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abstract

PURPOSE Unplanned health care encounters (UHEs) such as emergency room visits can occur commonly
during cancer chemotherapy treatments. Patients at an increased risk of UHEs are typically identified by
clinicians using performance status (PS) assessments based on a descriptive scale, such as the Eastern
Cooperative Oncology Group (ECOG) scale. Such assessments can be bias prone, resulting in PS score dis-
agreements between assessors. We therefore propose to evaluate PS using physical activity measurements (eg,
energy expenditure) fromwearable activity trackers. Specifically, we examined the feasibility of using a wristband
(band) and a smartphone app for PS assessments.

METHODS We conducted an observational study on a cohort of patients with solid tumor receiving highly
emetogenic chemotherapy. Patients were instructed to wear the band for a 60-day activity-tracking period.
During clinic visits, we obtained ECOG scores assessed by physicians, coordinators, and patients themselves.
UHEs occurring during the activity-tracking period plus a 90-day follow-up period were later compiled. We
defined our primary outcome as the percentage of patients adherent to band-wear ≥ 80% of 10 AM to 8 PM for ≥
80% of the activity-tracking period. In an exploratory analysis, we computed hourly metabolic equivalent of task
(MET) and counted 10 AM to 8 PM hours with . 1.5 METs as nonsedentary physical activity hours.

RESULTS Forty-one patients completed the study (56.1% female; 61.0% age 40-60 years); 68% were adherent
to band-wear. ECOG score disagreement between assessors ranged from 35.3% to 50.0%. In our exploratory
analysis, lower average METs and nonsedentary hours, but not higher ECOG scores, were associated with higher
150-day UHEs.

CONCLUSION The use of a wearable activity tracker is generally feasible in a similar population of patients with
cancer. A larger randomized controlled trial should be conducted to confirm the association between lower
nonsedentary hours and higher UHEs.
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INTRODUCTION

Recent advances in miniaturization and sensor tech-
nology have greatly improved availability and affordability
of consumer wearable activity trackers. Although these
devices produce measurements that are still less ac-
curate than those obtained in a controlled environment
of a clinic, they can provide real-world outpatient activity
data that can be useful to inform physicians of patients’
physical activity (PA) level. Furthermore, the accuracy of
these devices is expected to benefit from rapid iterative
improvements by well-capitalized consumer electronics
manufacturers, with validations of these devices’ mea-
surements investigated by the research community.1,2

Cancer chemotherapy treatments are commonly as-
sociated with significant toxicity, often requiring un-
planned health care encounters (UHEs), such as
emergency room visits for complications such as as-
thenia, emesis, pain, infection, and dehydration. Per-
formance status (PS) measures, such as the Eastern
Cooperative Oncology Group (ECOG) scale,3,4 have
been used to identify patients at an increased risk of
UHEs, enabling health care professionals to actively
prescribe preventive measures to improve patients’
quality of life. However, ECOG assessments rely on
qualitative descriptions of patients and therefore can
be prone to biases, such as the patient’s recall bias
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resulting in inaccurate information available to the asses-
sor, or the assessor’s observer bias partially due to limited
interaction time. This potential disagreement between
physician- and patient-assessed ECOG scores has been
associated with worse outcomes in patients with cancer.5

In cancer medicine, higher PA has been associated with
improved outcomes, including recurrence, overall survival,
and disease-free survival, in multiple studies involving
colorectal, prostate, breast, pancreatic, endometrial, ovarian,
and lung cancer.6-11 A recent study12 on the feasibility of
activity tracker use in patients with advanced cancer re-
ported a correlation between step counts and ECOG scores
and associated increased step counts with reduced odds for
adverse events. Outside of cancer medicine, the utility of
activity trackers has also been extensively evaluated,13,14 and
correlations of higher PA level with better outcomes were also
observed.15

To examine the feasibility of activity tracker use in cancer
chemotherapy, we performed an observational study (Clin-
icalTrials.gov identifier: NCT03098277) with a population of
patients with solid tumors undergoing highly emetogenic
chemotherapy, according to the Hesketh classification.16 In
this work, we report on our primary outcome, the per-
centage of patients adherent to activity tracker wear. We
also report on the disagreements between ECOG scores
assessed by physicians, coordinators, and patients and the
predictive correlation between ECOG scores and UHEs.
Finally, in an exploratory analysis, we report on the cor-
relation between ECOG scores and physical activity mea-
sures and the predictive correlation between physical
activity measures and UHEs.

