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Abstract

Introduction/Purpose—Childhood cancer survivors (CCS) experience late effects that interfere
with physical function. Limitations in physical function can impact CCS abilities to actively
participate in daily activities. The purpose of this investigation was to evaluate the concordance
between self-reported physical performance and clinically evaluated physical performance among
adult CCS.

Methods—CCS 18+ years of age and 10+ years from diagnosis who are participants in the St.
Jude Lifetime Cohort study responded to the physical function section of the Medical Outcome
Survey Short Form (SF36). Measured physical performance was evaluated with the physical
performance test (PPT), and the six minute walk test (6EMW).

Results—1778 individuals (50.8% female) with a median time since diagnosis of 24.9 years
(range 10.9-48.2) and a median age of 32.4 years (range 19.1-48.2) completed testing. Limitations
in physical performance were self-reported by 14.1% of participants. The accuracy of self-report
physical performance was 0.87 when the SF-36 was compared to the 6MW or PPT. Reporting
inaccuracies most often involved reporting a physical performance limitation. Poor accuracy was
associated with previous diagnosis of a bone or central nervous system tumor, lymphoma, older
age, and large body size.

Conclusion—These results suggest that self-report, using the physical performance sub-scale of
the SF-36 correctly identifies CCS who do not have physical performance limitations. In contrast,
this same measure is less able to identify individuals who have performance limitations.
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Introduction

Paragraph Number 1 Survival rates following a diagnosis of childhood cancer have
increased dramatically over the past four decades (30). This increase has resulted in an
estimated 366,000 survivors of childhood cancer living in the United States (14). An
expanding body of literature demonstrates that cancer treatment, which may consist of some
combination of surgery, chemotherapy or radiotherapy, can have long term and damaging
effects on growing children (2). Chronic health conditions are prevalent in over 70% of
survivors 30 years from cancer diagnosis and can include subsequent neoplasms,
cardiopulmonary dysfunction, metabolic abnormalities, neuroendocrine disorders,
neurocognitive disability, neurological or sensory impairment and musculoskeletal
disability(24).

Paragraph Number 2 Previous literature suggests that these late effects make cancer
survivors at least five times more likely to have functional impairments and twice as likely
to have activity limitations than siblings (22). The compound effects of treatment-related
impairments and inactivity during and post cancer treatment contribute to muscle atrophy,
cardiorespiratory deterioration, bone loss and diminished physical performance abilities
(34). These impairments and limitations have the potential to negatively impact survivors'
abilities not only for leisure time physical activities, but also for social recreation that
requires a certain degree of community mobility (23). At the extreme, significant loss of
physical performance may even interfere with simple tasks required for daily living, like
bathing, dressing and meal preparation.

Paragraph Number 3 Prevalence estimates for physical performance limitations among
cancer survivors range from 9.5% to 19.6% (21, 33). This variation is likely because
different methods of assessment may affect the accuracy of physical disability estimates (16,
36). Several studies suggest that questionnaires, either self-reported or interviewer
administered, tend to underestimate physical disability when compared to clinical evaluation
(13, 32). These discrepancies make documenting the burden of physical disability difficult.
It is important to be able to accurately identify CCS with clinically ascertained physical
disability as these are the individuals who are most likely to benefit from intervention to
remediate functional loss. With this in mind, the primary aim of this investigation was to
evaluate the accuracy of self-reported physical performance limitations in childhood cancer
survivors.

Material and Methods

Study population

Paragraph Number 4 Participants were members of the St. Jude Lifetime cohort (SJLIFE), a
study of adult survivors of pediatric cancer treated at St. Jude Children's Research Hospital
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(SJCRH). The primary aim of SILIFE is to evaluate health outcomes among childhood
cancer survivors as they age. Participants had a previous diagnosis of a childhood
malignancy treated at SICRH, were 18 years of age or older, at least ten years from
diagnosis, and were willing to return to SJICRH for evaluation. These analyses include
survivors who completed an initial medical follow-up visit and functional assessment
between November 2007 and April 2012. All procedures were approved by the SICRH
Institutional Review Board. Written informed consent was obtained for each study
participant prior to testing.

Paragraph Number 5 Among the 4263 potentially eligible members of the SILIFE cohort,
4129 had been invited to participate as of April 30, 2012. In the first 63 blocks, 3034
patients were eligible for our study. Non-participants included 678 who actively or passively
declined participation, 60 who were lost to follow-up and 270 who agreed to participate, but
who had not yet been scheduled for their visit, 162 who agreed to complete a survey, but not
to return for a medical evaluation, 40 who completed a medical evaluation, but not a
functional assessment (Figure 1). Our analysis includes 1778 participants, 58.6% of those
eligible.

