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Abstract
Objective—To evaluate health status and participation restrictions in childhood extremity
sarcoma survivors.

Design—Members of the CCSS cohort with extremity sarcomas, who completed 1995, 2003 or
2007 questionnaires, were included.

Setting—Cohort Study of extremity sarcomas survivors.

Participants—Childhood cancer survivors diagnosed and treated between 1970–1986.

Interventions—Not applicable.

Main Outcome Measure—Prevalence rates for poor health status in six domains and five sub-
optimal social participation categories were compared by tumor location and treatment exposure
with generalized estimating equations adjusted for demographic/personal factors and time/age.

Results—Among 1094 survivors, median age at diagnosis 13 years (range 0–20), current age 33
years (range 10–53), 49% were male, 87.5% Caucasian, and 75% had lower extremity tumors. In
adjusted models, when compared to upper extremity survivors, lower extremity survivors had
increased risk of activity limitations but lower risk of not completing college. Compared to those
who did not have surgery, those with limb-sparing (LS) and upper extremity amputations (UEA)
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were 1.6 times more likely to report functional impairment; while those with an above the knee
amputation (AKA) were 1.9 times more likely to report functional impairment. Survivors treated
with LS were 1.5 times more likely to report activity limitations. Survivors undergoing LS were
more likely to report inactivity, incomes < $20,000, unemployment and no college degree. Those
with UEA more likely reported inactivity, unmarried status and no college degree. Lastly, those
with AKA more likely reported no college degree. Treatment with abdominal irradiation was
associated with increased risk of poor mental health, functional impairment and activity limitation.

Conclusion—Treatment for lower extremity sarcomas is associated with a 50% increased risk
for activity limitations; upper extremity survivors are at 10% higher risk for not completing
college. Type of local control influences health status and participation restrictions. Both these
outcomes decline with age.
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The introduction of multi-agent chemotherapy1–3 and the use of effective local control
modalities have dramatically improved outcomes for patients with pediatric sarcomas.
Current series report 5 year event-free survival of 60–70% for these children.4–9 Sarcoma
survivors, however, remain at high-risk for medical complications as they age, because their
treatment includes high doses of chemotherapy along with aggressive surgical resection and/
or high-dose radiotherapy.10 Survivors whose sarcoma was located in either the limb or the
limb girdle may experience long-term neurosensory and musculoskeletal impairments that
eventually interfere with overall function and health.11

Sensory impairments are particularly problematic for children whose treatment required
surgical resection of peripheral nerves or extensive cutaneous tissue,12 and gonadal
disorders may contribute to altered growth in children whose treatment included pelvic
radiation or surgery.13 Bone mineral density deficits have been reported among survivors
treated with radiation to the skeleton, and among those who were exposed to glucocorticoids
or cyclophosphamide during treatment.14, 15 Skeletal dysplasia and asymmetry,16–18 limb
shortening,19–21 and spinal growth abnormalities,22 such as scoliosis or kyphosis 13 are
possible if the growth plate is ablated or damaged during surgery or radiation therapy.
Weakened bones are susceptible to fracture;23 structural abnormalities interfere with internal
organ system and limb function. Muscular hypoplasia, atrophy,21, 24 fibrosis,
weakness,19, 20, 25 and limited joint range of motion19, 21 are possible outcomes.
Additionally, prosthetic failure among childhood bone sarcoma survivors who undergo limb
sparing surgeries often necessitates additional surgical intervention.26

Previous reports from the Childhood Cancer Survivor Study (CCSS) have shown that
extremity sarcoma survivors are at increased risk of poor health status,27 and that poor
health status is associated with participation restrictions, such as lower educational
achievement, unemployment, and less than optimal levels of physical activity.27 Previous
studies have not compared differences in health status and participation among extremity
sarcoma survivors by tumor location, nor have they evaluated in detail whether or not the
modalities used for local control management influence either health status or participation
outcomes. This paper compares health status and participation restriction outcomes between
upper and lower extremity sarcoma survivors and examines the influence of the type of local
control treatment on these outcomes. We also evaluate health status and participation
restriction outcomes longitudinally in this patient population to determine if the trajectory
over time varies as a function of tumor location (upper or lower extremity).
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Methods
Patient Population