METHODS

After approval by local institutional review boards, the study
was opened at four hospital sites: University of Southern
California (USC) Norris, Los Angeles County, plus USC
Medical, USC Newport, and MD Anderson. Study inclusion
criteria consisted of being≥ 18 years of age with a diagnosis
of solid tumor anticipated to undergo at least two future

cycles of highly emetogenic palliative or adjuvant chemo-
therapy. Patients could have received prior chemotherapy
at the time of enrollment so long as additional therapy was
planned. Patients had to be willing to wear an activity
tracker and provide health outcomes on a provided
smartphone during a 60-day activity-tracking (band-wear)
period. They also had to be able to ambulate without
assistive devices (this is because this study is a part of
a larger study that includes PS assessments using
Microsoft Kinect). Exclusion criteria included patients with
missing limbs, symptomatic brain metastasis, or known
movement disorders, including essential tremor if re-
quiring drug therapy.

After consent and successful screening, patients received
a Microsoft Band 2 (band) and a Microsoft smartphone
with our patient-reported outcomes (PRO) app, available
in English, Spanish, and Mandarin Chinese. Patients were
instructed to always wear the band while they were
awake, charge it every night, and respond to nightly PRO
app prompts for the duration of the activity-tracking
period. The study period is 150 days long and consists
of a 60-day activity-tracking period and a 90-day follow-
up period (Fig 1A). The primary outcome of this study is
discussed below.

Wearable Activity Tracker

Details on Microsoft Band 2 can be found in the Appendix.
After the activity-tracking period ended, patient hourly band
data (energy expenditure, step counts, and heart rate) were
downloaded to a secure server for further analysis. None of
the data were missing, so imputation was not performed.

We defined an hour of band-wear as an o’clock hour (eg,
11 AM to 12 PM) with nonzero heart rate. We have selected
nonzero heart rate as the sole indicator for band-wear
because Microsoft incorporates measurements from the
paired phone’s sensors17 to estimate all other activity
measures (eg, step counts), and hence they are not a re-
liable indicator for band-wear. We defined daily band-wear
adherence as the participant wearing the band for≥ 80% of

CONTEXT

Key Objective
Can wearable activity trackers be used to assess performance status, instead of or in tandem with the Eastern Cooperative

Oncology Group (ECOG) scale, in patients with cancer with solid tumors undergoing highly emetogenic chemotherapy?
How well do ECOG scores and measures derived from activity trackers correlate with unplanned health care encounters
(UHEs)?

Knowledge Generated
In our study cohort, . 65% of patients were able to adhere to the activity tracker wear protocol. ECOG scores did not have

a signification correlation with UHEs. In an exploratory analysis, our data suggest that higher average metabolic equivalents
of task and higher nonsedentary physical activity hours are associated with lower UHEs.

Relevance
Data from activity trackers can potentially be used to evaluate a patient’s risk of UHEs.
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FIG 1. (A) Study timeline. During each office visit, patients receive chemotherapy treatment and undergo Eastern
Cooperative Oncology Group (ECOG) score assessment. The first and second office visits do not have a fixed day in the
timeline. The study inclusion criteria only require two cycles of chemotherapy during the activity-tracking period. (B)
Study cohort flowchart, showing screening failures, withdrawals, and number of patients in each part of our analysis.
(C) Study adherence of patients who completed the study (n = 41). Dotted lines connect each adherence component
of the same non–band-wear–adherent patient. Both patient-reported outcomes (PRO) questionnaire and PROweight
data were collected via the PRO app.
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the 10 AM to 8 PM period; this period was selected based on
this cohort’s expected common waking hours. This ensures
that we can compare band data with the ECOG scores, as the
ECOG scale specifies that assessments should only consider
the patient’s waking hours (Appendix Table A1). We then
defined overall band-wear adherence as the participant
being daily band-wear adherent for≥ 80%of days during the
band-wear period. Finally, the primary outcome was defined
as the percentage of band-wear–adherent patients. The
details of the statistical power, along with the hypotheses,
can be found in the Appendix.

For the analysis, we also considered data only for the 10 AM to
8 PM period. To allow for activity level comparison across
patients, we estimated the hourly metabolic equivalent of
task (MET), where 1 MET corresponds to a person’s basal
metabolism.18 METs were estimated by dividing hourly en-
ergy expenditure by daily patient-reported weight (see
Patient-Reported Outcomes section) to account for possible
weight changes. Baseline activity level was then corrected to
1 MET using line-fit to normalize METs across patients.

