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Abstract

Disablement affects over 40% of patients with advanced stage cancer, devastates their quality of
life (QoL), and increases their healthcare costs. Proactively treating the causes of disablement;
physical impairments, pain, and immobility, can prolong functional independence, improve QoL
and, potentially, reduce utilization. However rehabilitation service delivery models are reactive in
nature and focus on catastrophic rather than incipient disability. A validated collaborative
approach, the three component model (TCM), optimizes important clinical outcomes and may
provide an ideal framework to overcome barriers to proactively integrating rehabilitation into
cancer care. A novel expansion of the TCM that targets disablement by engaging local physical
therapists to address physical impairments and immobility, the TCM-Rehabilitation Services
(TCM-RYS), benefits and is well received by patients. However, its effectiveness has not been
rigorously assessed. The 3-arm randomized COllaborative Care to Preserve PErformance in
Cancer (COPE) Trial compared: 1) enhanced usual care, 2) rehabilitation services targeting
physical impairments and immobility via the TCM-RS, and 3) TCM-RS pl/us conventional TCM
pain managemernt TCM-RS+Pain. Of the 516 participants, those randomized to arms 2 and 3
underwent an initial 4-week intervention period and were then followed for 6 months with remote
monitoring and monthly telephone calls. The trial’s primary outcome, functional status, and
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secondary outcomes were assessed at baseline, 3, and 6 months. Utilization was abstracted from
clinical records. By estimating the effectiveness and cost-utility implications of the TCM-RS and
TCM-RS+Pain, COPE will inform future delivery research, practice and policy in the means to
reduce disablement in chronically diseased populations.

1. Introduction

The COllaborative Care to Preserve PErformance in Cancer (COPE) trial was designed to
address a gap in clinical knowledge regarding the potential benefits and costs of proactively
delivering rehabilitation services to patients with late stage cancer and serious, progressive
hematological conditions. Although functional loss is nearly universal among patients with
advanced illness, relatively simple rehabilitation measures known to be effective in
preserving patients’ independence are almost never proactively included in their care.
Rather, they are typically delivered only after patients have lost so much function that they
often require costly and prolonged institutional-level care.1-2 The failure to address this gap
is striking since not only is functional decline most easily addressed early in its course, but
its neglect is linked to lost autonomy, shorter survival, poorer quality of life (QoL), and
increased health care utilization.1-34.5

The lack of a proactive approach to the care of patients with advanced disease is not unique
to their functional needs and parallels, for example, the historic under-treatment of mood
disorders. In fact, the recognition that depression was widely under-diagnosed and poorly
managed led to the development of collaborative telecare models that have proven capable
of delivering effective guideline concordant treatments for mood disorders and other adverse
symptoms such as pain in diverse populations. Until recently this model had not been tested
in a cancer population for whom function degradation, mood disorders, and adverse
symptoms are uniquely prevalent and problematic.

This situation changed in 2010 with the landmark Indiana Cancer Pain and Depression
(INCPAD) trial’s demonstration that the benefits of tele-collaborative care are robust in this
population.® Specifically, INCPAD delivered a collaborative care approach, the Three
Component Model (TCM),”~10 which focused on the pharmacological treatment of pain and
mood disorders via telecare and found that it significantly improved the patients’ pain and
depression relative to usual care in a clinically and cost effective manner.6:11

The INCPAD intervention offers many of the key ingredients needed to ensure the timely,
efficient, and effective delivery of functionally-directed rehabilitation services to patients
with cancer: patient-centricity, low cost, and broad geographic reach. The latter is
particularly critical since the specialists capable of delivering these services are
predominantly situated in tertiary/quaternary medical centers where barely 15% of patients
with cancer receive their care.1213 However, INCPAD’s focus on at-a-distance
pharmacological management is not directly generalizeable to the in-person interactions that
are frequently required for the delivery of rehabilitation services.

The collaborative intervention tested in the COPE trial was designed to retain the desirable
attributes of the INCPAD while adapting them to meet the unique exercise and physical
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activity requirements of rehabilitation. This adaption was accomplished by having physical
therapists specialized in cancer rehabilitation serve as fitness care managers and
coordinators, in lieu of nurses who were central in INCPAD and, in fact, collaborative care
in general. This is illustrated in Figure 1. As pain contributes to disablement and a barrier to
effective rehabilitation,14 we incorporated an arm that supplemented COPE’s
telerehabilitation efforts with TCM-based pain management program modeled on INCPAD’s
efforts.

2. Methods

2.1. Design and Overview

This 3-arm randomized, controlled trial was designed to test whether the proactive and
coordinated delivery of guideline-endorsed treatments to address the primary mediators of
cancer-related disablement, physical impairments, pain, and immobility, could preserve a
patient’s function, reduce health care utilization, and improve quality of life (QoL).
Enrollment began December 13, 2012 and was completed 38 months later on March 3,
2016.

Participants were randomly assigned to one of three arms as illustrated in the study schema,
Figure 2. Arm | served as an active control and involved what was termed “enhanced usual
care,” i.e., participants received their usual medical and oncological care with the addition of
twice monthly remote telephonic or web-based monitoring. The remaining two arms
assessed the COPE interventions. Arm |l consisted of the enhanced usual care of Arm |
augmented by the tele-delivery of TCM modeled rehabilitation services (i.e., “TCM-RS”).
This involved the coordination of rehabilitation services by a physical therapist (PT) Fitness
Care Manager (FCM); treatment and instruction in the cancer-validated Rapid Easy Strength
Training (REST) program (described in more detail below),1® and provision of a pedometer-
based walking First Step Program (FSP)16:17 by both the FCM and a PT who was local to
where the participant resided. Arm I11 was identical to Arm Il with the exception that it also
included the provision of TCM-based optimization of pain management (termed TCM-RS +
Pain). Participants were followed for 6 months.