The CCSS is a retrospective cohort study of patients diagnosed with childhood cancer before
21 years of age, who survived five or more years, and who were treated at one of 26
participating institutions between January 1, 1970 and December 31, 1986.28 The CCSS
protocol was reviewed and approved by the human subjects committee at each participating
institution and informed consent was obtained prior to study participation. Survivors who
consented for the study were eligible to participate in a baseline questionnaire, and a
subsequent series of questionnaires designed to capture major health events and other
focused topics.29 Copies of the CCSS questionnaires and the treatment abstraction forms are
available at: http://ccss.stjude.org/.

For the present study, we included individuals enrolled in the CCSS with either a bone or
soft tissue sarcoma located in the upper (including the scapular and clavicular areas) or
lower (including the sacrum and pelvis) extremity who were alive and participated in the
baseline (1994–96), 2003 and/or 2007 questionnaires.

Cancer Treatment Information
Information on the initial characteristics and treatment for the cohort were obtained from the
treating institution on all participants who returned a signed medical release. Information
collected included initial treatment with specific chemotherapy agents, doses of these agents,
surgical procedures performed following diagnosis as well as tumor site and fields and doses
of radiotherapy.

Variable Definitions
Outcome—Our study evaluated health status on three separate occasions (baseline, 2003,
2007 questionnaires) using 6 different domains including: general health, mental health,
functional impairment, activity limitations, pain and anxiety. Participation restrictions were
also evaluated longitudinally at three different occasions (baseline, 2003, 2007
questionnaires) using educational achievement, unemployment, marital status, annual
income < $ 20,000 and activity limitations.30

For general health, survivors were asked “Would you say your health is excellent, very
good, good, fair or poor?” Participants who responded fair or poor were considered to have
poor health. The 18-item Brief Symptom Inventory (BSI-18), a self-report measure of
psychological symptoms, was used to assess mental health. Raw scores on each subscale
were converted to gender specific T-scores and those who scored 63 or higher on any one of
the three subscales or on the global status index31, 32 were classified as reporting poor
mental health.

Poor functional status was determined based on participants’ answers to three questions that
asked if any impairment or health problem resulted in: 1) needing help with personal cares;
2) needing help with household chores; or 3) difficulty attending work or school. Those who
responded yes to any of these questions were classified as having poor functional status.
Activity limitation was determined based on participants answers to three questions that
asked if over the last two years they were limited in activity for more than three months in:
1) kinds or amounts of moderate activity (moving a table, carrying groceries); 2) walking or
climbing a few flight of stairs; 3) walking one block. Those who indicated that their health
limited any of these activities for three or more months over the last two years were
classified as having an activity limitation.
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To classify cancer related pain and anxiety, participants were asked: “Do you currently have
pain as a result of your cancer or its treatment?”, and “Do you currently have anxiety/fears
as a result of your cancer or its treatment?” Participants who endorsed medium, a lot, or very
much pain, or anxiety/fear were classified as having cancer related pain or anxiety.

Participation outcomes were dichotomized. Participation restrictions categories included 1)
not graduating from college, 2) unemployment, 3) unmarried status, 4) an annual household
income < $20,000, and 5) not participating in any physical activity during the last month.

The measures used to classify the outcomes in this study have been previously validated
both in cancer patients,31, 32 and in childhood cancer survivors.27, 30, 33–35

Predictor Variables—Information on the cancer diagnosis was obtained from the treating
institution and information on primary therapy was abstracted from medical records. Risk
factors of interest included current age in ten year age groups, gender, race/ethnicity, time
since diagnosis, tumor location and histologic diagnosis. Treatment-related factors of
interest included tumor location, local control modality including type of surgery (none,
below the knee amputation, above the knee amputation, arm amputation or limb-sparing)
and/or radiotherapy (limb, abdomen and/or chest) and chemotherapy treatment
(anthracyclines, alkylating agents, platinum and/or vincristine).

