Patients over 65 years are assigned lower ECOG PS
scores than younger patients, although objectively
measured physical activity is no different
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Abstract

Objectives:The Eastern Cooperative Group Performance Status (ECOG PS) is a widely used
standard functional classification in oncology practice, the verbal descriptors of which refer to
physical activity (PA). Little is known about the cut-off points of this scale and measured PA
levels. This research investigated the relationship between PS assigned, objectively measured
PA, and patient age.

Materials and Methods: One hundred ambulatory patients with treatment-naive cancer wore
an accelerometer (RT3) for a mean (SD) of 5.6 (1.1) days before initial oncology evaluation and
ECOG PS assignment.

Results: Seventy five participants (75%) were < 65 years and 25 were = 65 years. Eighty nine
(89%) were assigned an ECOG PS of 0 or 1 and 11% a PS of 2 or 3. A weak but significant
inverse association was found between objectively measured PA and PS (rho =-0.26,p =
0.01). Seventy one participants (80%) with a PS of 0 or 1 spent more than 50% of waking
hours resting. Participants assigned a PS of 2-3 spent significantly more time resting than
those assigned a PS of 0 (p = 0.01). Age = 65 years was significantly related to PS assigned (p =
0.04), although the older cohort were no less sedentary than younger patients.

Conclusion: PA levels were low, but PS scoring reflected relative PA levels and differentiated
between patients of PS 0 and 2-3. Chronological age was not predictive of activity levels, but
older patients were assigned lower PS scores. Incorporation of objective PA measures may
merit further investigation especially in the geriatric oncology setting.
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1. Introduction Performance status (PS) scoring tends to be lower in older

patients with cancer.’ This may be related to the decrement in

Performance status (PS), a numerical quantification of a patient's
actual physical function and capacity for independent living and
self-care is widely used in oncology practice. It is assessed by
interview with a health care professional’ using a scoring system
such as the Eastem Cooperative Oncology Group Performance
Status (ECOG PS) scale” (Fig. 1). The verbal descriptors of the ECOG
scale relate to physical activity (PA).

PA which occurs with advancing age,* which in turn has been
linked with functional disability and an increased number of
co-morbidities.””” Lower PS scoring may impact negatively on
treatment decisions as the cut-off points between ECOG PS 1
and 2 or between ECOG PS 2 and 3 are routinely used to select
patients for clinical trial entry.* '” Good PS (ECOG O and 1) is
associated with better response to treatment'’ and quality



of life’"3, Poor PS (ECOG PS 2, 3, and 4) has been linked
to fatigue’' and increased risk of treatment-related
toxicity'® 5,

The challenges of PS scoring are well documented.
Doctors®?? and health care providers?* have been reported
to “over-estimate” PS in clinical practice, when compared
with PS estimated by the patient.™**?°?2 A recently pub-
lished study®® details a Chemotherapy Risk Assessment
Scale for High-Age Patients (CRASH) score to assess the risk
of severe toxicity in elderly patients. The CRASH scale was
shown to differentiate between different risk levels of severe
toxicity. However, no difference in toxicity risk emerged between
patients who were assigned an ECOG PS of 1 compared to those
assigned a PS of 2, highlighting the limitations of PS scoring in
elderly patients with cancer.

Indeed, self-reported PA — which influences PS scoring - is
notoriously prone to bias,** as it is difficult to quantify volume
and intensity of activity and patients often struggle to recall
how much of the day they spend in bed or chair or “up and
about”. This raises the question whether objective PA measure-
ment, using new accelerometry technology might be useful. Little
is known about the relationship between PS and objectively
measured PA in heterogeneous cancer populations or PA in older
patients with cancer.

The aim of this study was to compare physician-assigned
ECOG PS to objectively measured PA assessed by an accelerom-
eter (RT3 accelerometer Stayhealthy Inc., Monrovia, CA), and to
see whether ECOG PS assigned and/or PA had any relationship
to patient age. A secondary objective was to compare these
measures to subjective PA as estimated by a questionnaire
(International Physical Activity Questionnaire).

