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A B S T R A C T

Physical performance limitations are one of the potential long-term consequences following
diagnosis and treatment for childhood cancer. The purpose of this review is to describe the risk
factors for and the participation restrictions that result from physical performance limitations
among childhood cancer survivors who participated in the Childhood Cancer Survivor Study
(CCSS). Articles previously published from the CCSS cohort related to physical performance
limitations were reviewed and the results summarized. Our review showed that physical
performance limitations are prevalent among childhood cancer survivors and may increase as they
age. Host-based risk factors for physical disability include an original diagnosis of bone tumor, brain
tumor, or Hodgkin’s disease; female sex; and an income less than $20,000 per year. Treatment-
based risk factors include radiation and treatment with a combination of alkylating agents and
anthracyclines. Musculoskeletal, neurologic, cardiac, pulmonary, sensory, and endocrine organ system
dysfunction also increase the risk of developing a physical performance limitation. In summary,
monitoring of physical performance limitations in an aging cohort of childhood cancer survivors is
important and will help determine the impact of physical performance limitations on morbidity,
mortality, and caregiver burden. In addition, in developing restorative and preventive interventions for
childhood cancer survivors, we must take into account the special needs of survivors with physical
disability to optimize their health and enhance participation in daily living activities.

J Clin Oncol 27:2382-2389. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Function and Physical Disability

One of the possible long-term consequences of

childhood cancer and its treatment is physical dis-

ability. Disability implies a substantial decrease or

absence of function, as characterized by WHO in the

International Classification of Function, Disability,

and Health (ICF; Fig 1).1 In this model, function is

an umbrella term used to describe human capacity

in relation to the body, the individual, and society.

These interdependent domains include: 1) the

structure and function of the body’s organ systems;

2) the abilities of the individual to perform regular

tasks or activities, like walking, dressing, and taking a

bath; and 3) the capacity of the individual to partic-

ipate fully in life’s roles as a member of his or her

family, work or school environment, or community.

Both personal and host factors, including disease

states like cancer, interact with these three functional

domains to determine whether or not a person has

a disability.

Problems at the body structure and function

levels are called impairments; the inability to per-

form usual tasks at the individual level are termed

activity or performance limitations; and subopti-

mal capacity in societal roles are referred to as

participation restrictions. For example, a child

who is diagnosed with a brain tumor may have

residual ataxia and poor balance related to cere-

bellar damage. As a result, this child may have

suboptimal skills and efficiency performing tasks

like walking, running, stopping, and starting, thus

making it difficult to participate in physical edu-

cation classes and afterschool sports activities.

Throughout childhood and into adulthood, his or

her ataxic movements may limit recreational or

career choices to those that require only minimal

motor skill competency.

Educational and Economic Impact of

Physical Performance Limitations

The incidence of physical performance limita-

tions and associated participation restrictions may

place young cancer survivors with physical disability

at risk for less than optimal attainment of economic,

educational and occupational goals. Physical dis-

ability in the general population is associated with

lower income levels, less educational attainment,
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and lower rates of employment.2,3 Across all age ranges, individuals

with physical disability are more likely to live in poverty than those

without physical disability. The percentage of children in the United

States from 5 to15 years of age with a physical disability who live in a

household with an annual income below the poverty level is 32%

compared with 17% of children without physical disability in the same

age range. This income disparity persists across age groups, with 30%

of physically disabled persons age 16 to 20 years living below the

poverty line compared with 17% of their nondisabled counterparts.2,3

Among people age 21 to 64 years, 26% of those with a physical

disability and 10% of those without a physical disability have incomes

below the poverty level.2 Adults with a physical disability are also more

likely to lack a high school degree (28.7% v 16.7%) and be unem-

ployed (68% v 26.6%) than those without a physical disability.2

Social and Health Care Access Consequences of

Physical Performance Limitations

Physical disability is also potentially associated with poor

health care access, and with limited opportunity for participation

in community or social roles. Individuals with physical disability

are less likely to report having a primary care provider than are

persons without physical disability.4 Physical disability among

women is associated with lower rates of screening for breast cancer,

cervical cancer, and osteoporosis.5-7 Eighteen percent of persons in

the United States with a disability compared with 7% of persons

without a disability report not getting needed health care on at least

one occasion in the past year.3 Poor health care access in the

disabled population is attributed to barriers related to employment

and insurance, environment and physical structures, and process-

and health provider-based barriers.4,8-10 According to the Harris

Surveys of Americans with Disabilities, 3 individuals with a disabil-

ity are less likely to socialize with close friends neighbors or rela-

tives (89% v 79%), to attend relevant religious services (49% v

57%), or to eat at a restaurant (57% v 73%) than are persons

without a disability. Lack of access to the community because of

inadequate access to transportation is thought to contribute to

these restrictions on social participation.3,8,10 Among persons with

a disability, 31% report that access to transportation is a problem.