Population characteristics

Paragraph Number 6 Demographic and cancer treatment data were obtained from medical
records by trained abstractors. All abstractions were reviewed and approved by a physician.
Height and weight were measured without shoes using a wall mounted stadiometer and an
electronic scale, respectively. Body mass index (BMI) was calculated by dividing weight in
kilograms (kg) by height in meters squared (m?2).

Self-reported physical performance limitation

Paragraph Number 7 As part of their SILIFE evaluation, participants completed a battery of
health questionnaires, one of which includes the 10-item physical functioning subscale of
the Medical Outcomes Study Short Form 36 (SF-36) (3, 38). The SF-36 is a widely used
generic health related quality of life questionnaire that has been tested in multiple
populations, including cancer survivors (29, 39). It is valid (r=0.40) and reliable (Cronbach
alpha 0.82 to 0.90) (26, 29, 37, 39) and takes 5 to 10 minutes to complete. Raw scores were
summed for each 10 items on the physical functioning subscale and converted into T-scores
with a population mean of 50 and a standard deviation of 10 (37, 39). As in previous
analysis, we classified individuals with T-scores of <37 on the physical function subscale as
having self-reported physical performance limitations (28). This corresponds to the lowest
10t percentile of the general population (3, 37, 39).

Clinical assessment of physical performance limitations

Paragraph Number 8 Two clinical measures were used to categorize physical performance
limitations. During a comprehensive functional assessment, study participants completed the
Physical Performance Test (PPT) and the Six Minute Walk test (6MW). The seven item
PPT, originally described by Reuben and Siu,(27) is an assessment of the time it takes to
complete each of a series of tasks typically performed during activities of daily living. It has
been used in geriatric patient populations to identify mild to moderate frailty and to predict
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risk for falls (5). Scores on the PPT are inversely correlated with degree of disability, loss of
independence and early mortality (5, 8). Scores on the PPT range from 0-28. Patients were
observed and timed as they 1) wrote a brief sentence, 2) simulated eating, 3) lifted a book
and put it on a shelf, 4) put on and removed a jacket, 5) picked up a penny, 6) walked 50 ft.,
and 7) turned around in place. Participants with PPT scores < 17 were classified as having a
clinically identified physical performance limitation. A cut point of <17 corresponds to
being unlikely to function in the community independently (12). The 6MW test is a general
measure of physical fitness. Researchers have used the test to evaluate cardiorespiratory
fitness in specific populations including those with respiratory disease (6), cystic fibrosis
(11), and cancer (17). Healthy reference populations have been evaluated and provide
normative data for comparison (9, 15). Participants were asked to walk indoors on a level
surface for six minutes. They were instructed to walk as quickly as possible without running;
standardized encouragement was provided each minute. Heart rate was monitored
continuously with a polar heart rate (RS100; Lake Success, NY), and recorded along with a
rating of perceived exertion (Borg scale) before beginning the test, at two minute intervals
throughout the test, and following a two minute recovery period. Total distance walked was
recorded in meters. Participants who walked distances < 300 meters were classified as
having a clinically identified physical performance limitation. The cut point of <300 meters
corresponds to an aerobic capacity equivalent to moderate housework (i.e. sweeping floors
or carrying groceries) (7, 31, 40).

Statistical analysis

Results

Paragraph Number 9 Descriptive statistics were used to characterize the study population
and the distribution of scores on the SF-36 physical function subscale, the PPT and the
6MW test. Demographic and treatment variables were compared between participants and
non-participants with two-sample t-tests, non-parametric equivalents or chi-squared statistics
(or fisher's exact tests) as appropriate. Statistical diagnostic tests (sensitivity or the
proportion of positives correctly identified; specificity or the proportion of negatives
correctly identified; accuracy or the proportion of positives and negatives correctly
identified; and Cohen's kappa coefficient or inter-rater agreement) (1, 35) were used to
evaluate the diagnostic accuracy of, and agreement between, self-reported physical
performance limitations when each clinical assessment of physical performance was used as
the “gold” standard. Logistic regression models were used to identify survivors who were
most likely to report a limitation when one was not clinically apparent (“false positives”)
after adjusting for gender, age, diagnosis, obesity status, and time since diagnosis. SAS
version 9.2 (SAS Institute, Cary NC) was used for all analyses.

