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Abstract
BACKGROUND: In a cross-sectional study examining late effects of pediatric sarcoma therapy,
long-term survivors were evaluated on their activities of daily living (ADL) performance.

PROCEDURE: Thirty-two persons with Ewing sarcoma family of tumors, rhabdomyosarcoma,
and non-rhabdomysarcoma-soft tissue sarcoma enrolled an average of 17 years after treatment.
Participants were evaluated using the Assessment of Motor and Process Skills (AMPS) [1], a
standardized observational evaluation of ADL task performance. Means and 95% confidence
intervals for ADL motor and ADL process ability measures were calculated for four groups: 1)
sarcoma survivors, 2) “well” adults matched for age and gender, 3) “well” adults matched for
gender that were 10 years older; and 4) “well” adults matched for gender that were 20 years older.

RESULTS: ADL motor ability was significantly lower for sarcoma survivors than for the age and
gender matched comparison group (p<0.05). There was no significant difference between ADL
motor ability of sarcoma survivors and the comparison group 10 years older, but sarcoma
survivors had significantly better ADL motor ability (p<0.05) than the oldest comparison group
(20 years older). Sarcoma survivors had significantly worse ADL process ability than the age
matched group (p<0.05). There was no difference in ADL process ability between the sarcoma
survivors and comparison groups that were 10 and 20 years older.

CONCLUSIONS: This first report of a clinical evaluation of ADL limitation in pediatric sarcoma
survivors treated with intensive multimodal cancer therapy suggests that influences on
performance of daily life activities are more common than previously reported.
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INTRODUCTION
While cancer is rare among those younger than 20 years of age, it is estimated that
approximately 12,400 children younger than 20 years old were diagnosed with cancer in
1998 with 2,500 dying of the illness in 1998 [2]. Improved diagnosis and comprehensive
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treatment of childhood cancers have increased the overall survival rate in this population.
For example, from 1991 to 2000, 79% of childhood cancer survivors were expected to be
alive at 5 years and approximately 75% at 10 years, compared with 56% expected to live >_
5 years after diagnosis during 1974-1976 [3].

As a growing number of long-term survivors reach adulthood [4], it has become increasingly
evident that they may develop long-term effects from cancer treatment received as children
[5-8]. Cancer researchers have followed their patients as long as 30 years after initial
treatment to pinpoint medical, functional, and emotional problems that may occur as a result
of treatment and to develop strategies for avoiding or addressing their treatment late effects
[9]. Treatment side effects can involve several biological systems, with cardiopulmonary
complications, endocrine effects, gonadal failure, neurocognitive deficits, and psychosocial
impacts widely reported [10-14].

The impact of late effects on “function,” activities of daily living (ADL) ability, and quality
of life has not been as clear, however. A review of the literature on ADL ability, including
self-care or personal ADL and domestic or instrumental activities of daily living [1], shows
that ADL ability/function is most commonly measured in the treatment phase. This is often
for decision-making purposes, e.g., scheduling admission [15] or discharge [16], or to note
patients' progress as they respond to chemotherapy [17]. In contrast, reports regarding long-
term follow-up of late effects using explicit measures of ADL ability are rare.

Rather than using distinct measures of ADL, most late effects reports employ quality of life
(QOL) and health-related quality of life (HRQOL) indicators, such as level of education
achieved, insurability, employability, and marriageability, to represent “function.” This
practice leads to conflicting results. For example, perceived health-related quality of life
among cancer survivors has been reported as equal to or better than that of normal controls
[18]. In contrast, Novakovic et al. [19] found that sarcoma survivors scored worse on
functional status than controls, based on scores from the Karnofsky performance status scale
[20]. In their review of quality of life studies, Langeveld et al. [21] noted that most did not
even measure functioning with standardized, well-validated instruments. Another factor
contributing to the confusion and contradiction around “functional” status are self-report
instruments or those based on broad functional classifications, whose ambiguity results from
many factors: known shortcomings of such instruments [22,23], potential for respondents to
unintentionally inflate their own “functional” status (from lack of self-awareness, mild
cognitive deficits, or short-term memory problems), and lack of specificity in scales
employing broad categories of function to describe daily performance. Franklin (2007)
observed that optimal functional assessment tools for cancer patients have yet to be
identified [24]. The literature on late effects and “function” shows equivocal results with a
range of problems from unaffected to some significant effects [10,21,25,26]. The
inconsistency is plainly linked to methodological shortcomings, and specifically to the
current state of “functional” outcome measurement in pediatric cancer survivors.