The intervention schedule is outlined in Table 1. During the 4-week initial phases of COPE
Arms Il and 11, the FCM identified and supervised the management of physical impairments
with < 8 sessions of locally-administered PT, and immobility through the REST and
pedometer-based step programs. Pain in participants randomized to Arm Il was addressed
by a nurse Pain Care Manager (PCM) using a pharmacological algorithm validated in the
INCPAD trial.5-% Pain management in Arms | and 11 was at the discretion of participants’
oncology, hematology, or primary care team, who were provided participants’ e-PRO pain
ratings without further therapeutic guidance. In Arm 111, the care team also received the
patient pain e-PRO pain ratings but, in this case, accompanied with the PCM’s treatment
recommendations. As part of the enrollment process, participants identified which care team
(primary, hematologic, or oncologic) should receive their electronic-Patient Reported
Outcome (e-PRO) ratings based upon overall participant preference.
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The structure and incremental nature of the COPE study arms is depicted in Figure 3. All
participants underwent twice monthly automated telephonic or web-based assessments, per
their preference, to assess their function and pain. Function was assessed with a five item-
short form derived from the Activity Measure for Post-Acute Care (AM PAC).18.19 Pain was
assessed with the validated 3-item PEG pain scale derived from the Brief Pain Inventory.20
Pain scores from Arm | participants were provided electronically to participants’ oncology,
hematology, or primary care teams without collaborative care guidance. Data collected from
Arm Il participants were provided to the care teams as well as to the FCM who in turn
utilized the information to coordinate, optimize, and individualize participants’ PT, REST
exercise, and FSP pedometer programs. Data collected from Arm Il participants were
provided not only to the oncology, hematology, or primary care team and the FCM (as in
Arm 11) but also to the PCM, who suggested analgesic modifications to participants’ chosen
care teams.

The COPE trial utilized two independently operating TCM-based care delivery systems —
one addressed physical impairments and immobility (i.e., Arm 1I’'s “TCM+RS”) and the
other these functional issues as well as pain (Arm 111’s “TCM-RS+Pain”). Figure 3
illustrates the parallel operation of these systems. Separate administration was felt to be
essential in order to detect the specific effect of each approach. The basic structure of TCM
was expanded for the TCM-RS by adding a local PT who was essential to provide the in-
person care required to individualize the REST exercises and FSP in order to address
physical impairments and implement precautions, e.g., weight-bearing status for patients
with symptomatic pelvic or femoral bone metastases. The four providers of the TCM-RS
team were therefore the oncology, hematology, or primary care team; a PT FCM; a
supervising cancer-specialized Physical Medicine and Rehabilitation (PM&R) physician;
and a local PT. The relationships between these providers and the patient are represented in
Figure 1 which also reflects the FCM’s critical role as an intermediary between the patient,
their regular care team, the PM&R physician specialist, and the local PT.

The primary roles of the team members were as follows: 1) the FCM identified physical
impairments, coordinated care delivery, promoted adherence to the exercise program, and
adjusted the program as indicated per ongoing monitoring; 2) the local PT collaborated with
the FCM in identifying physical impairments, treating physical impairments, and
individualizing the REST and FSP programs, as required to address pre-morbid and cancer-
related impairments; 3) the PM&R physician supervised the FCM and provided advice on
complex or non-responding cases; and 4) the oncology, hematology, or primary care team
assisted the FCM with the implementation of local PT and, in Arm I11, pain management.
The pain-directed collaborative care of Arm Il was effectively identical to the TCM
approach utilized in the INCPAD trial.® TCM-Pain team members included the oncology,
hematology or primary care team, a nurse PCM, and a supervising physician pain specialist.

2.2. Participants and recruitment

A total of 516 patients with Stage I11C or IV solid tumors, multiple myeloma,
myelodysplastic syndrome, or Stage 111C or IV lymphoma were enrolled. All were required
to be manifesting pre-disability, defined as an AM PAC Computer Adaptive Test (AM PAC
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CAT) score of 53-66,2122 and having at least a 6-month anticipated survival. Patients within
2 months of a major surgical procedure or receiving neoadjuvant chemotherapy in
anticipation of cure-oriented surgery were not eligible. Participants were also required to be
fluent in the English language, have a Folstein mini-mental score > 25, and auditory acuity
sufficient to permit effective information exchange.

Exclusion criteria were developed to avoid the recruitment of patients unlikely to benefit
from rehabilitation services and included: a) pain or fatigue numerical rating scale scores >
8/10; b) paralysis of > 2 limbs; c) cerebellar ataxia; d) chronic (> 1 year) non-cancer pain of
either >5/10 severity or resulting in the patient applying for/receiving disability payments; €)
severe medical or psychiatric co-morbidities such as major depression or unstable angina
that could impede the rehabilitation process or produce symptoms not amenable to cancer-
related guidelines were also the basis for exclusion. Patients who endorsed anhedonia
underwent screening with the Patient Health Questionnaire (PHQ-9); those with depression
of moderate or worse severity (PHQ-9 >10) were ineligible.23

Potentially eligible patients who had attended at least 2 medical oncology or hematology
appointments at a Mayo Clinic Rochester, MN; Scottsdale, AZ; or Jacksonville, FL location
within the previous 6-months were identified using an electronic health record (EHR) search
tool. Queries using ICD-9 and -10 codes, text words, and appointment and provider type
were constructed and run at 3-month intervals to generate new lists of potential participants.
The electronic health records (EHRS) of identified patients (who per Mayo regulations had
indicated willingness for their records to be used for research) were manually reviewed to
ensure accuracy of cancer and hematological diagnoses and stages. Uncertainty regarding
diagnoses or prognoses was resolved through discussions with a patient’s oncology or
hematology provider.

Eligible subjects were mailed an opt-out post-card with a toll free call-in number, a
professionally designed brochure describing the trial, and consent/HIPPA forms. Patients
who mailed in signed consents were contacted within 3 business days by the trial’s study
coordinator. The study coordinator also contacted potentially eligible patients who had not
responded within 2 weeks to inquire about their interest in participating in the trial.
Receptive patients were screened for eligibility. Eligible patients were telephonically
enrolled once signed, printed consent and HIPPA forms had been received. Candidates who
were ineligible due to AM PAC CAT scores >66 were asked if they were willing to be re-
contacted in 6 months to reassess their eligibility.