Grade ECOG

2. Materials and Methods
2.1.  Setting and Participants

One hundred patients were recruited consecutively from a
single cancer centre in St. James’s Hospital, Dublin, Ireland over
a 16-month period. All participants gave written informed
consent. Patients were eligible if they had a recentdiagnosis ofa
non-haematological malignancy (all stages included), were not
hospitalised, were treatment naive and were being considered
for initial chemotherapy and/or radiotherapy. Patients had to be
at least 18 years of age and be capable of completing the
questionnaire. Exclusion criteria included significant chronic
lung disease or cardiovascular disease which interfered with
mobility or any other co-morbid condition which significantly
impaired functional ability.

2.2.  Study Procedures

Potential participants were sourced through oncology multi-
disciplinary meetings or via communication with relevant
medical/nursing personnel. Eligible particdipants were subse-
quently approached in the hospital environment, generally
during their inpatient stay for surgical removal of their tumour
and given study information. If interest was indicated, partici-
pants were supplied with an RT3 accelerometer and an activity
diary. Patients were instructed to wear the monitor for up to
7 days in the home environment during the immediate lead-up
to the initial evaluation appointment with the medical or
radiation oncology team. The activity diary recorded daily

0 Fully active, able to carry on all pre-disease performance without

tricti

1 Restricted in physically strenuous activity but ambulatory and able to

carry out work of a light or sedentary nature, e.g., light house work, office

work

2 Ambulatory and capable of all self-care but unable to carry out any work

activities. Up and about more than 50% of waking hours

3 Capable of only limited self-care, confined to bed or chair more than 50%

of waking hours

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

bed or chair

5 Dead

Fig. 1 - The Eastern Cooperative Oncology Group Performance Status (ECOG PS).



wearing time of the monitor and documented the time the
monitor was put on in the morning and taken off at night, as
well as any period when the activity monitor was not worn
and the reasons for this.

Participants were instructed to wear an RT3 accelerometer
continuously during waking hours, except during water-based
activities such as showering. They were instructed not to alter
daily routines and to record on and off monitor wearing time.
Printed material given to each participant also reiterated
verbal instructions given, and a phone call was made by the
study personnel on the first morning of monitor wearing in
order to re-confirm instructions to the participants and
trouble-shoot any problems. Contact details were also provided
should questions arise. At the initial evaluation appointment
with the medical or radiation oncology team, the accelerometer
was removed. At that visit, the ECOG PS was assigned by the
physician as part of the routine evaluation and the patient
completed the International Physical Activity Questionnaire
(IPAQ)”* with one of the study personnel. During analysis of the
accelerometer data, the investigator was unaware of which PS
had been assigned.

Institutional ethical board approval was granted for this
study.

2.3.  Study Measures

An accelerometer is a motion sensor which measures accelera-
tion of the limbs and trunk. The RT3 accelerometer has previously
been shown to be a valid and reliable measure of PA in adults.™ It
is worn on the waistband and is about the size of a pager
(dimensions 7.1 x 5.6 x 2.8 cm, weight 652 g including AAA
battery). When the subject moves, a sensor within the monitor
registers acceleration or deceleration in three axes: vertical (x),
anteroposterior (y), and mediolateral (z) which are converted to a
series of numbers called “activity counts” which were set as
accumulated vector magnitude ()¢ + y* + Z|>) activity over a
one-minute epoch (Mode 4). The activity counts correspond to
time spent in light, moderate and vigorous domains of activity
based on accumulated vector-magnitude cut-off points previous-
ly described.” Subjects in this study were required to provide at
least 3 days valid monitoring as this is considered the minimum
number of days to assess PA in daily life.”

The International Physical Activity Questionnaire (IPAQ)
(long version) was used for subjective assessment of habitual PA
participation during the previous 7 days. Acceptable validity and
reliability across 12 countries been previously described.” The

full questionnaire and data-processing guidelines are available
from www.ipaq.ki.se and a description of this questionnaire is
presented in Table 1.