The Sedentary Behavior Research Network has proposed
a common definition of sedentary behavior as “any waking
behaviour characterized by an energy expenditure ≤ 1.5
METs while in a sitting or reclining posture.”19(p540) Ac-
cordingly, we defined and computed nonsedentary PA
hours as the number of 10 AMto8 PM hours where the patient
exhibited . 1.5 METs. Note that because band data were
provided in an hourly interval, a 1.5-MET threshold corre-
sponds to an energy expenditure of 1.5 METs on average for
the entire hour. Finally, using an exploratory threshold of
10 hours of nonsedentary PA, patients were separated into two
similar-sized groups for analysis: higher PA (HPA) and lower
PA (LPA).

Patient-Reported Outcomes

During the activity-tracking period, we collected PRO data
daily using our smartphone app, available in English,
Spanish, and Mandarin Chinese. PRO data included daily
body weight measured on a provided home scale and daily
questionnaires based on Patient-Reported Outcomes Mea-
surement Information System (PROMIS).20 Detailed PRO
questionnaire information and data analysis can be found
in Broderick et al.21 Missing PRO weight data were im-
puted using linear interpolation (and forward/backward fill
for the end/beginning).

PS Assessments

The ECOG scale (Table A1)3,4 was used for PS assess-
ments. We collected ECOG scores from the physician,
coordinator, and patient during two office visits in the
activity-tracking period. Patients were instructed on how to
self-assess during office visits. ECOG scores were missing
from the earliest enrolled patients, before additional co-
ordinator training, so ECOG scores from the second office
visit were used for analysis. Patients had good ECOG scores

overall; therefore, we considered two ECOG score groups
for analysis: ECOG = 0 and ECOG . 0.

UHEs

We defined UHEs to include urgent office visits, urgent
hospitalizations, unplanned day hospital visits, and emer-
gency room visits, excluding routine office visits, planned
chemotherapy hospitalizations, scheduled chemotherapy,
and planned surgery hospitalizations. This combined end
point of UHEs aims to capture significant complica-
tions, which in other medical specialty areas might be
similarly captured by the count of emergency room visits
and hospitalizations.

Retrospective reviews were conducted by physicians to
categorize encounters recorded on the electronic health
record system as planned or unplanned; UHEs were then
counted over the 150-day study period. To reduce the
effect of outliers on averaged UHEs when comparing be-
tween two groups, we considered patients with more than
five UHEs as having five UHEs in our analysis.

Statistical Analysis

Our data analysis was performed in Python. Normality
assumptions were tested using the Shapiro-Wilk test. Ho-
moscedasticity assumptions were tested using Levene’s
test. Correlation between two variables was calculated
using Spearman’s rho rank correlation. Difference between
mean/median values of a variable sampled from two dif-
ferent groups was tested using independent two-sample
t test (independent t test) if that variable exhibited nor-
mality and homoscedasticity in both groups and the Wil-
coxon-Mann-Whitney rank-sum test (WMW-test) otherwise.
One-sided tests were used to compare between groups
where a direction assumption can be made; otherwise,
two-sided tests were used. A threshold of 0.05 for P was
used to establish significance.

RESULTS

Between May 2016 and May 2017, 65 patients were
consented and screened for the study. There were 16
screening failures and eight withdrawals within the first
30 days. Of these 24 patients, median age was 58 years
(range, 24-71 years) and 11 had stage IV disease. Reasons
for withdrawal included: nonadherent with the devices (n =
4), uncomfortable using the devices (n = 1), mature cat-
aracts preventing the use of a smartphone (n = 1), moving
out of town (n = 1), and misplacing the devices (n = 1). A
study cohort flowchart is provided in Figure 1B.

Patients who completed the study (n = 41) were 56% fe-
male, 51% Hispanic, and 39% white. The median age at
cancer diagnosis was 48 years (range, 24-72 years). The
plurality (19/41, 46%) of patients had stage II disease at
diagnosis, with nine patients with stage I disease and nine
patient with stage III disease. The majority (35/41, 85%) of
patients were being treated with curative intent. Patients’ solid
tumor site included breast (42%), testicular (24%), and head
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TABLE 1. Demographics and Clinical Parameters of Patients Screened for the Study
Total (n = 65) Completed Study (n = 41) Screening Failures and Withdrawals (n = 24)

Sex

Female 23 (56.1) 8 (33.3)

Male 18 (43.9) 16 (66.7)

Race/ethnicity

White 16 (39.0) 3 (12.5)

Hispanic 21 (51.2) 13 (54.2)

Asian 1 (2.4) 4 (16.7)