The purpose of our study was to examine the ADL functioning of a group of sarcoma
survivors using a well standardized ADL performance-based assessment.

METHODS
Participants

The Pediatric Oncology Branch (POB) at the National Cancer Institute (NCI), National
Institutes of Health (NIH) has treated pediatric sarcoma patients with multi-modality therapy
over the past 35 years. Treatment late effects observed in this cohort have been reported in
detail previously [27-29].
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The present study, part of a larger multidisciplinary study at the NIH, was approved by the
institutional review board of the NCI. All participants were enrolled after obtaining
informed consent. Study participants included 32 persons (17 males, 15 females) ranging in
age from 17 to 55 (mean age at time of treatment 16.2; range 7.1 to 34.2). All participants
had been diagnosed with Ewing sarcoma family of tumors, rhabdomyosarcoma, and non-
rhabdomysarcoma-soft tissue sarcoma and were enrolled an average of 17 years after
treatment at the NIH. Table I provides a breakdown of gender, age at diagnosis, age at
evaluation, time since treatment, site of lesion, diagnosis, and type of radiotherapy received.

For purposes of comparison, Assessment of Motor and Process Skills (AMPS) [1] ADL
motor and ADL process ability measures were randomly drawn from three groups of well
individuals without known medical or psychiatric illness, who are part of a standardization
sample within the international AMPS database: one group matched for age and gender, and
two groups matched for gender but 10 and 20 years older than study participants.

Instrumentation
The Assessment of Motor and Process Skills (AMPS) [1,30], a standardized objective
measure, was used to evaluate the quality of ADL task performance. The AMPS evaluates
16 ADL motor (e.g., “reaches,” “walks,” “stabilizes,” “bends”) and 20 ADL process (e.g.,
“terminates,” “paces,” “continues,” “notices and responds”) skills that are the smallest
observable units of ADL task performance. ADL motor skills are observable actions used to
move oneself and task objects. ADL process skills are observable actions used to organize
and adapt task actions to prevent or overcome problems. Eighty-five separate ADL tasks are
standardized for use with the AMPS. During AMPS administration, an occupational
therapist observes a client performing two culturally relevant ADL tasks with which he has
familiarity and prior experience from the list of calibrated AMPS tasks, such as preparing
breakfast or vacuuming a small room. The occupational therapist rates quality of
performance on each of the 16 ADL motor and 20 ADL process skills using a four-point
ordinal scale, ranging from deficient = 1 to competent = 4, according to very explicit,
specific criteria.

The AMPS [1] has been standardized on over 125,000 clients worldwide. Studies support
the reliability and validity of the AMPS across age groups and gender [31,32] and its
sensitivity as an outcome measure [33-41].

Procedure
The AMPS [1] was administered to study subjects in an occupational therapy clinic mock
apartment. Two occupational therapists trained in its use and calibrated with demonstrated
rater reliability administered the AMPS interchangeably and per standardized procedure.

Data Analysis
AMPS computer-scoring software [42] was used to generate ADL motor and ADL process
ability measures for each study participant. This program uses many-faceted Rasch analysis
described elsewhere [1,43,44] to convert the raw, ordinal ADL motor and ADL process skill
scores to linear ADL motor and ADL process ability measures expressed in equal-interval,
log odds probability units, termed “logits.” Higher logits represent better ADL ability.

Means and 95% confidence intervals for ADL motor and ADL process ability measures
were calculated for four groups of participants: 1) sarcoma survivors, 2) well individuals
matched for age and gender, 3) well individuals matched for gender who were 10 years
older than sarcoma survivors; and 4) well individuals matched for gender who were 20 years
older than sarcoma survivors. Differences in mean ADL motor and ADL process ability
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measures for the four participant groups were determined using one-way analyses of
variance with post-hoc Dunnett tests where sarcoma survivors were compared to each
comparison group (p<0.05).

Additional analyses were performed to further describe sarcoma survivors. Pearson
correlation coefficients were used to evaluate the relationships between ADL motor and
ADL process ability measures versus 1) age at evaluation, 2) age at diagnosis, and 3) time
since treatment among sarcoma survivors. An independent t-test was used to determine
gender differences in ADL motor and process ability measures for sarcoma survivors. One-
way analyses of variance with post-hoc Tukey tests were used to determine differences in
ADL motor and process ability measures among three mutually exclusive sub-groups of
sarcoma survivors by lesion site: axial lesions, extremity lesions without amputation, and
extremity lesions with amputation. Sarcoma survivors were also classified into mutually
exclusive sub-groups by the type of radiotherapy they received: total body irradiation,
cranial irradiation, whole lung irradiation, local irradiation, or no irradiation (i.e., those who
received surgery only) [27]. Two participants received both cranial and total body
irradiation. Both were included in the sub-group with total body irradiation, because the
long-term impact on function of the total body irradiation regimen is less widely reported
than that of cranial irradiation [45,46]. Mean ADL motor and ADL process ability measures
were compared between these treatment subgroups and the cohort of age and gender
matched well adults using analyses of variance with post-hoc Dunnett tests (p<0.05).