The Charlson co-morbidity index scores were calculated
according to pre-determined recommendations.”? This index
takes into account the number and the seriousness of co-morbid
diseases and predicts related mortality rates. Information about
co-morbidities was extracted from patient medical charts.

2.4.  Statistical Analysis

Normality of distribution was tested using a 1-sample
Kolmogorov-Smirnof test. Analysis of variance (ANOVA)
was used to compare ECOG PS to age with age entered as the
dependent variable and ECOG PS as the factor. Similarly,
ANOVA was also used to compare the Charlson co-morbidity
index to age. Post hoc tests (LSD) were used to identify which
means were significantly different to each other. The Kruskal-
Wallis test was used to compare the ECOG PS and Charlson
co-morbidity index. Associations between domains of activity
and the ECOG PS were evaluated using a Spearman's rank
correlation coefficient (rho). All reported p values were two-tailed
and p values <0.05 were considered statistically significant. Data

were analysed using SPSS (SPSS16.0 Inc., Chicago, IL).

3. Results

The progress of patients through the study is shown in Fig, 2, The
mean (SD) number of days monitored before ECOG PS assign-
ment was 5.6 (1.1) days (range 3-8 days). Sixty-eight percent (n =
68) of patients had breast cancer, 10% (n = 10) lung/thoracic
cancer, 9% (n = 9) colorectal cancer, 10% (n = 10) gynaecological
cancer and 3% (n = 3) prostate cancer. The majority (n = 98) had
undergone surgical removal of their tumour within the previous
month prior to oncology out-patient assessment when ECOG PS
was graded. Patient characteristics are listed in Table 2. Fourteen
consultant or registrar grade physicians in medical or radiation
oncology assessed patients and assigned ECOG PS in the course
of the study.

The majority (89%) of these ambulatory patients were
assigned a good PS (ECOG PS 0 or 1). Twenty-eight patients
were assigned an ECOG PS of 0, 61 patients a PS of 1, 6 patients
a PS of 2, and S patients a PS of 3. Due to small numbers in
ECOG categories 2 and 3, these categories were collapsed for
further analysis. Two participants were >80 years and the

Table 1 - Summary of the IPAQ (Intermational Physical Activity Questionnaire).

Leisure-time PA, transport-related PA, domestic and gardening (yard) activities,

Description Self-report physical activity (PA) questionnaire
Version used Long-form (can be downloaded from www.ipaqg ki se)
Domains assessed

work-related PA, time spent setting
Unit score MET-min week '
METs

msmmuluphsoﬂberesungmmhohcnmandammlphyslalamwtym(urrmmweek")

Computation of score

Follomng the scoring protoool (wwvupaqxue) time spent in vigorous, nwdente and

walking in each of the activity domains was calculated per day

Energy expenditure estimate measures were produced by weighting the reported minutes per
week for each activity category by an estimated MET energy expenditure equivalent nominated for
each activity category (3.3 METs walking, 4.0 METs moderate, 8.0 METs vigorous)




(n=165)

Refused (n=26)

Not encugh time to monitor
(n=12)

Lost to follow-up (n=12)
No oncology follow-up (n=8)

Recruited (n=107)

Battery connection
malfunction (n=2)

Non-adherence to monitor
wearing (n=3)

Technical fault of monitor
(n=2)

Moenitored successfully
(n=100)

Fig. 2 - Flow diagram of participants through the study.

majority of participants (98%) were <80 years. Seventy-five
(75%) of participants were aged <65 years (67 females, 8 males),
while 25 were aged >65 years (22 females, 3 males). Age was
significantly related to ECOG PS assigned (between groups p =
0.04) with differences identified between ECOG 0 and ECOG 2-3
categories (p = 0.02). The older cohort displayed significantly
higher Charlson co-morbidity scores compared to the younger
cohort (p < 0.001) (Table 2).