Black 1 (2.4) 4 (16.7)

Unknown 2 (4.9) 0 (0.0)

Age at study onset, years

18-40 8 (19.5) 3 (12.5)

40-60 25 (61.0) 12 (50.0)

60-80 8 (19.5) 9 (37.5)

Stage of disease at diagnosis

0 0 (0.0) 0 (0.0)

I 9 (22.0) 1 (4.2)

II 20 (48.8) 7 (29.2)

III 9 (22.0) 5 (20.8)

IV 0 (0.0) 11 (45.8)

Unknown/not applicable 3 (7.3) 0 (0.0)

Cancer type/body site

Adrenal 1 (2.4) 0 (0.0)

Anal 0 (0.0) 1 (4.2)

Bladder 2 (4.9) 0 (0.0)

Breast 17 (41.5) 5 (20.8)

Gallbladder 1 (2.4) 0 (0.0)

Gastric 0 (0.0) 1 (4.2)

Head and neck 6 (14.6) 8 (33.3)

Lung 2 (4.9) 5 (20.8)

Testicular 10 (24.4) 3 (12.5)

Thymoma 2 (4.9) 0 (0.0)

Unknown primary 0 (0.0) 1 (4.2)

Goal of treatment

Curative 35 (85.4)

Palliative 6 (14.6)

Physician-assessed ECOG score

0 16 (47.1)

1 17 (50.0)

2 1 (2.9)

Coordinator-assessed ECOG score

0 12 (35.3)

1 21 (61.8)

2 1 (2.9)

(Continued on following page)
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and neck (15%). More details can be found in Table 1. The
most common chemotherapy regimens included bleomycin,
etoposide, cisplatin; doxorubicin and cyclophosphamide; and
cisplatin, doxorubicin, cyclophosphamide.

Band-Wear Adherence

Out of the 41 patients who completed the study, 28 patients
(68%) were band-wear adherent. The median percentage
of days adherent was 92% (Fig 1C). The average age of the
adherent and nonadherent group (50 and 44 years) was
not significantly different (independent t test; two-sided
P = .15); the median was 48 and 47 years. Fourteen males
and 14 females comprised the adherent group; and six males
and seven females comprised the nonadherent group.

In the following sections, all but one of the 41 patients were
included in our exploratory analysis, irrespective of their
adherence status; the only patient excluded was adherent
for only 30% of days. These 40 patients were composed of
19 males and 21 females; their age distribution (, 45, 45-
59, and ≥ 60 years) was 17, 15, and eight. This group is
labeled with (n = 40) in the remainder of the analysis.

Physical Activity Data

The average steps per hour was 262; the median was 225.
Steps per hour exhibited a decrease with age. The median
average steps per hour of ages, 45, 45-59, and≥ 60 years
were 303, 202, and 119. The median average steps per
hour was 320 for men, significantly different from 168 for
women (WMW test; two-sided P = .0026).

The average hourly METs was 1.09; the median was 1.08.
Hourly METs also exhibited a decrease with age. The
median average hourly METs of ages , 45, 45-59, and
≥ 60 years were 1.10, 1.08, and 1.05. The median average
hourly METs was 1.11 for men, significantly different from
1.07 for women (WMW test; two-sided P = .048).

The average nonsedentary PA hours was 19.9 hours; the
median was 12.5. The average nonsedentary PA hours of
ages, 45, 45-59, and≥ 60 years was 26.1, 17.9, and 10.3;
the median was 19.0, 12.0, and 6.5. The average non-
sedentary PA hours was 26.4 for men and 14.0 for women;
the median was 16.0 for men, not significantly different from
11.0 for women (WMW test; two-sided P = .073; Fig 2).

Using an exploratory threshold of 10 nonsedentary PA hours,
patients were separated into two similar-sized groups: HPA
(n = 24) and LPA (n = 16). The HPA group comprised
13males and11 females; their agedistribution for,45, 45-59,
and ≥ 60 years was 12, nine, and three. The LPA group
comprised six males and 10 females; their age distribution
for , 45, 45-59, and ≥ 60 years was five, six, and five.

ECOG Score Data

The physician-, coordinator-, and patient-assessed ECOG
scores from the second office visit were successfully recorded
for 34 out of 40 patients. This group is labeled with (n = 34) in
the remainder of the analysis. There were disagreements in
35.3%, 50.0%, and 44.1% of the physician-coordinator,
physician-patient, and coordinator-patient ECOG score pairs
(Appendix Fig A1). Patients had good ECOG scores overall
(only one, one, and six patients had physician-, coordinator-,
and patient-assessed ECOG score . 1).