RESULTS
Comparison of AMPS scores between sarcoma survivors and comparison groups

Means and 95% confidence intervals for ADL motor and ADL process ability measures for
the sarcoma survivors and the three comparison groups are shown in Table II and Figures 1
and 2. Note that the age and gender matched well adults had the highest ability measures of
any of the groups. It is also noteworthy that among the well comparison groups, ADL motor
and ADL process ability tend to decline with increasing age, which is consistent with
previous reports in the literature [47,48]. ADL motor ability was significantly lower for
sarcoma survivors compared to the age and gender matched comparison group (p<0.05).
There was no significant difference between the ADL motor ability of sarcoma survivors
compared to the comparison group that was 10 years older, but sarcoma survivors had
significantly better ADL motor ability (p<0.05) compared to the oldest comparison group
(20 years older, Figure 1).

There was a significant difference in ADL process ability between the sarcoma survivors
and the age matched comparison group (p<0.05), such that the process ability of the sarcoma
survivors was lower. There was no difference in ADL process ability between the sarcoma
survivors and the comparison groups that were 10 and 20 years older (Figure 2).

Subgroup analyses of sarcoma survivors
There were no significant relationships between ADL motor or ADL process ability
measures and 1) age at evaluation, 2) age at diagnosis, or 3) time since treatment among the
sarcoma survivors. There were no gender differences in ADL motor and ADL process
ability measures among the sarcoma survivors. Sarcoma survivors with extremity lesions
requiring amputation had significantly lower ADL motor ability measures (1.60 +/− 0.23)
than those with extremity lesions that did not require amputation (2.86 +/− 0.53) or those
with axial lesions (2.98 +/− 0.73). However, there was no difference in ADL process ability
measures for these three groups.
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Table III and Figures 3 and 4 compare means and 95% confidence intervals for ADL motor
and process ability measures for the five sarcoma survivor treatment subgroups to the age
matched comparison group. Only the subgroup receiving cranial irradiation had significantly
lower ADL motor ability measures compared to the age matched comparison group (p<0.05,
Figure 3). ADL motor ability measures were equivalent between all other treatment
subgroups compared to the age matched comparison group. All five treatment subgroups
had significantly lower ADL process ability compared to the age matched comparison group
(p<0.05, Figure 4).

DISCUSSION
The purpose of this study was to examine the ADL functioning of a group of sarcoma
survivors using an objective, well standardized performance-based assessment. The study
showed that the ADL functioning of sarcoma survivors was worse than that of an age-
matched comparison group.

Once this finding was established, the degree of deficit was characterized by comparison to
standard performance of well subjects who were older than survivors. Selection of this
approach was informed by the metabolic syndrome literature which shows “early
senescence” of some organs as a late effect of sarcoma treatment, and the approach
acknowledges results suggesting a higher incidence of metabolic syndrome traits in our
cohort [49]. Although not suggesting a causative relationship between the metabolic
syndrome traits of subjects and their ADL performance deficits, the results are analogous to
findings for those with metabolic syndrome, who appeared to have early senescence of
certain organs and systems secondary to sarcoma therapy. In this study, survivors performed
worse than age matched well comparisons, but more like those 10 years older, and not as
much reduced as those 20 years older on ADL motor ability. They performed worse than
age matched comparisons, and more like those comparison groups both 10 and 20 years
older on ADL process ability. It is possible that some of the factors hypothesized to
contribute to the pathogenesis of the metabolic syndrome, such as increased stress, sedentary
behavior, or decreased activity levels [49], also played a role in the lower functional
performance measures on the AMPS.

Further data analysis was prompted by reports of specific effects of radiation therapy widely
noted in the cancer literature [50,51]. Since there were differences between study subjects
and well, age-matched comparison groups, ADL motor and process ability measures were
analyzed to detect differences related to radiation therapy. The sarcoma survivor group was,
therefore, divided into sub-groups by type of radiation therapy. The results are consistent
with the findings of other authors [46] regarding adverse events and functional effects of
radiation therapy: sarcoma survivors who received cranial radiation had significantly lower
ADL motor ability measures than well comparison groups; all sub-groups of radiation
therapy, as well as those who received surgery only, had significantly lower ADL process
ability measures than well comparisons.