Study participants

Paragraph Number 10 The demographic and treatment characteristics of the 1778
participants are shown in Table 1. Slightly more than half of the survivors were female
(50.8%), and leukemia comprised the most common childhood malignancy (45.3%). The
median age at diagnosis was 6.8 (range 0-24.8) years and the median time since diagnosis
was 24.9 (10.9-48.2) years. Overweight and obesity were present among 29.0% and 36.3%
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of survivors, respectively. Participants did not differ from non-participants by primary
diagnosis or age at diagnosis, but were more likely to be female (p<0.01).

Physical performance

Paragraph Number 11 The mean scores on the SF-36 physical function scale and the
physical performance test, and the mean distance walked in six minutes are shown in (see
Table, SDC 1, Reported and measured physical function scores) by sex, diagnosis group,
age at diagnosis, age at evaluation, time since diagnosis and body mass index. Males walked
farther than females on the 6 MW test, but scored similarly on the SF-36 and PPT.
Individuals with either a bone or central nervous system (CNS) tumor had the lowest scores
on the physical function subscale of the SF-36, the physical performance test, and walked
the shortest distances during the 6MW test. Age at diagnosis was associated with scores on
the SF-36 physical function subscale. Older study participants scored lower on the SF-36
physical function subscale, physical performance test and walked shorter distances during
the 6MW test. A BMI of > 40 kg/m? was associated with a lower score on the physical
function subscale of the SF-36. A BMI of < 18.5 kg/m? or =35 kg/m? was associated with
lower physical performance test scores. Similarly a BMI of =35 kg/m? was also associated
with shorter walking distances during the 6 MW test.

Paragraph Number 12 The percentages of individuals classified with physical performance
limitations according to the selected cut points for each measure are shown in Table 2. The
percentage of individuals who self-reported physical performance limitations was highest
among survivors treated for CNS tumors (22.0%), bone tumors (18.8%), or lymphoma
(18.1%). Survivors older than age 50 years (34.5%), who had survived longer than 40 years
(32.3%) or who had BMI values < 18.5 kg/m? (20.3%) or >40 kg/m? (25.2%) were also
most likely to report physical performance limitations. Physical performance limitations
assessed with the PPT were most prevalent among CNS tumor survivors (12.8%),
individuals who had survived =40 years from diagnosis (11.3%) and in individuals with
BMIs < 18.5 kg/m? (10.9%). Physical performance limitations, assessed with the 6MW test
were most prevalent in bone and CNS tumor survivors (15.6% and 9.2%), survivors older
than age 50 years (13.8%) and among survivors whose BMI was <18.5 kg/m?2 (12.5%) or
>40 kg/m? (11.2%).

Sensitivity, Specificity, and Accuracy

Paragraph Number 13 The overall sensitivities and specificities of self-reported physical
performance limitations when compared to physical performance limitations measured and
classified according to the two clinical assessments were 0.59 and 0.89 for the 6MW and
0.69 and 0.87 for the PPT, respectively (Table 3). When self-reported physical function was
compared to 6MW or PPT, 13% of participants in this cohort were misclassified (Table 4).
The positive predictive values for the 6MW (26%) and the PPT (14%) indicate that using the
physical function subscale of the SF-36 with a cut point of 37 overestimates the prevalence
of physical performance limitations when the clinical measures are considered the “gold
standard”. The strength of the kappa coefficients in overall comparisons showed only fair or
slight agreement between the SF-36 physical function subscale and the 6MW test (0.30;
95% CI 0.23-0.36) or PPT (0.19; 95% CI 0.13-0.25).
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Paragraph Number 14 The sensitivity, specificity, accuracy and percent agreement of the
SF-36 physical function subscale measure varied by diagnostic group and the outcome
standard used. When the 6MW test was used as the comparison standard, sensitivity and
specificity ranged from 0.50 and 0.84 among lymphoma survivors to 0.85 and 0.84 in CNS
survivors. Accuracies ranged from 0.82 in lymphoma survivors to 0.88 in leukemia
survivors. When the PPT was used as the comparison standard, sensitivity and specificity
ranged from 0.67 and 0.82 in bone cancer survivors to 0.80 and 0.90 in leukemia survivors.
Accuracy ranged from 0.80 in bone cancer to 0.90 in leukemia survivors. Kappa values were
better for agreement between the SF-36 physical function subscale measure and the 6MW
test than they were for agreement between the Sf-36 physical subscale measure and the PPT.

Characteristics of those who are misclassified by self-report

Paragraph Number 15 When the 6MW test was used as the comparison standard for the
SF-36 physical function subscale, 13.0% of the participants were misclassified. Nearly all
(10.5%) of the misclassifications were individuals whose SF-36 physical function subscale
score indicated that they had a physical performance limitation but whose distance walked in
6 minutes did not indicate a limitation (Table 4). Lymphoma (15.0%) and central nervous
system tumor (14.2 %) survivors, survivors >50 years (25.9 %), those with >40 years of
survivorship (24.2), and those with a BMI >40 kg/m? (16.1%) had the highest rates of false
positive diagnosis when the 6MW considered the gold standard.