UHEs Data

Patients rarely encountered more than UHEs (three out of
40 patients had 11, 13, and 21 UHEs). To reduce the effect
of outliers, we considered patients with more than five UHEs
as having five UHEs in the following analysis. The average
UHEs of 40 patients was 1.35. Average UHEs of ages, 45,
45-59, and ≥ 60 years was 1.23, 1.73, and 0.88; average
UHEs of men and women were not significantly different at
1.42 and 1.29 (WMW test; two-sided P = .81; Fig 2).

Predictive Correlation Between ECOG Scores and UHEs

The average UHEs (n = 34) for physician-, coordinator-,
and patient-assessed ECOG = 0 and ECOG . 0 score
groups were 1.44 and 0.83, 0.92 and 1.23, and 1.00 and
1.17. None of the ECOG . 0 score group for physician-,
coordinator-, and patient-assessed ECOG scores had sig-
nificantly higher UHEs than the corresponding ECOG =
0 score group (WMW test; one-sided P = .87, .18, .28). We
also did not observe significant correlations between UHEs
and physician-, coordinator-, and patient-assessed (ECOG =
0, ECOG . 0) score groups. Note that the physician-
assessed (ECOG = 0, ECOG. 0) score groups unexpectedly
exhibited negative correlation with UHEs (Fig 3, right
column).

TABLE 1. Demographics and Clinical Parameters of Patients Screened for the Study (Continued)
Total (n = 65) Completed Study (n = 41) Screening Failures and Withdrawals (n = 24)

Patient-assessed ECOG score

0 11 (32.4)

1 17 (50.0)

2 5 (14.7)

3 1 (2.9)

NOTE. Data are presented as No. (%).
Abbreviations: ECOG, Eastern Cooperative Oncology Group.
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FIG 2. Physician-, coordinator-, and patient-
assessed Eastern Cooperative Oncology Group
(ECOG) scores (n = 34), physical activity
measures (average hourly step counts, av-
erage hourly metabolic equivalents of task
[METs], and nonsedentary physical activity
[PA] hours) over the 60-day activity-tracking
period (n = 40), and unplanned health care
encounters (UHEs) over the 150-day study
period (n = 40) demographics. Patients with
more than five UHEs were considered as
having five UHEs to reduce the effect of
outliers. Jitters were added to ECOG scores
to allow individual data points to be shown.
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The average UHEs for patients with and without physician-
patient ECOG score disagreement were 0.94 and 1.29. In
contrast to findings in Schnadig et al,5 we did not observe that
physician-patient ECOG score disagreement is associated
with significantly higher UHEs (WMW test; one-sidedP = .69).

Correlation Between Physical Activity Measures and

ECOG Scores

We observed two significant correlations between the
ECOG = 0/ECOG. 0 score groups and the PAmeasures: (1)
between physician-assessed score groups and average
steps (Spearman’s rho, −0.44; P = .0085), and (2) between
coordinator-assessed score groups and average steps
(Spearman’s rho, −0.37; P = .031; Fig 4), consistent with
findings in Gresham et al.12

Predictive Correlation Between Physical Activity

Measures and UHEs

The average UHEs (n = 34) for HPA and LPA groups were
0.74 and 1.60. The LPA group had significantly higher UHEs
than the HPA group (WMW test; one-sided P = .019). We
observed significant correlations betweenUHEs and average
METs and nonsedentary PA hours (Fig 3). In contrast to
findings in Gresham et al,12 we did not observe a significant

correlation between step counts and UHEs (WMW test; one-
sided P = .73). The correlation between UHEs and non-
sedentary PA hours still holds when patients with missing
ECOG scores were included (n = 40; Fig 5).

A visualization of individual patient day-by-day average step
counts, average METs, and nonsedentary PA hours, along
with their ECOG scores and UHEs, can be found in Ap-
pendix Figures A2-A4.

DISCUSSION

Band-wear adherence may have been hindered by the
learning curve of using new technology in an older pop-
ulation present in this study (80% age . 40 years and
20% age . 60 years). As participation in the study did not
provide any direct benefit to the enrolled patients, a com-
mon reason for early dropout was that the patient had ad-
vanced disease and did not want the burden of dealing with
new technology concurrently with difficult treatments. Future
clinical studies of activity trackers could obtain higher ad-
herence if enrollment is restricted to patients who already
own smartphones. Recent improvements in activity tracker
technology should also help improve adherence, as newer
devices are smaller and require less-frequent charging
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(charging were required every night in this study). Attention
to repetitive coaching and educating during office visits
seemed to improve band-wear adherence as the study
progressed and the dropout rate lowered over time.