2.3. Randomization

The study coordinator registered participants on the password protected Mayo Clinic Cancer
Center remote registration/randomization application. A dynamic allocation procedure
balanced the marginal distributions of the stratification factors (cancer type, presence of an
in-home caregiver, and gender, and baseline AM PAC CAT score and pain ratings) as part of
the patient study arm randomization procedures.?4 Rationales for these choices included the
fact that: 1) cancer type impacts rate of progression and symptom burden;2° 2) the
availability of an in-home caregiver reduces the risk of hospitalization and
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institutionalization;28 3) the willingness to report well-being differs across genders:2” and 4)
baseline functional status and pain correlate with subsequent disablement.28-30

2.4. Impairment- and Immobility-directed Intervention

The sequence of the COPE intervention’s initial (weeks 1-4) care delivery period and
subsequent monitoring phase (weeks 5 — 24) is outlined in Table 1. The Arm Il intervention
was initiated, coordinated and monitored by the FCM. The FCM contacted the patient and
conducted a scripted telephonic evaluation during the first week following randomization.
The call consisted of screening for physical impairments, identification of a convenient local
rehabilitation facility, development of a PT prescription, and the scheduling of the
participants’ initial PT visit. In addition, the FCMs helped participants to formulate
individual goals and to identify potential barriers to enhancing their physical activity. The
FCMs also introduced REST exercises and FSP pedometer program. The FCMs made
efforts to emphasize the linkage between a participant’s achieving their goals and their
regular performance of REST and adherence to their FSP targets. FCMs used motivational
interviewing (MI) techniques learned prior to the initiation of the study during two 1-hour
sessions with an Ml-certified psychologist. Standardized PT prescriptions were signed and
faxed to the local PT following review by the oncology, hematology, or primary care team.

The FCMs identified PTs situated near a participant’s home with experience in cancer
rehabilitation, ascertained through review of the American Physical Therapy Association’s
website, as well as other web-based resources.3! FCMs contacted the local PTs to explain
the COPE trial, introduce REST, and answer any questions they may have had prior to a
participant’s initial PT session. The COPE PT prescription included individualization of the
REST exercises and FSP, as well as the evaluation and management of any impairments
identified by the FCM during EHR review and/or their initial telephone contact with a
participant, as described below. The FCMs also alerted the local PTs of the relevant details
of participants’ cancer and cancer treatment, and precautions related to the presence of bone
or brain metastases, as well as other premorbid or treatment-related impairments. The local
PTs were provided access to a website with these materials and additional REST
instructions.

The local PT evaluation included a comprehensive function-oriented physical examination to
confirm the presence of physical impairments identified by the FCM, and to screen for
additional disabling flexibility, sensory, motor or coordination deficits. In addition, local PTs
instructed participants in the REST exercises as adapted to accommodate and address their
cancer-related and premorbid impairments. A maximum of 8 sessions, depending on the
patient’s needs, were permitted. If a local PT believed that more care was needed, their
requests to continue treatment beyond 8 sessions or to treat additional impairments were
reviewed on a case by case basis through a consensus process that included both FCM and
the PM&R physician.

The monitoring phase began in week 5 (i.e., after Arms Il and 111 had completed their 4-
week period of training) and extended for an additional 22 weeks. If a participant’s logging
of their REST exercises or step counts fell below the recommended weekly frequency, or if
they performed fewer than the recommended 4 REST sessions (2 upper and 2 lower
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extremity) per week for two consecutive weeks, they were contacted by the FCM.
Additionally, if a participant’s AM PAC score dropped by >1.5 point (the AM PAC CAT’s
minimally important difference (MID)),14 relative to their 41" week score, email alerts were
automatically sent to the FCM. The FCM contacted the participant by phone to identify
potential medical problems that might indicate the need for evaluation by their oncologist or
hematologist and new or progressive physical impairments. If the FCM believed that further
local PT treatments were indicated, they obtained the approval of the PM&R physician prior
to generating a PT prescription. The FCM responded to all participant-generated requests for
contact submitted via the remote monitoring system throughout the 6 month duration of the
TCM-RS intervention. In addition 1) the FCM met weekly with the PM&R physician to
review complex and non-responding cases; 2) the PM&R physician was available to the
FCM at all times to answer questions. A similar approach was used in Arm 111, but in this
case the PCM forwarded an optimized analgesic regimen to the patient’s primary care,
hematology, or oncology team in lieu of the mere relaying of pain data to the team that
occurred in Arms | and I1.

2.5. Intervention components to address impairments and immobility

2.5.1. Education—The FCM educated participants in the following: 1) the role of
exercise/physical activity in symptom management, 2) the benefits of REST, 3) the
consequences of cancer- and cancer-treatment-related loss of muscle bulk and power, and 4)
the implications of adverse symptoms experienced during physical activity/exercise.

2.5.2. Rapid Easy Strength Training (REST)—Rapid Easy Strength Training (REST)
was included to address participants’ immobility-related loss of lean muscle mass and has
been shown to improve functional status and reduce adverse symptoms in 3 RCTs of late
stage cancer.15:32:33 The program includes an upper and a lower body routine, each of which
consists of five exercises performed with resistive elastic bands. The REST routines can be
performed by patients with mild disabilities in <10 minutes and are grounded in established
techniques known to enhance the muscle quality and power of frail individuals.343° Local
PTs adapted the routines to accommodate participant fitness levels, impairments, and
cancer-related precautions. Participants were instructed to perform both routines, upper and
lower extremity, twice per week. The FCM assisted participants in increasing REST
intensity following a schedule that was based on strength training experience for cancer-
related fatigue.34:35 In general, participants began REST with 1 set of 12 repetitions for each
exercise using the level of resistance recommended by the local PT with the goal of
gradually increasing to 15 repetitions before advancing to an exercise band that offered
greater resistance. Participants logged their REST sessions in their print or web-based COPE
intervention manuals. Participants also received the REST DVD and the COPE intervention
manual which included detailed exercise instructions.