Analysis of accelerometry data showed that among partic-
ipants of all ages a large proportion of waking hours were spent
resting, which increased with worsening PS assigned (PS 0: 7.5
(2.5)h,PS1:8.2(2.0) h,PS 2-3:9.2 (1.2) h) (Table 3). ANOVA testing
showed that ECOG PS was significantly related to percentage
time spent resting as measured by an accelerometer (p = 0.04).
Post-hoc testing revealed the difference was between time
spent resting by participants assigned a PS of 0 and a PS of 2-3
(p = 0.02). There was a significant inverse correlation between
“percentage time in activity” as measured by the accelerometer
and ECOG PS assigned (rho = -0.26, p = 0.01). The mean (SD)
percentage time spent in any activity per day was 42.9% (17.9)
for PS 0, 36.9% (15.1) for ECOG 1, and 28.9% (10.7) for ECOG 2-3.
Within each PS category a small number of particdpants were
very active and spent minimal time resting (Fig. 3). However,
only 17 of the 100 patients spent more than 50% of waking hours
in any activity, however light. All 17 were assigned an ECOG PS
of 0 or 1; 4 of these were =65 years while 13 were <65 years.
No patient who was assigned an ECOG PS of 2 or 3 met this
cut-off.

There was no difference between percentage time spent
resting of those patients <65 years (n = 75) compared to
>65 years (n = 25) (mean (SD)) 61.5% (15.5) versus 64.9%
(17.3). When time spent sedentary for the older and younger
cohorts was considered in terms of PS assigned, there was a
trend for the elderly cohort of PS 0 to be less sedentary (5.9 (1.8} h
per day) than patients of PS0in the younger group (7.7 (2.6) h per
day), although the numbers were small and this difference did
not reach statistical significance.

Subjective PA data (IPAQ) is presented in Table 3. ECOG PS
was not significantly related to total estimated PA levels or
average hours spent sitting. Associations between ECOG and
subjectively measured PA are presented in Table 4.

4, Discussion

To our knowledge, this is the first study to compare ECOG PS
assigned to objectively measured PA in patients with newly-
diagnosed cancer, and to consider the PA levels of older patients
with cancer in relation to ECOG PS assigned. Our striking finding
was the time most patients of all ages, even those assigned a
good PS, spent at rest. Very few patients, even those assigned PS
0, spent less than 50% of waking hours at rest. In fact, nearly all
our subjects spent >50% of the day at rest (whether “confined" or
not), which would appear to correspond to an ECOG PS of 3.
Within ECOG PS categories 0 and 1, however, a small number of
participants were very active, confirming that the accelerometer
technology did indeed capture all activity.

Even though relative activity levels were much lower than
verbal descriptors of the ECOG PS scale for all PS assigned,
participants were still sub-classified appropriately according to
relative PA levels. We found that chronological age was not
predictive of activity levels, as, despite higher co-morbidity
scores, the older cohort was no less active than the younger
cohort. However, this was not reflected in the PS scoring; in fact,
there was a trend within the group assigned a PS of 0, for the
patients >65 years to be less sedentary than the younger patients,

The first question is whether the PS scores assigned by our
participating physicians were simply “wrong”. This is likely to be
an over-simplification — the explanation may be more related
to the fact that PS measures something different from PA as
evidenced by the low correlation between these variables. PS may
be considered more a measure of what you could potentially do
and PA is a measure of what you are doing. PS scoring also
encompasses the subtle concept of physidian judgement, which
may be important as despite the dichotomy between PS assigned
and objectively measured physical activity, PS has been shown to
be a strong predictor of toxicity and prognosis.