As explanation for these lower ADL process ability measures, several subjects demonstrated
clear short-term memory problems, for example having trouble locating items previously
shown to them in the kitchen. Fisher says, however, that even more than the direct
demonstration of ability to organize a task and adapt when problems are encountered, the
AMPS process scale provides further information regarding the extent to which the person
has overcome residual neuromuscular, biomechanical, cognitive, and psychosocial
impairments and capacity limitations by using alternative or compensatory strategies during
task performance [1]. As a group, the study subjects demonstrated measurable limitations in
their ability to overcome residual deficits that affect functional performance in daily life. For
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some sarcoma survivors, generalized motor difficulty affected overall ability to organize and
adapt actions to complete a task, which in turn contributed to lower ADL process ability
measures.

Over the past two decades, the cancer literature has reported variable results on functional
abilities of long-term sarcoma survivors [52]. The selection of functional assessment tools
for cancer patients has been particularly problematic, especially since many questionnaires
completed by cancer patients were not designed specifically to elicit information about
function [8].

Measurements of functional ability or deficit are only as valid as the instruments used to
measure the ability; generic instruments, self-reports, and other commonly used tools lack
accuracy in measuring actual ADL ability. Information from contradictory reports about
ADL status in literature is not useful to clinicians who are following cancer survivors for
late effects. Depending on the approach to data collection on functional status, there is a risk
of “inflation” of the functional level of survivors, who may not be aware of their limitations
or may not report them accurately due to short-term memory problems or other mild
cognitive impairments. Functional impairments may be more widespread than currently
suspected, because reported study outcomes are directly related to the type of instrument
used to detect impairments. Continuing the practice of using a large gauge screen/sieve to
evaluate survivors' functional impairments will mean that many subtle but life affecting
problems/issues can be missed. Using a narrower, standardized, and witnessed screen is
likely to give more accurate, real-life information on the functional status of survivors,
particularly when ability to accurately self-report functional status is questionable.

Other authors [52] have confirmed our findings that cancer survivors are at increased risk
for functional limitations in physical performance and in participation in activities needed
for daily living, based on data abstracted from medical records and from completed
questionnaires. The current study actually measured functional ability by a standardized
observed performance assessment. This study was designed to see what could be measured
by using an observed evaluation of functional performance with documented validity and
reliability, expansive literature, but no accounts in this patient population.

This study is different from others cited, because it employed a direct observation using a
well standardized, objective assessment to evaluate functional performance. Significant
differences were found between our subjects' performance and that of matched comparisons
on both ADL motor and ADL process skills. Patients treated for sarcoma as children may
continue to have subtle effects on their daily life, even absent more obvious limiting
conditions such as amputation or central nervous system involvement.

This study had several limitations, including a small cohort representing a broad diversity of
age at diagnosis and variable time since completion of sarcoma therapy. It is not possible to
attribute causative treatment factors to the diminished functional outcomes observed on
testing; it is, however, worthy of note that the group had significantly worse motor and
process skills than well, age-matched peers. Subtle functional deficits can affect
independence in self-care, community skills, and vocational/academic success, and some of
the impairments that yielded lower AMPS ability measures may also play a role in outcomes
regarding employment, relationships, etc.

The results suggest that daily problems may be more routine than has been suggested
previously, and consequently survivors will have effects that influence their success, effort,
and satisfaction in personal and vocational pursuits [4]. The point in bringing this finding to
the attention of practitioners whose caseload includes adult survivors of childhood sarcoma
is that clinicians need to be aware of these potential vulnerabilities and ask more pointed
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questions concerning functional ability; ideally, clinicians and caregivers need to directly
observe the performance of survivors.

It is clear that survivors need long-term follow up by informed caregivers who are able to
give suitable advice that will help them to maintain their health and maximum social/
functional level of performance [9,53-57]. During the course of long-term follow up,
survivors are best helped by understanding their own potential vulnerabilities and risk
factors so as to track them with appropriate regularity. In order to improve the health status
of survivors, health care professionals are obligated to comprehensively educate their
patients about anxiety-provoking cancer-related risks using methods to promote ongoing
health monitoring and adherence to lifestyle practices that support risk reduction [25].

