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Abstract
Commercially available physical activity monitors provide clinicians an opportunity to

obtain oncology patient health measures to an unprecedented degree. These devices can

provide objective and quantifiable measures of physical activity, which are not subject to

errorsorbiasof self-reportingorshorterdurationof formal testing.Priorworkonso-called

quantified-selfdatawasbasedonolder-generation, research-gradeaccelerometers,which

laid the foundation for consumer-based physical activity monitoring devices to be

validated as a feasible and reliable tool in patients with cancer. Physical activity monitors

are being used in chronic conditions including chronic obstructive pulmonary disease,

congestive heart failure, diabetes mellitus, and obesity. Differing demographics,

compounded with higher symptom and treatment burdens in patients with cancer, imply

that additional work is needed to understand the unique strengths and weaknesses of

physical activity monitors in this population. Oncology programs can systematically

implement these tools into their workflows in an adaptable and iterative manner.

Translating large amounts of data collected froman individual physical activitymonitoring

device into clinically relevant information requires sophisticated data compilation and

reduction. In this article,we summarize the characteristics of older- andnewer-generation

physical activity monitors, review the validation of physical activity monitors with respect

to health-related quality-of-life assessments, and describe the current role of these

devices for the practicing oncologist. We also highlight the challenges and next steps

needed for physical activity monitors to provide relevant information that can change the

current state of oncology practice.

INTRODUCTION
The adoption of modern-day wearable
monitors has contributed to the idea of the
quantified self, where individuals can track
and store measurable health parameters.
This can provide oncologists an opportunity
to obtain patient health measures, particu-
larly related to physical activity, to a de-
gree not previously possible. Commercially
available monitors can measure multiple
parameters, including steps taken, active
minutes, pulse oximetry, and heart rate as
well as variables related to sleep, posture,
and gait. Accurate assessment of physical

activity is essential in patients with cancer,
and wearable physical activity monitors
can help oncologists make management
decisions and evaluate the suitability and
effects of therapy. Commercially available
physical activity monitors are being rap-
idly adopted by patients and researchers
and have the potential to greatly improve
our ability to quantify physical activity
in patients with cancer. Prior work on
quantified-self data was based on older-
generation, research-grade accelerometers,
which laid the foundation for consumer-
based physical activity monitoring devices
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to be validated as a feasible and reliable tool in patients with
cancer. Translation of what is known about the application of
physical activity monitors in the nononcology world will need
validation in patients with cancer, who have significant symp-
tom burden, including fatigue, depression, stress, weight loss,
anorexia, and neuropathy.1 Patients with cancer are also typi-
cally older and may be less technologically literate.

Clinical and research programs should prepare to sys-
tematically implement these devices into theirworkflows in an
adaptable and iterative manner. In this article, we summarize
the characteristics of older- and newer-generation physical
activity monitors, review the validation of physical activity
monitors with respect to health-related quality-of-life (QOL)
assessments, describe the current role of physical activity
monitors for the practicing oncologist, and highlight the next
steps needed to integrate these devices into the modern
oncologist–patient relationship.

OVERVIEW OF PHYSICAL ACTIVITY MONITORS
Previous-generation accelerometers were limited by their

complexity, and their application was largely confined to the
research setting. As technology becomes more ubiquitous,
wearable devices are more commonly being used across all
patient populations, warranting a formal study of their ap-
plication in oncology. Wearable consumer-based physical
activitymonitorsaresmalldevices thatarewornbyattachingto
the body or clothing. These devices provide objective and
quantifiable measures of physical activity, which are not
subject to errors or bias of self-reporting or shorter duration of
formal testing. Although traditional pedometers are able to
measure step count, they lack comprehensive representation
of physical activity. Modern physical activity monitors
provide measures beyond step count, such as variability,
minutes and intensity of activity, energy expenditure, and
posture (eg, hours spent sitting, standing, or lying down per
day).2 Recent studies have shown that sedentary behavior can
influence health significantly, and measures beyond just
moderate and vigorous physical activity can affect health.
Although the measured variable of interest can vary based on
the primary objective being explored, the ability to differ-
entiate even slight variations in activity with modern devices
can be important and relevant.