2.5.3. Pedometer-based step counting—The First Step Program (FSP) is a validated
pedometer-facilitated, walking regimen that is designed to increase the participant’s activity
levels and address their immobility-related loss of aerobic conditioning. The approach relies
on the theoretical principles of self-efficacy and social support and uses the common clinical
practices of goal-setting, self-monitoring and feedback.16:17 In the FSP, pedometers were
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used to establish baseline level of physical activity, show participants how many steps they
normally take in a given amount of time, and facilitate their personal goal-setting, self-
monitoring and feedback. Participants logged their step counts in their COPE intervention
manuals and reported them via the IVR or web remote monitoring systems. Pedometers use
correlates well (r’s =0.80-0.93) with more expensive accelerometers in controlled and field
conditions.36:37

2.5.4. Treatment of physical impairments—If FCMs identified physical impairments
during their telephone-based evaluation, they expanded the standardized COPE PT
prescription, which outlined the REST exercises and FSP, with treatment specifics based on
standardized, guideline-congruent PT treatment plans for the 20 most common physical
impairments detected in late stage cancer patients as developed by an expert panel of cancer
rehabilitation specialists under the auspices of the American Physical Therapy Association.
31 Common elements of these plans included impairment-specific: 1) therapeutic exercise to
address flexibility, strength, balance, and coordination deficits; 2) physical modalities; and
3) compensatory strategies for mobility and the performance of activities of daily living
(ADLs). As per conventional practice, and in accordance with established reimbursement
criteria, the local PTs developed treatment plans and completed session summaries after all
visits. The FCMs obtained and reviewed these documents to ensure that they were consistent
with participants’ original prescriptions, the REST framework, and care standards. Concerns
regarding the appropriateness of treatment were reviewed by both the FCM and the PM&R
physician specialist.

2.6 Pain-directed Intervention

Previous work suggested that =80% of the cohort would experience activity-limiting pain.t
Pain management in the trial’s Arm 111 mirrored that of the telecare approach validated in
the INCPAD trial.® More specifically, telephone-based pain management was delivered by a
nurse PCM trained in assessing treatment responses with standardized pain scales;
evaluating medication adherence; providing brief pain-specific patient education; and in
forwarding adjustments according to evidence-based cancer pain treatment guidelines to the
participant’s care team.%:38 The PCM contacted Arm |11 participants, see Table 1, during
week 1 to describe their role and to determine whether pain was an impediment to their
performance of REST or the FSP. The PCM met weekly with the physician pain specialist to
review cases.

The PCM assessed a participant’s current and previously trialed pain treatments, with a
focus on activity-related incident pain, to determine whether inadequate dosage, scheduling,
or adherence had been a problem. If pain was either perceived as problematic or rated =5/10,
the PCM recommended upward titration of the current analgesic with appropriate dosing
and scheduling, or trial of a novel analgesic. A pain intensity threshold of 5/10 for initial
intervention was selected since pain of this and worse intensity has been shown to
significantly interfere with patients’ functionality.3%-41

Changes in pain medication dosage/choice were made in accordance with the National
Comprehensive Cancer Network Cancer Pain Clinical Practice Guidelines as adapted for
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INCPAD.?426 The PCM was thoroughly trained in this guideline, and during the COPE trial
start-up and early enrollment phases consultation with the physician pain specialist occurred
for all Arm 111 participants.

Arm 1l participants who reported increasing levels of pain or exercise-associated pain to
their FCM were referred to their oncology, hematology, or primary care team. No analgesic
recommendations were provided to Arm Il participants as part of the COPE Trial
intervention, with the sole exception being recommendations to seek care from pain
specialists for refractory or complex pain that was unresponsive to first line therapies.

2.7. Assuring Fidelity of the COPE Arms Il and I

The PM&R physician (AC) 1) trained the FCMs extensively prior to starting the study; 2)
monitored the first 20 calls and reviewed the first 20 prescriptions with the FCMs; and 3)
discussed cases weekly with the FCMs to assure that their scripted telephone screening for
physical impairments and PT prescriptions were appropriate and reflected current best
practices. In addition, a second cancer PM&R physician audited 3 participants’ intervention
records per month for the first 2 years of the trial and provided feedback to the FCMs and
Dr. Cheville.

Measures to assure the fidelity of REST instruction by local PTs included: 1) provision of
REST specifics on a website; 2) telephone calls or email exchange from the FCMs to the
PTs to discuss the REST and FSP programs prior to a participants’ initial visit; 3) ongoing
availability of the FCM to answer questions, and 4) availability of the REST DVD content
and exercise instruction on a website. The FCM and the PM&R physician reviewed PT
treatment plans and session summaries in their weekly conferences.

Procedures to assure PCM fidelity to the NCCN guidelines included: 1) extensive training in
the pain guidelines by the INCPAD trialist (KK) prior to starting the study; 2) monitoring of
20 PCM calls by Dr. Kroenke with feedback; 3) weekly pain case management conferences
with the physician pain specialist (TM) during which subjects experiencing pain or
inadequately responding to treatment were reviewed; and 4) completion of a PCM checklist
for each telephone contact. A randomly selected 10% sample of all checklists was audited
over the 3.5 years of the Arm 111 COPE intervention delivery.

2.8. Enhanced Usual Care Arm

Participants randomized to enhanced usual care underwent baseline and monthly telephonic
or web-based assessments of their pain and function with these data being provided
electronically to their oncology, hematology, or primary care teams. No attempts were made
to influence their behavior. Some care teams had COPE Arm Il and 111, as well as enhanced
usual care participants (Arm 1) in their practices. However, numerous primary care
effectiveness trials have shown that there is little spillover of the intervention to usual care
patients in the absence of a collaborative care model 64345 As a result, contamination was
not considered a major concern particularly as any spillover that occurred would result in a
more conservative estimate of intervention effectiveness.
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2.9. Automated Symptom and Function Monitoring and Telephonic Care Management

All participants utilized an automated monitoring system created and maintained by
Interactive Performance Technologies® (IPT) that allowed self-reporting via either a
telephone-based interactive voice response (IVR) functionality or a web-based interface. The
system collected pain and function patient-reported outcomes (PROs) monthly from all
participants who chose a convenient day and time to receive their scheduled calls or email-
based reminders. Those not completing a scheduled assessment received an automated call/
email reminding them to initiate a call to complete the PROs. Participants also had the
capability to initiate toll-free calls or web entry in order to provide PRO information
between scheduled contacts and/or request a call back.