Finally, it is worth mentioning that many functional limitations from late effects may be
remediable by appropriate referrals for rehabilitation interventions along the course of long-
term survivorship [29], if survivors' health care providers are aware of the potential for these
limitations and refer their patients timely to qualified rehabilitation professionals for
appropriate evaluation and treatment [52,58-60].

CONCLUSIONS
Results from this study which employed a standardized, objective observational assessment
suggest that the influences of treatment late effects on performance of daily life activities
among pediatric sarcoma survivors are more widespread than reported, even among many
survivors with no noticeable physical impairment. Knowledge of potential areas of
functional deficit is important for clinicians of all types, and the findings reinforce the fact
that these deficits may be underreported [61]. Such potential vulnerabilities should be added
to the established list of possible late effects and this information incorporated into the
educational offerings of clinics and practitioners following sarcoma survivors, so as to
properly inform them of susceptibility profiles [62], risk factors, and predisposing factors
that may have an influence on their effectiveness and success in daily life.
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Figure 1. ADL Motor Ability Measures (logits) of Sarcoma Survivors and Comparison Groups.
Mean (± 95% CI)
▲ Significantly different from sarcoma survivors
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Figure 2. ADL Process Ability Measures of Sarcoma Survivors and Comparison Groups. Mean
(± 95% CI)
▲ Significantly different from sarcoma survivors
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Figure 3. ADL Motor Ability Measures (logits) by Cancer Treatment Group. Mean (± 95% CI)
▲ Significantly different from age and gender matched controls
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Figure 4. ADL Process Ability Measures (logits) by Cancer Treatment Group. Mean (± 95% CI)
▲ Significantly different from age and gender matched controls
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Table I

Patient Characteristics (n=32)

Gender

 Male 17

 Female 15

Age at Diagnosis

 7-10 yrs 4

 11-20 yrs 26

 21-30 yrs 1

 31-35 yrs 1

Age at Evaluation

 17-20 yrs 2

 21-30 yrs 11

 31-40 yrs 8

 41-50 yrs 9

 51-55 yrs 2

Time since Treatment

 3-10 yrs 7

 11-20 yrs 12

 21-30 yrs 10

 31-33 yrs 3

Lesion Site

 Axial 16

 Extremity without amputation 12

 Extremity with amputation 4

Diagnosis

 Ewing's sarcoma family of tumors 27

 Alveolar rhabdomyosarcoma 3

 Primitive sarcoma of bone 1

 Synovial sarcoma 1

Type of Irradiation

 Local therapy 10

 Total body irradiation 7

 Cranial irradiation 6

 Whole lung irradiation 5

 None 4
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Table II

Comparison of mean ADL motor and ADL process ability measures (±95% confidence intervals) for sarcoma
survivors and comparison groups (p<0.05)

Mean ± 95% confidence interval

Groups Sample
size

ADL Motor Ability
Measures (logits)

ADL Process Ability
Measures (logits)

Sarcoma survivors 32 2.76 (2.49, 3.03) 1.69 (1.58, 1.80)

Well adults matched for
age and gender 32 3.08 (2.92, 3.25)* 2.28 (2.11, 2.44)*

Well adults matched for
gender and 10 years older 32 2.55 (2.41, 2.68) 1.87 (1.71, 2.02)

Well adults matched for
gender and 20 years older 32 2.35 (2.18, 2.52)* 1.57 (1.40, 1.74)

*
Significantly different from sarcoma survivors
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Table III

Comparison of mean ADL motor and ADL process ability measures (+95% confidence intervals) for
treatment subgroups (among sarcoma survivors) and age matched comparisons. (p<0.05)

Mean ± 95% confidence interval

Groups Sample
size

ADL Motor Ability
Measures (logits)

ADL Process Ability
Measures (logits)

Well adults matched for
age and gender 32 3.08 (2.92, 3.25) 2.28 (2.11, 2.44)

Sarcoma survivors:
(N=32)

 Total body radiation 7 2.52 (1.61, 3.43) 1.49 (1.28, 1.70)†

 Cranial radiation 6 2.38 (1.69, 3.06)† 1.74 (1.52, 1.96)†

 Whole lung radiation 5 2.82 (2.09, 3.55) 1.68 (1.25, 2.11)†

 Local irradiation 10 3.29 (2.88, 3.69) 1.86 (1.64, 2.08)†

 No irradiation (surgery only) 4 2.37 (1.86, 2.88) 1.56 (1.21, 1.90)†

†
Significantly lower than age and gender matched comparisons
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