Only 13% of persons without a disability have this same concern.8

PHYSICAL PERFORMANCE LIMITATIONS IN THE CHILDHOOD
CANCER SURVIVOR STUDY COHORT

Data from the first Childhood Cancer Survivor Study (CCSS) survey

in 1995 and 1996 indicate that physical performance limitations, in-

cluding the inability to lift objects, move a table, carry groceries, bowl,

walk uphill, climb a few flights of stairs, bend, lift, stoop, walk one

block, eat, dress, bathe, or use the toilet, were prevalent among 19.6%

of survivors at a median age of 23 years (range, 8 to 47 years), with

consequences to work or school participation reported by 7.9%.11

These numbers are expected to rise as the cohort ages. The purpose of

this manuscript is to provide a summary of physical performance

limitations that have been documented in the CCSS cohort, both at

cohort entry, and where possible, over time. We will describe the

reported diagnosis, treatment, and personal/demographic risk factors

for functional loss. We will summarize the evidence that indicates that

certain categories of medical late effects (disorders of body structure

and function) are related to physical performance limitations. We will

also briefly describe the impact of physical performance limitations on

participation in roles at home, work, and in the environment.

Elevated Risk of Physical Performance Limitations

Among Survivors Compared With Siblings

CCSS investigators initially evaluated physical performance lim-

itations and participation restrictions as components of overall health

status among adults who were � 5-year survivors of childhood cancer.

These outcomes were assessed in 9,535 CCSS participants and in a

randomly selected cohort of the survivors’ siblings (n � 2,916). For

these analyses, questions assessing activity limitations (mobility skills

including lifting and carrying, climbing stairs, and walking one block),

and functional status (a combination of participation skills including

self-care, community mobility, and the ability to attend work or

school) were adapted from the National Health Interview Survey and

the Behavioral Risk Factor Surveillance System Survey Question-

naire.12,13 Survivors reported a 2.7-fold increased odds of activity

limitations and a 5.2-fold increased odds of functional status impair-

ment relative to the sibling control group.14

Given these data, an additional analysis was completed among

cancer survivors and a sibling comparison group that focused specif-

ically on physical performance limitations and restricted participation

in home, work, or school environments.11 That study included 11,481

child, adolescent, and adult members of the cohort. The comparison

group included 3,839 siblings. Physical performance was evaluated by

summarizing responses to six questions that asked about the partici-

pants’ performance of physical activities during the past 2 years. These

included vigorous activities like running or participating in strenuous

sports, moderate activity like bowling or carrying groceries, walking

uphill, bending, lifting, walking one block, dressing, and bathing.

Participation restrictions were evaluated in three separate categories:

limited personal care skills, limited routine activities, and poor health

preventing school or work attendance. After adjustment for age and

sex, survivors were nearly twice as likely to report performance limi-

tations when compared with siblings (rate ratio [RR], 1.8; 95% CI, 1.7

to 2.0). Survivors were 4.7 times (95% CI, 3.0 to 7.2) more likely to

report restricted ability to perform personal care or routine activities

such as shopping or housework, and 5.9 times (95% CI, 4.5 to 7.6)

more likely than the sibling group to report that their poor health

interfered with attending school or work.