These devices continue to rapidly evolve, making it im-
perative to harness their potential to provide useful informa-
tion. Newer-generation physical activity monitors offer multiple
technologic advantages over older-generation devices, including

wireless updates with computers or smartphones, improved
battery life and increased aesthetics, and ease of daily use and
passive data collection. Validation studies comparing the
accuracyof commercially availablephysical activitymonitors
with older-generation accelerometers have demonstrated
high correlation in younger and older adults.3,4 Modern
devices have shown high levels of accuracy in monitor-
ing physical activity.5 Discrepancies between physical activ-
ity monitors occur as devices measure data using different
technologies and process data using unique algorithms.6

Studies have suggested consumer-based physical activity
monitorsmay report a higher number of steps per day, which
reflects the sensitivity threshold of the specific devices.4,7,8

Steps are often measured using a three-axis accelerometer with
specific algorithms designed to include real steps but exclude
nonstep movements. Heart rate and sleep measurements are
newer concepts that are being standardized.6,9 Depending on the
objectiveof incorporatingphysical activitymonitors intoclinicor
research processes, some devices may therefore be better suited
than others, and understanding those nuances is critical before
implementation.

SPECIFIC ROLE OF PHYSICAL ACTIVITY MONITORS IN
ONCOLOGY
Oncology investigators and providers often use clinical and
functional status measures to evaluate treatment and disease
symptom burdens (Fig 1). Standardized scales are used to
classify therapy- and disease-related toxicities by assigning
grades based on clinical descriptions of severity, need, or level
of required intervention or hospitalization and the patient’s
ability to perform activities of daily living.10 The strength of
these grading systems is in their ability to accurately classify
adverse events that rely on numeric variables (eg, cell count or
level of transaminases). However, there may be a disconnect
between patient and provider perceptions of reported symp-
toms such as fatigue, malaise, and pain, which are subject to
individual patient and provider interpretation and reporting as
well as recall and reporting biases.11,12 In one study, patients
with cancer participating in a lifestyle intervention during
chemotherapy self-reported 366% higher levels of physical
activity compared with objective measures.13 Physical ac-
tivity monitors can therefore identify at-risk patients with
suboptimal performance, which is the first step in targeting
interventions aimed at increasing physical activity. Clini-
cians and clinical trial investigators do not currently have
tools to accurately assess or report the functional status or
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impact, whether positive or detrimental, of cancer therapy
on activity.Most trials, including large phase III randomized
studies, depend on functional assessment scales as surro-
gates for levels of physical activity. Commonly used scales,
such as the Karnofsky performance status (PS) and Eastern
Cooperative Oncology Group (ECOG) PS scales, have
evolved into generally accepted tools for clinical care in
assessing physical activity level, prognosis, and tolerabil-
ity of therapy and even for determining clinical trial
eligibility.14,15 These scales are generally reproducible but
have low associations with QOL and symptom measures.16

Although there is acceptable agreement in comparing good
(ECOG PS, 0 to 2) versus poor (ECOG PS, 3 to 4) functional
statuses, interobserver agreement is lost when making ob-
servations with higher resolution (eg, ECOG PS, 0 v 1 v 2).17

In part because of the lack of accurate assessment of tol-
erability, some therapies deemed to be effective in clinical
trials have not seen broad adoption in clinical practice as a
result of poorer-than-expected treatment tolerance in the
real world.18,19 Physical activity monitors may be able to
provide a more accurate measure of functional status, thus
guiding therapy and eligibility in clinical trials. Patient-reported

outcomes have been adopted in oncology clinical trial
designs in the form of treatment- and disease-specific
tools.20-23 These tools may not accurately reflect the
fluctuation of symptoms between visits and can be
compromised by missing data and user fatigue, which can
pose a challenge in assigning clinical meaningfulness of the
obtained data. Physical activity monitoring devices, however,
can be worn for extended periods of time, allow relatively
automated passive data capture, and therefore provide more
clinically relevant longitudinal data.

Physical activity has been associated with improved out-
comes in patients with cancer across pooled studies.24 Higher
levels of physical activity have been reported to decrease both
cancer mortality and recurrence rates.25 Physical activity
monitors can also increase levels of physical activity among
patients with cancer (Fig 1). Exercise can be safely undertaken
by patients with cancer and can improve both cancer- (eg,
mortality and risk of recurrence) and patient-reported out-
comes (eg, QOL and fatigue). Providing physical activity
monitors to patients with early-stage breast cancer along with
weekly wellness coaching led to increase in physical activity
and improved mental health and QOL scores.26 Physical