Health care professionals may expect higher levels of
PA in younger patients (<65 years) and those with fewer
co-morbidities, and therefore assign them better PS scores,
even though we did not find them to be more active than the
older patients. The meanings of the verbal descriptors of the
ECOG PS scale are likely to have shifted as the population
has become more sedentary over the 50 years since the scale
was devised. The vocabulary and phrasing of the ECOG PS scale
appear based on the premise that periods spent at rest reflect
disease-related restriction rather than habitual inactivity. In our
automated society, patients can be very sedentary, yet maintain



Table 2 - Demographic characteristics of participants and Charison co-morbidity index score (n = 100).

Combined group ECOGO ECOG1 ECOG 2-3
Age
Mean (SD) 54.7 (12.5) 50.2 (125) 55.8(11.8) 60.7 (14.0)
Range 24-82 24-77 30-82 37-79
265 years
Percentage (n) 25 (25) 16 (4) 64 (16) 20 (5)
Age (mean (SD)) 71.3(5.0) 708 (4.7) 711(5.3) 72.6 (4.9)
<65 years
Percentage 75 (75) 32 (29) 60 (45) 8(6)
Age (mean (SD)) 452 (8.8) 46.8 (9.6) 50.6 (8.2) 50.7 (10.4)
Gender (% female (n)) 89 (89) 100 (28) 85.3(52) 818 (9)
265 years (%(n)) 88 (22) 100 (4) 87.5(14) 80 (4)
<65 years (%(n)) 89.3 (62) 100 (28) 85.2 (52) 81.8 (9)
Co-morbidity index score (%(n)) 0 1 2 23 p value
Overall 58 (58) 28 (28) 9(9) 5(5
Separated by age >65/<65 < 0.001*
265 years 24 (6) 40 (10) 24 (6) 12 (3)
<65 years 69.3(52) 240(18) 40(3) 27(2)
Separated by ECOG 049"
ECOG 0 67.9(19) 250() 71(2 0(0)
ECOG 1 55.7 (34) 295 (18) 82(5) 6.6 (4)
ECOG 2-3 45.5(5) 273 (3) 182 (2 9.2(1)

Abbreviations; n = number, SD = standard deviation, % = percentage.
" Groups compared using 1 way ANOVA.
® Groups compared using Kruskall-Wallis test.

the ability to be fully functioning and feel unrestricted. Sitting
awake, completely immobile, could be described as time spent
“up and about” rather than “at rest” by those habitually inactive.

The impact of such low PA levels on toxicity and treatment
tolerability is not fully known at this time, as PA has not been

evaluated against these end-points. This underlines the need to
measure PA and record subsequent treatment tolerability and
toxicity. Only then can the case for integration of PA measure-
ment as part of an assessment for patients with cancer can be
made. Of note, given the low PA levels observed in this study, an

Table 3 - Physical activity results (objective (RT3) and self-report (IPAQ)) per ECOG PS level assigned.

ECOG PS assigned 0 1 2-3 p value Difference between groups”

RT3 (mean (95% CI))
Sedentary (h/day)

Overall 7.5 (6.5-8.5) 82(7.7-87) 9.2 (8.4-10.0) 004" PSO-PS2-3

265 years 59 (3.1-8.7) 8.4(6.9-9.5) 8.8 (7.4-10) 0.05° PSO-PS1and, PS0-PS 2-3

<65 years 7.7(6.7-8.8) 8.1(7.6-8.7) 9.5 (8.3-10.8) 0.05° PSO-PS2-3
Light (h/day)

Overall 4.7 (4.0-5.5) 43(3.847) 3.7 (2.5-5.0) 028 -

265 years 4.7 (1.8-7.6) 38(2.9-5.0) 36 (1.5-5.7) 0.63 -

<65 years 4.7 (3.9-5.6) 45(3.949) 38 (1.6-6.1) 055 -
Moderate/vigorous (h/day)

Overall 0.9 (0.4-1.3) 0.6(0.4-0.8) 0.2 (0.7-0.3) 009 -

265 years 11(-13-34) 0.6(0.02-1.2) 0.1 (-0.1-0.3) 042 -

<65 years 0.9 (0.4-1.3) 0.6(0.3-0.8) 0.2 (0.1-0.4) 027 -
IPAQ (mean (95% CI))
Total PA per week (MET-min)