The common waking hours selected for this study (10 AM to
8 PM) possibly did not capture the entirety of waking hours
of all participants. However, it was necessary to establish
common hours for analysis so that the derived physical
activity measures are comparable to the ECOG scores, as
the ECOG scale only includes activity during waking hours.
Although many activity trackers claim to be able to de-
termine waking/sleeping hours, we prefer not to rely on
proprietary algorithms that are device dependent and may
not be validated for the target population. Given the rela-
tively short consumer-market lifespan of any particular
activity tracker, it is valuable to use measures that can be
reliably reproduced across all devices.

There are known limitations of using METs to describe PA
intensity. For example, patients with similar weight but
different lean body mass are expected to have different
resting metabolic rate, because resting metabolic rate is
roughly proportional to lean body mass; METs do not ac-
count for this. Studies1,2 have also shown that activity
trackers exhibit notable variances in estimating energy
expenditure compared with gold-standard calorimetry;
median errors for Microsoft Band 1 were found to be 30%-
40%. We partially mitigated this issue by performing
baseline activity line-fit such that the activity level at rest is
equal to 1 MET across patients. Nonetheless, MET esti-
mation remains practical, allowing for PA estimation that is
comparable across patients.

Although a wearable activity tracker can capture longitu-
dinal physical activity of a patient over an extended period,
its detail of observation is limited to cumulative measures,
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such as step counts and energy expenditure. These mea-
sures capture the frequency and intensity aspects of physical
activity but are not well-suited to capture the effortfulness
and effectiveness aspects, which are also integral to per-
formance status. This limitation of activity trackers can be
addressed with a task-based clinic evaluation by physicians
and/or body tracking systems. We evaluated the use of
Microsoft Kinect for this purpose and reported preliminary
analysis in Hasnain et al.22

This study demonstrated the feasibility of outpatient wear-
able activity tracker use as a method of assessing physical
activity in patients with cancer. We documented a 50% dis-
agreement in the physician-patient ECOG score pair; however,
we did not observe that suchdisagreements are associatedwith
significantly higher UHEs. We observed significant correlations
between step counts and physician- and coordinator-assessed

ECOG scores but not patient-assessed ECOG scores. We
also did not observe significant predictive correlation be-
tween ECOG scores and UHEs. In our exploratory analysis,
we observed significant predictive correlations between (1)
average METs and UHEs, and (2) nonsedentary physical
activity hours and UHEs.

There are multiple potential uses for wearable activity
tracker in outpatient oncology practice, including quanti-
fying the extent to which a cancer therapy changes PA
level of patients; identifying patients at increased risk of
complications who may benefit from additional office
visits, engagement of home care, or increased attention
to symptom management; selecting patients for clinical
trial participation; and informing toxicity attribution.
Clinical studies testing this last use case are presently
underway.
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APPENDIX

Microsoft Band 2 Information

Microsoft Band 2 is a wrist-worn activity tracker bracelet containing
multiple sensors, including a three-axis accelerometer and an optical
heart rate sensor. A microprocessor in the bracelet processes these
sensor measurements and periodically sends them to the Microsoft
Health app installed on a paired phone, which later forwards these data
to Microsoft. Microsoft’s proprietary program then processes the data
to estimate hourly (smallest time denomination available) activity

measurements, including energy expenditure, step counts, and heart
rate (see Shcherbina et al1 for accuracy validation).

Primary Outcome Hypothesis Test and Statistical Power

The following hypothesis test was designed for the primary outcome,
where pct is the percentage of patients that are adherent to band-wear:

• H0: pct ≥ 55%

• Ha: pct , 35%

Overall, there is 93% power to reject H0, when pct = 35%, with α of .05.
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TABLE A1. Eastern Cooperative Oncology Group Performance Status Scale
Score Patient Performance Status Description

0 Fully active, able to carry on all predisease performance without
restriction

1 Restricted in physically strenuous activity but ambulatory and able to
carry out work of a light or sedentary nature (eg, light housework, office
work)

2 Ambulatory and capable of all self-care but unable to carry out any work
activities. Up and about . 50% of waking hours

3 Capable of only limited self-care, confined to bed or chair . 50% of
waking hours

4 Completely disabled. Cannot carry on any self-care. Totally confined to
bed or chair

5 Dead
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