Statistical Analyses
The associations between prevalence of poor health status and participation restrictions with
tumor location and treatment exposure were evaluated using generalized linear models with
binomial distributions and log links to directly estimate risk ratios. Outcomes are reported as
percentages, along with risk ratios and 95% confidence intervals. The models included host-
related factors and utilized generalized estimating equations with robust variance estimates
to account for within person correlations. Backward selection methods were used for model
covariate selection (p < 0.10). Interactions between the age variable and tumor location/local
control modality variables were evaluated to determine whether any specific factors were
associated with a greater decline in either health status or participation restrictions over time.
Adjusted models were used to estimate the change in predicted prevalence over time as a
function of age for each outcome. Cohort mean values for other covariates were inputted
into these adjusted models. SAS version 9.2a was used for all analysis.

Results
Recruitment

Our study population includes 1094 extremity sarcoma survivors who participated in the
baseline questionnaire; 813 survivors who participated in the 2003; and 712 who
participated in the 2007 questionnaire (see Figure 1 for details). Among this group of
survivors, 661 (60.4%) participated in all three questionnaires. Of the 1094 persons who
completed the baseline questionnaire, 42 died prior to completing the 2003 questionnaire,
and 27 died prior to completing the 2007 questionnaire. Therefore, among the 1052 persons
alive when the 2003 questionnaire was conducted, 77.3% participated. Among the 1025
persons alive when the 2007 questionnaire was completed, 69.5% participated. Baseline
health status and participation outcomes differed by questionnaire completion status over
time. Those who completed the baseline only were more likely than those who completed
the first two, or all three questionnaires to report poor overall health (16.2%, 8.8%, 8.1%),
poor mental health (20.0%, 14.4%, 13.5%), functional impairment (20.4%, 11.1%, 10.7%),

aSAS version 9.2 (SAS Institute, Inc., 100 SAS Campus Drive Cary, NC 27513-2414)
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activity limitations (27.9%, 19.1%, 17.1%), no college education (78.0%, 51.9%, 49.4%),
unemployment (25.9%, 14.8%, 13.8%), and annual household incomes <$20,000 (42.3%,
30.5%, 29.0%).

Participant Characteristics
Table 1 illustrates the characteristics of the 1094 extremity sarcoma survivors at baseline.
Their median age at diagnosis was 13 years (range, 0–20), median age at study entry 18
years (range, 5–25) and median age at questionnaire completion 33 years (range, 10–53).
The vast majority of the study participants were Caucasian (87.5%); 49.3% were male and
74.9% had lower extremity tumors. Primary diagnoses were: osteosarcoma (49.0%), soft
tissue sarcoma (32.0%), Ewing sarcoma (16.3%), and other bone tumors (2.7%).
Chemotherapy treatment included anthracyclines in 64.4% of the population and alkylating
agents in 57.1%. Local control included limb irradiation (20.6%), chest irradiation (9.3%)
and above the knee amputation (35%).

Poor Health Status (Tables 2 and 3)
Compared to upper extremity survivors, lower extremity survivors more frequently reported
activity limitations. Older age at questionnaire was associated with poor general health,
functional impairment, activity limitations and pain; while female gender was associated
with functional impairment, activity limitations, pain and anxiety. Additionally, non-
Caucasian ethnicity was associated with functional impairment. When compared to those
with soft tissue sarcoma, survivors with osteosarcoma and Ewing sarcoma were more likely
to report functional impairments and activity limitations. Patients with a diagnosis of Ewing
sarcoma had an increased risk of cancer-related anxiety.

Amputation of any type was associated with functional impairment; amputation above the
knee was associated with activity limitations. Exposure to alkylating agents was also
associated with functional impairment. A history of abdominal radiation was associated with
poor mental health, functional impairment, activity limitations, pain and cancer related
anxiety. Limb radiation was associated with poor general health and cancer related anxiety
and a history of a thoracotomy was associated with reporting poor general health.