Application of commercially available physical activity
monitors in oncology

Evaluate physical activity of patients enrolled in
clinical trials

Adjust for physical activity in clinical trials

Supplement existing quality-of-life tools

Measure interventions to increase physical
activity

Evaluate functional status to guide and monitor
therapy

Identify at-risk patients not engaging in
physical activity

Measure sleep, posture, vitals, and energy
   expenditure

Pre- and postoperative rehabilitation

Motivational tool to increase physical activity

Build an online community

Supplement benefit of existing tools to increase
physical activity

Clinical setting Research setting

Cancer survivorship

FIG 1. Current applications of commercially available physical activity monitors in oncology.
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activity monitors may act as motivational tools and improve
levels of physical activity via self-monitoring and feedback.27

Supplementing physical activity monitors with reminder
systems, such as text messages and telephone-based coun-
seling, can further improve outcomes.28,29 In one study, 377
patients with breast cancer were randomly assigned to
receive physical activity print materials, a pedometer, or
both. The combined intervention (ie, printed materials and
pedometer) achieved maximum improvement in QOL mea-
sures and fatigue at 12 weeks.30 Pilot studies have successfully
assessed the feasibility of usingmobile health components
(ie, self-monitoring of selected dietary behaviors via
daily text messages andwireless devices to automatically track
weight and steps) for weight management in overweight sur-
vivors of breast cancer.31Modernmonitors are expanding their
scope and can measure non–activity-related variables, such as
sleep, posture, and vital signs, which have been recognized to
both represent and affect health outcomes. Trials evaluating
whether physical activity monitor–based interventions can
improve cognitive outcomes in sedentary survivors of breast
cancer with self-reported problems with cognition are under

way.32 Physical activity monitors may be a valuable outcome
measure and validation anchor in clinical research, as dem-
onstrated in a trial of 32 hematopoietic stem-cell transplant
recipients, where more severe symptoms, impaired physical
health, and restrictions in the performance of usual daily ac-
tivities were associated with statistically significant decrements
in objectively measured daily steps.33

Physical activity monitors have demonstrated their utility
in rehabilitation among patients with congestive heart failure
(CHF).34,35 This application of physical activity monitors
extends into the oncology setting as well. In a systematic
review and meta-analysis of 21 studies, prehabilitation and
increased physical activity before surgerywere associatedwith
reduced length of stay and improved postoperative status in
patients undergoing surgery,36 and this has been demon-
strated in patients undergoing surgery for colorectal or
prostate cancer as well.37,38 Thus, a potential application of
physical activity monitors is to provide telemonitoring and
prehabilitation services to patients preparing to undergo
major cancer surgery, especially in rural areas.39,40 The benefit
of physical activity monitor–based rehabilitation pro-
grams may extend to the postsurgical setting as well, even in
patients receiving adjuvant chemotherapy.41 Pedometer-
based walking programs have also been demonstrated to
be a feasible way to improve objective measures, such as the

6-minute walk test, and subjective measures, such as
happiness (measured by the Oxford Happiness Question-
naire) in survivors of breast or head and neck cancer.42

Physical activity monitors may also play a role in cancer
survivorship; in a study of 46 adult survivors of childhood
cancer, the stimulation of daily physical activity using
exercise counseling and a pedometer over 10 weeks led to a
significant decrease in fatigue, and this benefit lasted more
than 3 years.43

PRIOR USE OF PHYSICAL ACTIVITY MONITORS IN
OTHER CHRONIC MEDICAL CONDITIONS
In 2011, the Centers for Disease Prevention and Control re-
leased its first-evermanual studying the use of physical activity
monitors, which established the framework for use of these
devices inmultiplemedical conditions.44 Efforts to recognize
the most relevant physical activity monitor variables asso-
ciated with health outcomes have been ongoing in chronic
obstructive pulmonary disease (COPD), CHF, and chronic

kidney disease.45-47 The Proactive Project has identified and
attempted to validate physical activity monitors in several
chronic health conditions, including COPD, CHF, type 2
diabetes, primary pulmonary hypertension, chronic lower
back pain, fibromyalgia syndrome, and obesity.48 Acceler-
ometers were able to accurately predict performance and
even provide additional data compared with the 6-minute
walk test in a study of patients with CHF.49 Newer implanted
cardioverter defibrillator devices have accelerometers
implanted in them, and trials using these internal physi-
cal activity monitors are under way in patients with ad-
vancedCHF.50Ameta-analysis of randomized trials reported
significant improvements in several health markers, in-
cluding mean steps per day, with use of physical activity
monitors and physical activity monitor–based counseling
in patients with type 2 diabetes mellitus.50 Patients under-
going physical activity monitor intervention also had sig-
nificantly lower hemoglobinA1c levels, bodymass index, and
systolic blood pressure. In a study of patients with COPD not
undergoing rehabilitation, an outpatient pedometer-based
exercise counseling program enhanced daily physical ac-
tivity, physical fitness, health-related QOL measures, and
intrinsic motivation.51 The benefit of physical activity
monitor–based counseling has also been shown to be
complimentary to established pulmonary rehabilitation
programs in COPD.52 Physical activity monitors may thus
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be used to augment existing programs for increasing activity
in oncology patients as well.

