even if it
involved additional care). To overcome our initial under-enrollment we
expanded our inclusion criteria to include related disorders (PSP, CBD,
DLB) as the palliative needs of these populations are similar and these
patients routinely received PC care in our academic centers [13,59].
This population made up 11.9% (25/210) of our final enrollment
numbers. We also redoubled efforts to give community talks and pro-
vide consistent reminders to colleagues at our institutions which were
the two primary sources of referrals for this trial.

4.2. Challenges in participant retention

Our dropout rate was lower than anticipated (12.9% as of June 30,
2018), likely due to the excellent connections our coordinators estab-
lished with participants in both groups. We believe this connection was
fostered through passionate coordinators who believed in the study
purpose, were genuinely concerned about participants, and were
available to participants in both groups for PC questions. In fact, our
coordinators were often the first person participants in both groups
contacted if they were struggling with PC issues. Other measures to
retain participants included reimbursement for time and travel; avail-
ability of telemedicine and online forms to minimize data collection
burden; options for reduced data collection (e.g. dropping additional
QOL measures and utilization questions); providing a biannual study
newsletter including articles on study progress, study purpose, and
motivation from our patient advisory council; and option for persons in
the usual care group to receive PC upon study completion.

5. Discussion

This study is a pragmatic multicenter randomized comparative ef-
fectiveness trial that is designed to determine whether interdisciplinary
outpatient PC for PDRD embedded within a neurology clinic improves
patient QOL or caregiver burden compared to current standards of care.
This trial involved patient and caregiver stakeholders at every step to
ensure that the intervention, issues addressed, and outcomes are
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important, relevant, and meaningful to those with this condition and
their loved ones. The study is also designed to investigate what patient
and caregiver characteristics are most predictive of benefit and to uti-
lize qualitative interviews to identify ways of optimizing our inter-
vention as well as other aspects of our clinical research such as what
outcomes patients and caregivers feel we should be measuring. We
anticipate a positive result will lead to future implementation trials and,
as a pragmatic intervention currently supported in several academic
centers, influence other academic movement disorders centers to im-
plement similar services. Negative results will also be explored further
to determine whether future efforts may need to redesign the inter-
vention, recruitment criteria, or outcome measures.

Our intervention bridges two areas of interest for integrating PC
approaches in the outpatient setting, namely embedded PC and training
non-palliative medicine specialists to deliver PC as PCPs or as specia-
lists (e.g. oncologists, neurologists) [60-63]. Interest in these ap-
proaches stems from a desire to find models that will not be limited by
palliative medicine work force shortages [22], build on specialist
knowledge, and acknowledge the essential role specialists and PCPs
must play in any functional system of PC, even if that role is only to
refer [64]. To our knowledge, this is the first study utilizing neurolo-
gists as the primary physician providing PC services to patients. If
successful, this is a model that could be rapidly implemented in other
PDRD centers with multidisciplinary resources.

In a 1996 review, the American Academy of Neurology Ethics and
Humanities Subcommittee stated: “Many patients with neurologic dis-
ease die after long illnesses during which a neurologist acts as the
principal or consulting physician. Therefore, it is imperative that neu-
rologists understand, and learn to apply, the principles of palliative
medicine.” [65] Similarly, the Accreditation Council for Graduate
Medical Education (ACGME) requires neurology residents receive in-
struction in end-of-life and palliative care and recent quality metric
guidelines for PD include advance care planning [66,67]. However,
there are major gaps in the education of neurology resident physicians
in these topics and evidence that PC needs in PDRD are generally under-
recognized and managed by neurologists [20,68,69]. This trial may
serve several roles in meeting the charge of the AAN to begin to develop
an evidence base for how to provide PC to PDRD and other neurologic
conditions and encourage research and educational efforts in this area.

As a relatively new application of PC, we would encourage other
investigators designing trials in this area to consider trials as an op-
portunity not only to evaluate clinical interventions but also as op-
portunities to forward methodological research. Challenges in the de-
sign of this trial included lack of standards in inclusion criteria,
intervention components, control condition, and outcome measures.
While we are comfortable with the rationale behind our design choices,
we are intentionally collecting data to address methodology for future
trials including: 1) Collecting reasons for inclusion and exclusion, in-
cluding qualitative input from site investigators, to evaluate the NAT-
PD; 2) Planning analysis of heterogeneity of treatment effects to further
optimize screening and eligibility criteria for future clinical and re-
search efforts; 3) Assessing the fidelity of our intervention using
checklists and patient/caregiver-perceptions of the most important as-
pects of this intervention using qualitative interviews; 4) Including
multiple secondary outcome measures including alternative means of
assessing patient QOL; and 5) Supplementing quantitative outcomes
with qualitative interviews.

This trial is innovative in its pragmatic design, allowance of tele-
medicine, focus on providing PC to community-dwelling patients in an
outpatient setting, and application of outcome measures to a mixed
PDRD population including persons with dementia to evaluate the
impact of PC. There are also several notable limitations to our trial. We
are not randomizing patients/caregivers with high and urgent PC needs
and thus may miss an opportunity to evaluate this intervention in
persons with potentially highest benefit. We are prohibited by PCORI
from evaluating economic outcomes or cost-effectiveness. While our
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utilization measures may provide some insight on this point, there are
better and more direct methods to answer these questions of im-
portance to healthcare payors and policy makers. This is a multi-
dimensional intervention and we do not have direct means of assessing
which components are most essential or effective to which patients.
Regarding our intervention phone calls, it could be argued that we
should have let patients to decide to opt out rather than leave it to the
discretion of our clinical team. Although not formally part of our care
team, some patients and families reached out to our study coordinators
with questions or to help arrange care and this additional layer of
support was not specifically captured but could influence satisfaction
and efficacy of care. Lastly, our intervention is based in academic
centers and may not translate to community practices where many
patients receive their care.

6. Conclusions

The summary conclusions of a recent international PD and Palliative
Care Working Group meeting funded by the Parkinson's disease
Foundation identified many areas where further research is needed to
forward this field [19]. Chief among these was comparative effective-
ness trials to determine whether this model of care results in improved
outcomes compared to current standards of care. Other items that are at
least partially addressed in this trial include clinimetric assessment of
potential outcome measures in PD, development of standardized
checklists for team-based care, assessment of a needs assessment tools,
and determination of patient and caregiver characteristics associated
with benefits of this model of care.

As a burgeoning field we would encourage others interested in ap-
plying palliative care approaches in neurology to consider clinical re-
search methodology outcomes in addition to their primary clinical
endpoints.
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