Participation Restrictions (Tables 4 and 5)
Tumor location was associated only with educational attainment. Those who had an upper
extremity tumor were more likely than those who had a lower extremity tumor to report no
college education (45.6% vs. 41.8%). Survivors aged 30–39 years were less likely than those
younger than 30 years of age to report no college education and be unmarried; while females
were more likely than males to be unemployed, have annual household incomes < $20,000
and report no activity during the past month. Non-Caucasian ethnicity was associated with
no college education, unemployment, and unmarried status. Osteosarcoma survivors were
more likely than soft tissue sarcoma survivors to report no activity in the past month.

Amputations were associated with not having a college education, and when in the lower
extremity, with unemployment, unmarried status and no physical activity in the past month.
Above the knee amputation was also associated with annual household incomes < $20,000.
Exposure to alkylating agents was associated with no college education, unemployment and
incomes < $20,000.

Longitudinal Evaluation of Health Status and Participation Restrictions (Figure 2)
Based on models including tumor location, time, age at diagnosis, sex, race, and diagnosis,
the adjusted proportion of extremity tumor survivors who report poor general health,
functional impairment, activity limitations and cancer related pain increases with age. The
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number of unmarried survivors decreases as the cohort ages. Older survivors appear at
increased risk of having an income <$20,000. These age-related changes do not differ as a
function of tumor location (all p values for interaction > 0.05).

Discussion
This study evaluated health status and participation restrictions in upper and lower extremity
sarcoma survivors treated for cancer during childhood. We report that survivors of lower
extremity sarcomas were at 50% higher risk for activity limitations when compared to those
with upper extremity sarcomas, and that upper extremity survivors were at 10% higher risk
than lower extremity survivors of not completing college. It is likely these outcomes are not
only a result of local control, i.e. surgery or radiation, but also related to the impact of
chemotherapy on normal tissue (e.g. vincristine induced peripheral neuropathy). As
suspected, local control methods, particularly amputation, and advancing age, influenced
these outcomes. The results of our study expand 27, 30, 33 on previous findings from the
CCSS by reporting the impact of tumor location, local control methods, and aging on both
health status and participation restrictions among a group of survivors now decades from
their original therapy.

This study adds to the literature by comparing large groups of upper extremity tumor
survivors to lower extremity tumor survivors, and including tumor type and local control
mechanisms in adjusted models. Previous work comparing survivors by tumor location were
constrained by the small numbers of upper extremity survivors, limiting power for multiple
variable assessments.36, 37 New information in this manuscript includes the finding that arm
amputation is associated with functional limitations, and an increased likelihood of not
graduating from college, when compared to persons who did not have surgery. Additionally,
our results show that abdominal irradiation, likely applied because of tumor metastases and
an indicator of more severe initial disease is a more important predictor of poor health status
than is radiotherapy used locally to control the tumor. Abdominal radiation is associated
with gastrointestinal motility problems, nausea, hematological abnormalities and fatigue.

Although a number of previous studies have evaluated outcomes in extremity sarcoma
survivors,36–44 most studies were small, used different outcome measures and did not
include survivors who were decades from their original diagnosis. Many studies have
focused on the disability differences between survivors with limb sarcoma who were treated
with limb sparing surgery compared to those who had amputation.38, 40, 45 In general, these
studies indicate there are little differences between amputees and patients undergoing limb-
salvage surgery in terms of disability. One particular study suggests that outcomes are better
in survivors with more functional lower limbs regardless of surgical procedure performed.36

Another study suggests that though limb sparing surgery is associated with a greater need
for re-operation, functional outcomes are better.44 Clearly, the results and conclusions
regarding outcome for patients receiving surgery are dependent on the outcome measures
used. Furthermore, our results suggest the possibility that, over time, there may be a
difference in functional outcomes and ability to participate in life roles by mechanism of
surgical control. We found individuals treated with amputation were at the greatest risk for
functional impairments and activity limitations; amputations of the lower limb were
associated with unemployment, unmarried status and low levels of physical activity; and
amputations above the knee were associated with annual incomes <$20,000 per year.