Paragraph Number 16 In multivariable models, CNS survivors were 2.6 times (95% CI 1.5-
4.6) and lymphoma survivors were 1.5 times (95% CI 1.0-2.4) more likely than leukemia
survivors to report a physical performance limitation when their 6MW distance did not
indicate a limitation (Table 5). In multivariable models, age and body size were also
associated with reporting a physical performance limitation when one was not present. For
each one year increase in age, the odds ratio of reporting a limitation when one was not
present was 1.05 (95% CI 1.01-1.08) in multivariable models. In multivariable models,
normal weight individuals were less likely to report a physical performance limitation when
one was not present than were than obese individuals (OR 0.7; 95% CI 0.5- 0.9).

Paragraph Number 17 When the PPT was used as the comparison standard for the SF-36
physical function subscale, 13.0% of the participants were misclassified. Nearly all (12.2%)
of the misclassifications were individuals whose SF-36 physical function subscale score
classified them with a physical performance limitation but whose score on the PPT did not
indicate a limitation. Lymphoma (17.1%) and bone cancer (17.2 %) survivors, survivors >50
years (31.0 %), those with >40 years of survivorship (25.8), and those with a BMI >40
kg/m?2 (21.7%) had the highest rates of false positive diagnosis when the PPT considered the
gold standard.

Paragraph Number 18 In multivariable models, CNS tumor, bone tumor, and lymphoma
survivors were 2.5 times (95% CI 1.4- 4.4), 1.9 (95% CI 1.1- 3.3) and 1.7 times (95% ClI
1.1-2.6) more likely, respectively, than leukemia survivors to report a physical performance
limitation when their PPT score did not indicate a limitation. In multivariable models, age
and body size were also associated with reporting a physical performance limitation when
one was not present. For each one year increase in age, the odds of reporting a limitation
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when one was not present was 1.05 times (95% CI 1.02-1.08) in multivariable models. In
multivariable models, normal weight individuals were less likely to report a physical
performance limitation when their PPT score did not indicate a limitation than obese
individuals (OR 0.6; 95% CI 0.5- 0.8).

Discussion

Paragraph Number 19 Self-reported physical function has been used widely to indicate the
abilities of childhood cancer survivors to successfully navigate their homes, schools, work
places and communities for everyday living, social interaction and recreation. Our study
indicates that most CCS accurately report their physical performance limitations. Those who
incorrectly report physical performance limitations report a problem when one is not
clinically apparent. Those with CNS or bone tumors, those who are older and those who are
either over or underweight are most likely to misclassify their physical performance status.

Paragraph Number 20 To our knowledge, no study has previously evaluated the accuracy of
self-reported physical performance, measured with the physical function subscale of the
SF-36, in a cohort of childhood cancer survivors. Our findings are similar to those reported
in elderly cohorts from the United States and Spain (10, 18, 19). Kelly-Hayes and colleagues
reported that 11% of an elderly cohort in the United States were misclassified when reported
task limitation was used to assess poor performance and compared to the clinician's
observation of limitation on the same activities (18). As in our study, among those who were
misclassified, the majority reported a performance limitation when one was not present
according to the clinical measure (18). Ferrer et al reported agreement between self-reported
physical limitations on an interview based survey and performance on a four meter walk test
in an elderly Spanish cohort that mirror those seen in our cohort (10).

Paragraph Number 21Conversely, our findings are in contrast to research among older adults
that have evaluated the influence of data collection methods with physical performance
limitations as the outcome of interest. These studies consistently report that surveys, self- or
interviewer administered, under estimate the prevalence of physical performance limitations
when compared to clinical evaluations (13, 16, 32, 36). This difference may be because
childhood cancer survivors, several decades younger than members of these elderly cohorts,
have different perceptions of impaired physical function, focused more on aerobic capacity
and mobility and less on activities necessary for simple daily living. Accordingly, in our
cohort, the 6MW had better agreement with self-reported physical function than did the
PPT.