Arm 1l and 111 participants also used the IPT system to log their REST sessions and step
counts on a weekly basis. This capability was not available to Arm | participants. The
system concluded a logging session by providing automated “pop-up” messages that offered
randomly varying performance-matched encouragement and congratulations. Participants
who exceeded the recommended number of REST sessions received “pop-up” messages
advising them to attend to any exercise-associated discomfort and contact their FCM for
guidance in advancing their program. Participants were queried after recording their step
counts if they wanted to advance their FSP goal, with a 10% increase being suggested as a
target. The system also allowed Arm Il and 11 participants to leave a voice or text message
for their FCM, or to request a call back.

The IPT system also allowed the FCM and PCM to track participant interactions and to view
the trend of a participant’s self-reports over time in either a graphical or tabular format.
Criteria-based alerts triggered by predefined events and scores with notifications were
automatically emailed to the FCMs or PCM. Specifically, an AM PAC score drop of 21.5
points, established as the MID by our prior work,14 by an Arm 11 or 111 participant triggered
an FCM telephone call. REST and/or the FSP were modified, and/or additional local PT
sessions were prescribed contingent on the FCM’s assessment of the participant’s situation.
Pain intensity rating of > 5, in participants randomized to Arm Il1, triggered a PCM
telephone call for assessment and potential adjustment of the participant’s analgesic regimen
forwarded to their primary, oncologic, or hematologic care team as indicated.

2.10. Data Collection and Outcomes

Data sources included participants’ EHRs; the IPT automated monitoring system;
telephonically administered baseline, 3- and 6-month PROs; participant-reported care
utilization at 3- and 6-months; medical records describing hospitalizations and Emergency
Department visits at Mayo and non-Mayo institutions; and their local therapist PT
summaries. The following information was abstracted from participants’ Mayo Clinic
EHRs: demographics and education; medical comorbidities, and disabilities; and cancer
histology, staging, anatomical location, and treatment. Staging was based on the seventh
edition of the TNM classification of Malignant Tumors, introduced in 2009.46 Data were
abstracted to calculate a baseline Charlson Index.*’
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2.10.1. Patient-Reported Outcomes (PRO) and health information—Table 2
outlines the PRO collection schedule. Primary and secondary research outcomes were
collected telephonically at 3 and 6 months, independent of the IPT reporting system, by an
interviewer from the Mayo Clinic Survey Research Center (MCSRC) who was blinded to
study arm. Baseline outcomes were collected by the COPE trial study coordinator. The
outcomes included 15 items from the AM PAC Basic Mobility item bank administered via a
computer adaptive testing (CAT) platform (primary outcome) as well as the secondary
variables of the Eurogol 5-Dimensions (EQ-5D), the FACIT fatigue questionnaire,*8:49 the
Godin Leisure-Time Exercise questionnaire (GLTEQ),%%:51 the Linear Analogue Self-
Assessment (LASA) Scale for QOL,%2 and the Care Utilization Report (CUR). A total of 5
attempts were made to contact non-responding participants. Participants were compensated
$25 for completing the 3- and 6-month telephone interviews.

PROs used to direct the clinical intervention— pain, function, and REST/FSP adherence
data— were collected via the IPT telephone IVR/web-based self-reporting system as outlined
above. These latter PROs were the basis for monitoring the Arm Il and 111 participants’
adherence to the REST and FSP programs, as well as for triggering automated alerts to the
FCMs and PCM. Data collected by the IPT system included the 5-item AM PAC short form,
pain scores, and the weekly logging of the subjects pedometer step counts and REST
sessions. This data collection approach has been used successfully in several previous
studies, including the INCPAD trial.®

2.10.2. Specific PRO Measures

AM PAC Basic Mobility (BM): The AM PAC BM measure is currently the only function-
oriented computer adaptive test (CAT) that has both undergone extensive validation and has
been shown to discriminate across a broad range of functional abilities in patients with late
stage cancer.18: 1453 The basic mobility domain was established through Rasch,
confirmatory, factor, and modified parallel analysis.18:°* The AM PAC BM is responsive to
functional status changes in patients with late stage cancer with a MID of ~1.5.14

PEG: The PEG is a 3-item version of the Brief Pain Inventory (BPI) that has proven to be as
sensitive to change in treatment trials as the BPI itself and other longer pain measures.20:55
The BPI items included in the PEG are: average pain intensity (P), interference with
enjoyment of life (E), and interference with general activity (G). Brief Pain Inventory Short
Form (BPI-SF). The BPI-SF scale normally has 13-items, however the 2 items (degree of
relief from pain treatments and time to relief) that are not utilized to compute patients’
global pain scores were eliminated to reduce respondent burden.>® The BPI scale is a
multidimensional measurement tool with demonstrated reliability in patients with cancer as
well as other pain conditions®’.

FACIT fatigue: The FACIT fatigue is a 13-item questionnaire that assesses self-reported
tiredness, weakness, and difficulty conducting usual activities due to fatigue. It has been
validated and found to be responsive in diverse cancer populations.>®
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Euroqol -5D (EQ-5D): The EQ-5D is a widely used, well-validated instrument to assess

utilities.>® EQ-5D scoring was based on the U.S. weighting system developed by Shaw et a/.
60

Linear Analogue Self-Assessment (LASA) Scale for QOL: Single item linear analogue
QOL assessments have been utilized extensively in previous oncology trials.>2 LASAs were
rated on a scale from O (as bad as it can be) to 10 (as good as it can be). All scores were
subsequently converted to a 0-100 point scale for comparability.