Overall 2861.2 (1999.9-3722.5) 2515.8 (1637-3394.5)  759.0 (42.5-1560.5) 010 -

265 years 31545 (715.5-7024.5) 2552.9 (63.2-5042.6)  155.1(219.2-5294) 038 -

<65 years 2812.3 (260.4-2784.9) 2502.8 (1604.7-3400.9) 1262.3 (260.4-28949) 042 -
Time spent sitting per day (h)

Overall 5.7 (4.8-6.7) 7.2 (64-79) 7.2 (64-7.9) 007 -

265 years 5.2 (41-6.3) 7.1 (5.2-89) 8.0 (3.7-12.4) 034 -

<65 years 5.8 (4.7-6.9) 7.2 (63-8.1) 6.6 (3.0-10.2) 015 -

Abbreviations: [PAQ, International Physical Activity Questionnaire; SD,

standard deviation; 95% CI, 95% confidence interval.

“ If there was a difference in the ANOVA test, to determine which groups were significantly different, multiple comparisons were made using

the least significant difference (LSD) test.
* p=0.0s.
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Fig. 3 - Dot-plot of percentage time resting and ECOG PS assigned.

important consideration would be the sensitivity of the PA
measurement tool to detect very low levels of activity. The RT3
accelerometer used in this study has shown good levels of
reliability among sedentary groups.”***

There was no significant correlation between patients’
own estimation of physical activity (from IPAQ) and ECOG PS,
but a moderate association between IPAQ and accelerometer
data. That suggests that a patient’s estimation of his or her
own activity levels using the recall questionnaire may reflect
PA more accurately than the ECOG PS.

We acknowledge the difficulty of comparing ECOG PS, an
ordinal scale, to PA, a continuous multidimensional measure,
and that the ECOG PS scale was devised based on physician-
patient interaction, not objective assessment to reflect phys-
ical function including “self-care” and occupational activity as
well as absolute PA levels. As accelerometers measure all
activity, however slight, we feel they are a reasonable proxy
measure to explore comparison with the ECOG PS and clearly
an excellent way to measure true activity levels in patients
with cancer, including those >65.

Strengths of the current study were a heterogeneous
population of treatment-naive, ambulatory patients, each
measured at first treatment decision, and the assignment of
PS in the course of the initial cancer consultation by medical
or radiation oncology physicians who regularly selected
patients for clinical trials. A limitation of this study was
that participants 265 years only comprised 25% of the group.
Our recruitment of elderly patients and the composition of
that cohort may have been influenced by the exclusion of
those with cognitive difficulties and significant mobility
restrictions. A further limitation is that there were very few
males included in this study which may have consequences
for the general applicability of this study.

Nonetheless, this study raises interesting questions about
how we assess fitness for cancer therapy in a sedentary
society and whether physician expectations that PA levels will
be lower in older patients might influence PS scoring. We
found that the ECOG PS score did not reflect objective activity
levels but it still differentiated between the activity levels of
patient groups. Despite higher co-morbidity levels, elderly
patients were no less active than the younger cohort. There is
a need for longitudinal data linking PA levels to toxicity and
prognosis in order to advance the case for the integration
of objective PA tools as an adjunct to clinical assessment.
Objective PA measures might also help select fit elderly patients
who may tolerate intensive treatment well.
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Table 4 - Correlation (Spearman’s rho) of objective time (RT3) in activity (summation of time in light, moderate and vigorous

domains of activity) and ECOG PS score by self-report total PA (from IPAQ) and time spent sitting per day (from IPAQ).
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RT3 % time in activity
Correlation coefficient 059 -048
Significance (two-tailed) <0.001" <0001
ECOG PS
Correlation coefficient -034 0.023
Significance (two-tailed) 0.001" 0.03"

Abbreviations: IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalent.

* Correlation is significant at 0.05 level.
*_Correlation is significant at 0.01 level.
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