Feedback from physical activity monitors has led to im-
proved levels of activity in elderly patients, which is especially
pertinent in oncology patients, who tend to be older than the
generalpopulation.53On the opposite endof the age spectrum,
Lu et al27 assigned survivors of childhood cancer to wear a
physical activity monitor daily for 6months. Retentionwas
79% at the end of the study, and on the basis of motivational
feedback, levels of total weekly moderate to vigorous physical
activity increased from265.6 to 301.4minutes. Use of physical
activity monitors was associated with increasing step count
and reduced fatigue (correlation coefficient between steps per
day and fatigue,20.66) in children with acute lymphoblastic
leukemia undergoing corticosteroid pulse.54

PRIOR VALIDATION OF PHYSICAL ACTIVITY
MONITORS IN ONCOLOGY
Previous-generation accelerometers provided a valid and re-
liablemeasure of activity in oncology, but their use was largely

limited to the research setting. One study used accelerometers
in patients undergoing surgical resection of GI cancers and
demonstrated that objective physical activity scores correlated
significantly with disease stage, functional status, and QOL.55

In this study, accelerometer data revealed patients with early-
stage disease had higher levels of activity compared with
patients with advanced disease. There was a high rate of
correlation betweenECOGPS and time active and steps taken,
and these variables alsodifferedbetweenECOGPSof1versus2.
Physical activity as measured by the devices also correlated
with mean Karnofsky PS and the physical and role domains
of the European Organisation for Research and Treatment of
Cancer QOL Questionnaire–C30. Physical activity measures
by wearable devices may serve as an important outcome for
medical care and research end points. In a study of women
with breast cancer receiving chemotherapy, temporal changes
with longitudinal follow-up in accelerometer data corre-
latedwith changes in fatigue,mood, anddepressionasmeasured
by validated tools including the Fatigue Symptom Checklist,
Multidimensional Assessment of Fatigue, Profile of Mood
States, Center for Epidemiologic Studies Depression Scale,
and Hamilton Depression Inventory.56 In another prospective
study, 100 treatment-näıve patients with cancer wore an ac-
celerometer before their oncology office visit.57 A significant
inverse association between objectively measured activity and
ECOG PS was reported. Accelerometer-assessed activity was

able todifferentiate patientswith clinician-assignedECOGPSof
0 from those with ECOG PS of 2 to 3 but not from those with
ECOG PS of 1. This lack of ability to differentiate ECOG PS of
0 from 1 despite using monitored data could reflect limitations
of PS scales like the ECOG scale that are inherently prone to
over- and underestimation by clinicians. In this study, older
patients were assigned poorer ECOG PS compared with
youngerpatients despite similar levels of activity,which couldbe
explained by provider bias. Additionally, monitored data can
also lose their reliability as a result of patient compliance
or systematic bias introduced into the databases via the
reduction algorithm used in the study. Increased aesthetics
and comfort, paralleled with increasing affordability, can
allow for longer wear time andmay allow newer-generation
physical activity monitors to quantify longer observation
periods, which may in turn help differentiate ECOG PS of
0 from 1. Accelerometers may provide more clinically relevant
data compared with clinician assessment, because patient-
reported physical activity using the International Physical
Activity Questionnaire correlated poorly with physician-
assigned ECOG PS, with patients far more sedentary than

estimated using physician-assigned ECOG PS.58

Because physical activity is associated with improved
cancer outcomes, better understanding and assessment of
activity using physical activity monitors can allow studies to
adjust for activity and improve the evaluation of treatment
strategies. Prospective studies in multiple cancer types have
suggested that physical activity after cancer diagnosis con-
sistently improves QOL measures.59 The impacts of exercise
intensity, duration, and adherence in the real-world setting
and the effect of longer follow-up are not well established.
Physical activity monitoring devices can provide investigators
the opportunity to assess adherence and enable long-term
follow-up, which may provide accurate objective assessment
to compare with cancer outcomes.