Paragraph Number 22 A secondary analysis of those who self-reported a physical
performance limitation showed that those most likely to report a limitation were also most
likely to be misclassified by the SF-36 physical function subscale. For example, survivors of
lymphoma, CNS tumors, and bone tumors were more likely than leukemia survivors to self-
report a limitation according to the SF-36 physical function subscale, and also more likely to
report a limitation when one was not detectable by either the 6MW test or PPT criteria.
Additionally, rates of disability by self report among older study participants or those who
were under weight or obese were higher. These survivors were more likely to report a
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limitation when one was not clinically detectable. These findings complicate assessment of
physical function since those who appear most at risk for physical performance limitations
are also most likely to be misclassified when self-report is used to capture these outcomes.

Paragraph Number 23 Measurement of physical performance limitations is difficult and
previous work suggests that a global approach to function is needed to correctly classify
physical function status(4, 6). When evaluating physical function among childhood cancer
survivors, it is also important to consider that they may have emotional and cognitive
outcomes that influence both their abilities to report and their perceptions of their physical
abilities(20). The physical function subscale of the SF-36 is a component of a larger generic
health-related quality of life instrument, and reporting on this measure certainly is
influenced by cognitive and emotional constructs. The PPT (a tool designed to assess
dimensions of physical function common in everyday life) and 6MW test (a tool that
evaluates aerobic capacity and mobility) are more direct measures of immediate
performance, and are less likely than a self-report measure to be influenced by cognitive
abilities and emotional overlay. The inclusion of tools that directly evaluate physical
function may be a useful addition to traditional self-reported measures.

Paragraph Number 24 The findings of this study should be considered in the context of
potential limitations. First, not all of the individuals eligible for our study participated. It is
possible that those who chose not to or who were unable to participate had more or fewer
physical performance limitations than those who were able to participate. Because we could
not assess physical performance limitations in non-participants, we have no way to evaluate
the magnitude or direction of this bias. Second, the participants in our cohort were more
likely to be female than the non-participants. Because our results did not differ by sex, this is
unlikely to have impacted our findings (25). Additionally, the instruments and cut points we
selected, while validated and widely used in cancer survivor and other populations, (12, 15,
26, 31, 40) are not the only measures of physical performance available. Other self-report
measures may have better concordance with the 6MW test and, or the PPT. Finally, cell
sizes were small for the comparisons between the SF-36 and the PPT, and when data were
stratified by diagnosis and gender. This increased the variability of our estimates and made it
difficult to draw conclusions about measured versus self-reported physical performance
limitations in specific subgroups.

Paragraph Number 25 Nevertheless, our analysis provides preliminary information that
indicates that self-report, while not perfect, accurately identifies individuals without physical
performance limitations. In contrast, self-report is less reliable for identifying individuals
with physical performance limitations with only a modest level of sensitivity. Interpretation
of self-report data regarding physical performance should take into account the potential for
misclassification. Our results show that a using self-report misclassified some survivors of
childhood cancer as having a physical performance limitation when one is not detected with
clinical performance measures, which likely inflates overall prevalence estimates of this
outcome in the childhood cancer survivor population. Our results also identify survivors
whose self-report data may be less optimistic about their performance than is their actual
physical performance when evaluated with a clinical tool.
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Figure 1. Consort diagram as of April 30, 2012
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Table 1
Demographic Data
Participants Non-participants

N=1778 % N=1256 %
Gender
Male 875 49.2 708 56.4
Female 903 50.8 548  43.6
Diagnosis
Leukemial 805 453 510 406
Lymphoma 321 181 228 18.1
Bone tumor 2 128 7.2 88 7.0
CNS tumor 141 79 110 88
Other3 383 215 320 255
Ageat Diagnosis (Years)
0-4 696 39.2 480 38.2
5-9 434 244 320 255
10-14 380 214 268 21.3
215 268 15.1 188 15.0
Ageat Study (Years)
18-29 660 37.1 - -
30-39 726  40.8 - -
40-49 334 188 - -
50-60 58 3.3 - -
Time Since Diagnosis (Years)
10-19 466  26.2 - -
20-29 813 457 - -
30-39 437 246 - -
40-48 62 35 - -
BMI™ (kg/m?)
<185 64 36 - -
18.5-24.9 553 311 - -
25.0-29.9 515  29.0 - -
30.0-34.9 339 191 - -
35.0-39.9 164 9.2 - -
240 143 80 - -

Acute lymphoblastic leukemia, chronic myeloid leukemia acute myeloid leukemia, other leukemia

2_
Ewing sarcoma, osteosarcoma

Page 13

3. . . . .
Carcinoma, germ cell tumor, hepatoblastoma, melanoma, Wilms tumor, retinoblastoma, neuroblastoma, rhabdomyosarcoma, soft tissue sarcoma,

other malignancy

Central nervous system tumor
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*
BMI=Body mass index, kg/mZ:kilograms per meter squared
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