Care Utilization Report (CUR): The CUR was used to record care utilization during the
prior 3 months and involved the use of direct requests, when appropriate, for a participant’s
outside medical records including: hospitalizations and rehabilitation/skilled nursing facility
institutionalizations, as well as visits to the emergency room, primary physician, oncology
care provider, and pain/symptom management specialists. CURs have been successfully
used in wide ranging populations including patients with cancer.51

Stanford Exercise Behaviors Questionnaire: This six-item questionnaire queries
respondents about the amount of time they spend engaging in specific types of physical
activity, e.g., stretching, bicycling, and offers 5 ordinal response options ranging from none
to more than 3 hours per week. The questionnaire has been shown to be valid in diverse
clinical populations including patients with cancer.52

Stages of change (SoC) guestionnaire: The SoC for exercise were assessed using the
physical activity staging questionnaire described by Nigg et al.53 Four questions that offer
binary response options classify individuals according to their intention to be physically fit
and their actual participation in in physical activity. The approach has been widely utilized
in cancer populations.54

2.10.3. Validation of health information—Information obtained from the CURs was
validated by collecting and reviewing health records to corroborate all emergency
department visits, hospitalizations, and office visits to primary and specialty providers.
Under reporting of health care utilization was estimated by ascertaining whether the 52
residents of Olmsted County, MN, who participated in the COPE trial omitted any episodes
of care from their CURs. Olmsted residents receive all their care at either Olmsted Medical
Center or the Mayo Clinic which allowed for the identification of visits and hospitalizations
missing from the CURSs.

2.11. Statistical Analyses

2.11.1. Sample size—The sample size was estimated using the subset of a standing
cohort of Stage 111 and IV lung cancer patients that had AM PAC CAT Basic Mobility scores
between 53 and 66, at least 6 months of follow-up, and at least 3 measurements in that six
month time period. A mixed effects model fit to this data gave an estimated standard
deviation for the key regression coefficient of 7.17/v/n where n is the number of subjects.
Formative work by our group estimated the minimal clinically important difference (MCID)
of the AM PAC CAT, among patients with advanced stage cancer, to be between 1 and 2.14
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Table 3 outlines the sample sizes needed to detect varying effects at alpha=.05 and power=.
8. Given the need to increase the sample substantially to allow for drop out, we selected an
effect of 1.85. To detect an inter-group difference of 1.85 for a one-sided test, the number
per group would be (g(.8) + q(.95))"2 (7.17/1.75)"2 = 93 participants per group, where q(x)
is the quantile function for a normal distribution. For a 2-sided test the sample size is (q(.8)
+q(.975))"2 (7.17/2)"2 = 118 per group. If we add further adjustment for 2 tests (Arm 1
versus Arm 2 and Arm 1 versus Arm 3) using the Bonferroni method this gives an alpha of
1/120 and leads to a sample size of (q(.8) + q(119/120))"2(7.17/2)"2 = 143 subjects per
group. The target sample was by 20% to 172 to allow for death and drop out given the ill and
disabled nature of the study sample.

2.11.2. Analytic Plan—All primary analyses will be intention-to-treat and will analyze
each subject regardless of their adherence to recommended intervention activities. The
primary outcome will be based on difference in AM PAC CAT scores between enrollment
and month 6 between the groups. We will apply standard diagnostic techniques to assess
model adequacy.% A key assumption for regression modeling is the absence of outliers in
either the response or predictors. The primary predictors, e.g., treatment arm, age, are known
to be well behaved a priori, the primary and secondary outcome variables may, however,
have a highly skewed distribution due to subjects with a large deficit at end of life. We will
tabulate the presence of such values, by treatment arm, and then repeat the analyses using
rank(y) as the response to verify that tests or estimates are not adversely affected. Given the
sample size it will require a significant number and/or imbalance of extreme values to have a
major impact.

Missing data due to dropout and/or death will be addressed by comparing participants across
the study arms with missing and observed outcomes with respect to baseline characteristics
in order to gauge the missing data mechanism (e.g., missing at random vs potentially
significant). We will utilize sophisticated sensitivity analyses®6:67 to determine the
robustness of study results and conclusions. For example, in addition to multiple imputation,
we will assume that outcomes among participants with missing data were among the lowest
decile, quartile, etc. We will use modern techniques for multiple imputation to generate
predicted values for missing outcomes and incorporate them into the primary analyses,
presenting these results with those of the analyses using ranks and raw data. If assessments
of missingness do not indicate a non-random mechanism, and if the degree of missingness is
less than 15% and equally distributed across all study arms, then analyses using the raw data
will be our primary analysis.

Secondary outcomes including PEG, GLTEQ, FACIT Fatigue, LASA, and EQ-5D, will be
analyzed in a manner similar to that of the primary analysis. We will use adherence variables
(logged pedometer step counts and REST sessions) by time interactions to assess whether
change in AM PAC CAT differs based on participants’ "dose” of TCM-RS components to
identify potential mediators of TCM-RS benefits. In addition, we will examine moderator
effects to assess whether participant demographic (age, gender, pre-enrollment exercise
patterns) and clinical (cancer/hematological condition type and stage, presence of
metastases, comorbidities) were associated with intervention response as measured with the
primary and secondary outcomes.
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To assess differential health care utilization between the study arms, counts of emergency
department visits, hospital days, and admissions to post-acute care facilities will be included
as dependent variables in Poisson, zero-inflated Poisson, or negative binomial models
depending on the frequency of service utilization. All analyses will be performed using SAS
version 9.2 (SAS Institute, Cary, North Carolina)

A societal perspective will be adopted for the cost-utility analysis. The net cost of the
interventions includes the cost of 1) developing and maintaining the IPT monitoring system,
2) local PT sessions, 3) REST-related supplies, 4) the FCM’s and PCM’s time in monitoring
and responding to patient symptoms, 5) the PM&R and pain management physicians’ time,
less any medical care cost savings derived from the effectiveness of the intervention. The
potential cost savings from reduced medical care will be determined by difference in
utilization as reflected in clinical records. Utilization outside the Mayo Clinic Health System
will be monitored via the CURs, and billing records obtained with costs estimated using
Medicare unit prices.