CHALLENGES AND FUTURE DIRECTIONS
Translating large amounts of data collected froman individual
physical activity monitoring device into clinically relevant
variables requires compiling data into a standardized database
to allow application of data-reduction algorithms. Existing
Web-based programs allow tracking of a large number of
individuals using a specific commercial product. However, for
clinical and research purposes, a device- or brand-agnostic
solution would be needed to achieve standardized data
compiling and reduction.Areas for standardization include
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identifying a valid patient daily wear time (ie,minimumdaily
wear time requirement for which data would be considered
representative or evaluable) and automated screening for
spurious data. Studies have not consistently reported their
decision rules, whichhave the potential for affecting outcome
variables; this emphasizes the importance of standardizing
the data-handling process.60 Rigorous examination of use
patterns is needed before these decisions are standardized,
because they can have significant impact on the validity
of data, and additional considerations to individual study
end points will need to be anticipated. Studies focusing on
surveillance and intervention may focus on data at the
population level and need less restrictive criteria to enable
higher rates of inclusion and participant retention during
the study period. In contrast, association studies focus
on individual-level data and may need to concentrate on
intraindividual variation specifically as it relates to natural
variability in behavior with time and environmental cir-
cumstances (eg, home v work).2

The RE-AIM (ie, reach, efficacy/effectiveness, adoption,
implementation, andmaintenance) framework can be used to

provideastructure todevelop, implement,andsustainphysical
activitymonitoring device approaches in real-life research and
clinical settings.61 It is critical to not only understand who
would be best studied using physical activitymonitor–derived
end points, but also study why patients refuse or are unable to
comply with requirements. This will affect future applications
in the clinic and in research. The uptake of physical activity
monitors may not be seen consistently across all de-
mographics. Most patients with cancer are elderly and
may not be able to use wearable devices, which need to be
charged intermittently and require access to a Web- or
mobile-based software. This may be less of an issue as the
adoption of smart phones across demographics makes
access to mobile platforms more ubiquitous. Elderly, frail
patients who have cautious movement patterns may not
be measured accurately, and absolute measurement var-
iables will depend on the sensitivity of the devices being
used.62 Also, in patients who lack the ability to care for
themselves or perform activities of daily living, physical ac-
tivitymonitors are not likely to capture steps reliably, but other
wearable devices can be beneficial in estimating body position
and transfer.63 Because wearable devices are now being in-
corporated into articles of daily living, including clothing,
headphones, eyeglasses, shoes, and caps, attritionmaybecome
less of an issue. However, validation of these devices is needed,

because uptake, compliance, and reliability of technology will
be expected to vary.

Implementation in the clinic and in research requires
standardized processes. As an example, the study or clinic
team may assume responsibility for setting up physi-
cal activity monitors for patients and allow centralized
monitoring. Additional burden to research centers or
health systems regarding gathering and processing data,
performing quality control, and covering the cost of
equipment should be anticipated. These will vary based
on the primary objective being pursued. Clinics and re-
searchers can offer services to sync patients’ devices
during their office visits using wireless USB dongles or
office wireless Internet networks. Centers may have in-
consistent uptake of physical activity monitors based on
their levels of resources, interest, physical capacity, and
technical expertise. To help maximize efficiency, im-
plementation of physical activity monitors should be
incorporated into daily staff workflow whenever possible.
Individual physical activity monitor startup kits with
clear, easy-to-follow instructions are one example that

can help standardize such processes, but they should be
flexible enough to be customized to the specific envi-
ronment (clinic v research, hospital based v office based,
urban v rural). The cost of implementing physical activity
monitors goes beyond simply purchasing a device; there-
fore, continuous assessment and reporting of the impact and
added value of physical activity monitors to the clinic or research
study should be incorporated from the inception of the program.

Commercially available physical activity monitors are
being rapidly adopted by oncology patients, clinicians, and
researchers and have the potential to greatly improve our
ability to quantify physical activity in patients with cancer.
Prior work on quantified-self data was based on older-
generation, research-grade accelerometers, which laid the
foundation for consumer-based physical activity moni-
toring devices to be validated as a feasible and reliable tool
in patients with cancer. Before broader implementation
in patients with cancer can be advocated, further work
is needed to understand what parameters these devices
are best suited to measure. Clinical and research pro-
grams should prepare to systematically implement these
devices into their workflows in an adaptable and iterative
manner.
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