Our study is the first that we know of to evaluate the longitudinal trajectory of health status
and participation in a large aging cohort of extremity sarcoma survivors most of whom were
enrolled on study during adulthood. Our study indicates that functional impairment, activity
limitations, general health, cancer-related pain, and a low income all worsen over time as
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survivors’ age. Although the worsening health is not surprising given that aging in the
general population is also associated with worsening health status, the increased percentage
of survivors whose annual household income falls below $20,000 per year when they are in
their fifth decade of life is very concerning. It is possible that physical disability and or
declining health eventually limit these survivors’ abilities to be employed and earn an
income adequate for self-support.

Study Limitations
Several limitations including the possibility of bias need to be considered when interpreting
the results. It appears that, particularly at later time points, our cohort included healthier
survivors. That is, survivors who only answered the first questionnaire were sicker than
those who responded to more than one questionnaire. This suggests that our estimates of
prevalence of poor health and participation restrictions may be conservative. Another
limitation is the self-reported nature of the outcomes. Additionally, since the study
population includes cancer survivors treated between 1970 and 1986, the health outcomes
reported here may not apply to patients treated more recently. This is particularly true for
patients undergoing limb sparing surgeries more recently since modern implants appear to
have better function.46 However, we believe the results reported here are important since
they provide baseline information regarding health outcomes in extremity sarcoma
survivors, which represent a small but important group of cancer survivors. Chemotherapy
for sarcoma survivors has evolved to consistently include the use of ifosfamide, another
alkylating agent. Though the incorporation of this agent is likely to improve long term
survival, it is associated with an increased risk of sterility, which could lead to further
psychological problems. The use of modern local control methods will increase the number
of patients who have limb function sparing surgery as the sole method of local control. The
procedures are designed to decrease some of the complications experienced by the survivors
in this cohort. Research with more recently treated cohorts of survivors should include
longitudinal evaluation of functional outcomes, not only to document likely improved
function in the modern surgical era, but also to identify the timing of and the need for
rehabilitation interventions in this patient population.

Conclusions
In conclusion, childhood sarcoma survivors are a population at high risk of late sequelae
including activity limitations, cancer related pain, unemployment, and low income. Some of
these deficits appear to worsen over time as the cohort ages. Although this may be intuitive,
this is the first study to evaluate changes in health status longitudinally, and as such,
provides an important contribution to the literature. Since the CCSS is assembling an
expanded cohort that includes childhood cancer survivors treated more recently, our study
serves as a baseline against which to measure further evaluation of health over time for
childhood cancer survivors. It will be both interesting and important to evaluate the
expansion cohort to determine if the therapeutic advances have improved outcome and
decreased late sequelae or whether they have improved initial outcome but worsen the
functional outcomes for a group of survivors with a high risk of complications. An important
goal for pediatric oncologists is to develop treatment strategies that diminish the negative
health impact of therapy and to provide resources to address the probability of decline in
social role functions over time. It is clear from our study that survivors of extremity sarcoma
may benefit from physical therapy or rehabilitation services to allow them to optimize their
functional and participation outcomes over time. Although these patients are referred to
physical therapy during treatment, the intensity of chemotherapy often precludes early
intense intervention for immediate musculoskeletal complications. Patients with sarcoma
likely would benefit from post-chemotherapy rehabilitation interventions in the first year
after therapeutic cancer treatment ends to address their musculoskeletal issues. Additionally,

Marina et al. Page 7

Arch Phys Med Rehabil. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



organ system dysfunction or joint deterioration over time may require additional bouts of
rehabilitation to help sarcoma survivors maintain their functional abilities as they age.
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Figure 1.
Flow diagram for extremity sarcoma survivors
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Figure 2.
Longitudinal Evaluation of Health Status and Participation Restrictions
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