3.1. Participants

Of the 516 participants enrolled, 41 (7.9%) died while on study, 31 (6.0%) dropped out, and
3 (0.6%) were lost to follow up. Table 4 lists the characteristics of the total study cohort.
Patient characteristics were similar among the 3 arms.

3.2. Usability of the IPT IVR and web-based self-reporting system

At least one IPT survey was completed by 163 (95%), 160 (93%), and 160 (93%) members
of Arms I, 11, and 11, respectively. In all, 5001 surveys were completed over the course of
the COPE trial. The total number of surveys and the proportion of web-based (versus IVR)
surveys for Arms I, 11 and I11 were 1648 (66%), 1721 (74%), and 1632 (69%), respectively.
More participants from all study arms who completed IVR surveys did so in an “outbound”
manner such that the IPT system initiated the scheduled call. Among Arm | participants, 321
of 554 (60%) IVR calls were “outbound,” while among Arm Il and 111 participants,
respectively, the proportion of outbound calls were 218 of 454 (48%) and 345 of 504 (68%).
Over the course of the study 579 calls were triggered by the IPT system from the FCMs
(437) and the PCM (142) for non-adherence or concerning changes in function and/or pain.

Although not formally recorded, a majority of participants reported little to no difficulty in
inputting their information. A majority (83%) required minimal direction in how to use
either the website or IVR system. Among the quarter of participants less versed in IT, half
required a few sessions with either the study coordinator or their FCM to master data entry.
Over the course of the study 579 calls were triggered from the FCMs (437) and the PCM
142 for non-adherence or concerning changes in function and/or pain.

3.3. Intervention adaptations

The original design was to have Arms Il and I11 function entirely separate from one another,
however this proved logistically infeasible. However, declines in function and increases in
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pain were highly correlated which resulted in Arm 11 participants often receiving duplicate
calls from the FCMs and PCM for episodes of worsening pain and declining mobility. The
participants found these redundant and burdensome. Therefore, based on qualitative data, the
decision was made within the first two months of COPE intervention delivery to integrate
the FCM- and PCM-based interventions for Arm I11. This involved creating shared
dashboards for these participants, and developing a system by which the FCMs and PCM
coordinated efforts to respond to alerts. If the change in pain was more concerning then the
PCM responded. Conversely, if the decline in function was larger, then the FCM responded.
Communication via the IPT dashboard, email, telephone calls, and in-person discussions
occurred regarding Arm Il participants between the FCMs and PCM, with mode depending
on the degree of change and acuity of need. Thus, rather than the clean separation between
Arms Il and Arm 111 suggested by Figure 2, a hybrid approach that involved extensive
coordination characterized the Arm Il intervention.

3.4. Tolerability of the COPE intervention and adverse events

A noteworthy finding in Arms Il and 111 was the resistance of many patients regarding the
need to attend at least one local PT session. Many participants expressed a strong preference
to simply perform the REST exercises independently. Ultimately 30.2% (N=104) of Arms Il
and Il participants did not attend a local PT session. Of note, anecdotally, virtually all
patients who attended local PT sessions reported that the sessions were useful and most led
to modifications of their REST program.

All Arm 11 and 111 participants were, with the assistance of the FCMs and the REST DVD,
able to mimic the REST exercises independently, prior to their first local PT session; the
FCMs needed to modify the programs for 65% of the participants due to the presence of
known bone metastases or premorbid musculoskeletal conditions. Pain and fatigue were the
most common barriers to REST performance. The FCMs anecdotally noted that most
participants preferred the FSP component of the trial to REST, and that if a participant’s
adherence waned it was overwhelmingly in REST performance rather than in the FSP. Over
the course of the study, 22% of Arm Il and 111 patients either temporarily or permanently
stopped their exercise programs due to medical reasons.

Hospitalizations, as well as the initiation of aggressive cancer treatment regimens, often
caused setbacks for Arm 1l and 11 participants in terms of their ability and willingness to
perform REST and, were generally associated with reductions in their step counts. The trial
protocol did not specify a structured reduction in exercise intensity or frequency in the event
of increased medical morbidity or treatment toxicity. Rather, FCMs helped participants
negotiate their disappointment at their loss of fitness; adapted REST and FSP to
accommodate reduced strength and balance; and used motivational interviewing to help
participants to reframe their goals and re-engage in their programs. The FCMs frequently
received unsolicited feedback from participants expressing their appreciation for their
support and patience. Many participants, in fact, were disappointed if their FCM was unable
to contact them as scheduled.
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3.5. Pain-directed treatment

All COPE trial participants, including those in the pain intervention Arm 111, reported less
intense pain on average than the cohort of patients with Stage 111 and IV lung cancer whose
data were used to power the trial. Average baseline pain was 2.4 in all study arms, with
rating ranging from O to 8 in Arms | and Il, and from 0 to 9 in Arm I11. Over the course of
the trial the PCM made 235 calls to Arm Il participants for pain-related issues, not
including the initial introductory call to explain the PCM role. Because an interface between
the FCM and PCM was permitted for Arm Il participants, pain management
recommendations were more function-targeted than they might be in other situations.

3.6. Interaction with oncology, hematology, and primary care teams

Non-protocol, spontaneous interactions between the trial team and the participants’
oncologic, hematologic, and primary care teams were minimal. However, participants’
frequently expressed reassurance regarding the fact that their care teams were aware and
involved. Roughly 10%, per FCM estimation, of Arm Il and Arm 111 participants expressed a
strong preference that their oncology or hematology care team be included in decisions
regarding the initiation and upward titration of their exercise programs.

On only two occasions were participants advised by their oncology care teams not to
perform the REST exercises and FSP. These recommendations were generally precipitated
by a participant’s development of new bone metastases or unexplained pain. On one
occasion, a participant was advised by their medical oncologist that exercise was not
necessary. The responses of oncology/hematology/primary care teams to information from
the IPT self-monitoring system regarding participants’ pain and function varied. Most did
not respond at all. On 2 occasions, teams expressed annoyance at the information, generally
via email, and requested that it not be sent. A few, roughly 5%, expressed appreciation and
reported that they found the information to be clinically useful.

4. Discussion

The COPE collaborative care trial is the first to focus on maintaining physical function in
patients with advanced stage cancer and hematological conditions. It is also unique in its
addition of a face-to-face component (i.e., local PTs) to the TCM, and to engage specialist,
tertiary-center based PTs in lieu of nurses as the nexus for care coordination. In addition, the
trial’s design was spurred by several recent findings relevant to its interpretation. First, a
majority of patients with cancer and hematological conditions prefer to exercise at home
without the need for additional visits to health care facilities/providers.58-72 Although some
published reports of this preference for home-based exercise preceded our trial, an
increasing frequency since the trial’s start make the decision to emphasize remote web- and
telephone-interfaces an important and patient-centric dimension of the COPE intervention.
Second, provision of PRO scores directly to clinicians in the absence of collaborative care
support appears to result in little to no impact on their care.”3=7> Third, the lack of impact of
depression screening and the provision of functional information to clinicians at the point of
care documented in other studies,’® served as a justification for use of our trial’s “reporting
only” Arm | as the control condition.
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4.1. Unexpected Findings and Barriers

The ambivalence of roughly half the Arm 11 and 11 participants regarding attending at least
one out patient PT session was striking and, with hindsight, perhaps not unexpected. The
trial requirement that participants’ insurance cover the cost of outpatient PT along with any
necessary co-payments proved to be a disincentive. For this reason, after two participants
refused PT due to co-payments, the decision was made that the COPE trial would cover all
Arm 1l and 111 participants’ co-payments. While this measure was needed to optimize
intervention integrity, it constrains the external validity of our findings. Ultimately, 30% of
Arm Il and 111 participants did not attend PT. Consistent with reports,8 participants cited
inconvenience, a perception that they “already knew how to exercise,” and the competing
demands and expense of other medical care.

Techniques to encourage participants to attend PT were moderately successful. These
included the FCMs noting that other participants had found the PT sessions beneficial and
that their attendance would enable participants to individualize their exercises to ensure that
they performed them safely and received the greatest return on their investment of time and
effort. Many participants, even those who initially expressed strong ambivalence, ultimately
valued their PT experiences and requested to continue beyond the study’s 8 sessions.

The reluctance of participants to attend PT contrasted starkly with their willingness to
engage with the FCMs by telephone, particularly once a relationship had been established,
as well as their enthusiasm despite high levels of medical morbidity for the FSP and, to a
lesser extent, the REST exercises.

Our efforts to communicate IPT-collected pain and function information to the oncology,
hematology and primary care teams, for the most part, elicited minimal response. A
common reaction was uncertainty regarding how to interpret/respond to the data since its
delivery was not linked to a scheduled visit. Two clinicians requested that no further reports
be sent to them. This response is not surprising given the high work load and burnout
detected in over half of physicians,’’ and the fact that, despite our efforts to contextualize
the scores, their relevance to near-term clinical care was not always clear. Data were not
collected regarding treatment alterations prompted by reporting to the oncologic,
hematologic, and primary care teams. However, most were receptive and appreciative of the
FCMs’ and PCM’s efforts to coordinate and enhance their patients’ supportive care. In light
of the anticipated increasing shortage of oncologists and hematologists,’8 the acceptance of
clinicians for PRO-related information is likely to shrink and their need for collaborative
supportive care to grow.

A notably positive finding was the usability of IPT 1\VVR and web-based reporting system for
patients with advanced stage cancer and hematologic conditions: about 80% of participants
chose to report via the IPT website. Those that chose the telephonic IVR system found it to
be usable and did not report difficulty in inputting their information. A majority of
participants required minimal direction in how to use either the website or IVR system.
However, those less versed in IT, roughly 25%, required several sessions with either the
study coordinator or their FCM to master data entry. Several participants expressed
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annoyance at being repeatedly contacted by the IPT system, particularly those who used
IVR, but for the most part this was not perceived as an issue.

4.2. Conclusion

Although main effects results from the COPE trial are pending, it appears that the trial
successfully leveraged the lessons learned from a highly successful model of collaborative
telecare in depression and pain management to address the heretofore highly neglected
functional losses of people with late stage cancer and hematological conditions. The COPE’s
incorporation of collaborative telecare was able to connect the expertise concentrated in
tertiary and quaternary cancer centers to provide consistent access for even the most
remotely located patients to tailored, personalized, and validated treatments designed to
improve their mobility, strength, pain control and independence.
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Figure 1.
The Three Component Model adapted to include local physical therapists for the COPE trial.
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Table 4

COPE trial participants’ demographic and clinical characteristics

Total
(N=516)

Age

Mean (SD) 65.6 (11.1)
Gender

Female 257 (49.8%)
Marital Status

Married 404 (78.3%)

Widowed 33 (6.4%)

Divorced 35 (6.8%)

Single 37 (7.2%)

Separated 1(0.2%)

Partnered 6 (1.2%)
Non-clinical caregiver

In home - w/o disability 511 (99.0%)

In home - disabled 4 (0.8%)

None 1(0.2%)
Race

White 492 (95.3%)

Black or African American 5 (1.0%)

Native Hawaiian or Other Pacific Islander 1(0.2%)

Asian 2 (0.4%)

Not reported: patient refused or not available 11 (2.1%)

Unknown: Patient unsure 5 (1.0%)
COPD or Asthma

Yes 11 (2.1%)
Bone metastasis

Missing 1

Yes 264 (51.3%)
Coronary Artery Disease

Yes 64 (12.4%)
Chronic LBP

Yes 107 (20.7%)
Inflammatory arthopathy or autoimmune conditions

Yes 67 (13.0%)
Joint Replacement

Missing 1

Yes 53 (10.3%)
Chemotherapy-induced neuropathy

Yes 112 (21.7%)

Osteoarthritis
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Total
(N=516)
Yes 44 (8.5%)
Radiculopathy cervical or lumbar
Yes 23 (4.5%)
Spinal stenosis
Yes 17 (3.3%)
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