Health Conditions
(Disorder/Disease)

Structure & function

BODY

(Impairment)

Activities

INDIVIDUAL

(Limitation)

Participation

SOCIETY

(Restriction)

Environmental

Factors

Personal

Factors

Fig 1. The interaction between the components of the International Classifica-

tion of Functioning, Disability, and Health.
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Physical performance limitations and associated participation

restrictions were also evaluated at a later point in the cohorts history as

part of a quality-of-life measure.15 Using questions from the 2003

follow-up survey, Zeltzer et al16,17 compared CCSS cohort members

with CCSS siblings and with general population norms on the physical

function (performance) and role physical (participation) subscales of

the Medical Outcomes Survey Short From-36 (SF-36). After adjusting

for age, gender, and family membership, members of the CCSS cohort

on average reported lower scores on the physical function and role

physical scales of the SF-36 than either the sibling comparison group

or the general US population. Mean T-scores for adult survivors and

siblings, respectively, were 51.3 v 55.0 on physical function and 49.9 v

52.3 on role physical subscales. Mean T-scores in the similar-aged

general population were 53.3 on physical function and 52.5 on role

physical subscales. One standard deviation (SD) on these SF-36 sub-

scales is 10 points. Therefore, although the survivors had statistically

worse scores in both performance and participation, the differences

were not large and may not represent meaningful effects.

Association Between Cancer Diagnosis Group and

Physical Performance Limitations

The risk of having a physical performance limitation following a

diagnosis of childhood cancer varies by cancer type, both because of

the differential impact of the malignancy on a particular body system,

and also because of the heterogeneous nature of the treatments neces-

sary to impart a cure. Tumors located directly in the bone, brain, and

mediastinum interfere with the structure and function of organs in

these areas because of tumor invasion and because of the toxic effects

of localized therapies. The CCSS, because of the sheer magnitude of

the number of participants within each diagnosis category, has pro-

vided investigators with unique opportunities to document the prev-

alence of physical performance outcomes and to compare adverse

effects among diagnosis groups. Using information from the 1995 to

1996 baseline questionnaire, Hudson et al14 initially reported an ele-

vated risk of physical activity limitations among adult survivors who

had bone tumors (odds ratio [OR], 6.4; 95% CI, 5.2 to 8.0) or brain

tumors (OR, 4.1; 95% CI, 3.3 to 5.1) as children, compared with those

who had leukemia. These findings were extended in another publica-

tion that used data from the baseline questionnaire,11 where the high-

est prevalence of physical performance limitations in the CCSS cohort

were reported among survivors of brain tumor (36.9%), bone tumor

(26.6%), and Hodgkin’s lymphoma (23.3%; Fig 2A). Subsequently,

using data from the 2003 follow-up questionnaire, Zeltzer et al15

reported that the lowest scores on the role physical subscale of the

SF-36 were among survivors of bone tumors, brain tumors, and

Hodgkin’s lymphoma (Fig 2B).

Physical performance limitations among survivors of lower-

extremity bone tumors have been examined in a fair amount of detail

in the CCSS cohort. In addition to providing specific information

about physical performance outcomes among survivors of lower-

extremity bone tumors, a report by Nagarajan et al18 illustrates how

the cohort can be accessed to provide an adequate sample size for

evaluation of particular outcomes of interest when the disease is rare.

This group of investigators identified 629 survivors of either osteosar-

coma or Ewing sarcoma whose tumor was located in the lower ex-

tremity or pelvis, and mailed them an additional questionnaire that

asked specific questions about physical disability and health-related

quality of life. Overall, 84% of eligible participants returned their

questionnaires and were included in the analyses for physical perfor-

mance outcomes. These survivors were a median of 20.8 years (range,

13 to 31 years) from surgery and were a median age of 35 years (range,

19 to 49 years). On average, they scored an 85.4 (SD � 14.3) on the

Toronto Extremity Salvage Scale (TESS), an instrument that asks

specific questions about task performance,19 and a 7.9 (SD � 1.6) on

the physical quality of life subscale of the Quality of Life for Cancer

Survivors.20 These values were somewhat lower than expected when

compared with a similarly aged healthy population (‘no disability’

would be a score of 100 on the TESS, and the healthy population norm

for the physical subscale of the Quality of Life for Cancer Survivors is

8.25 [SD � 1.35]).20 From this questionnaire, 71.8% of these lower-

extremity bone tumor survivors reported some level of disability, with

25.6% considering themselves moderately or severely limited in their

ability to perform tasks necessary for daily life.

Further evaluations are pending of physical performance out-

comes among the other two highest-risk groups for physical perfor-

mance limitations (ie, survivors of childhood brain tumors and

Hodgkin’s lymphoma). However, evaluations of rhabdomyosar-

coma, acute lymphoblastic leukemia (ALL), neuroblastoma, and

Wilms tumor survivors participating in CCSS have been published.

These have examined physical performance limitations among both

diagnosis categories where clinical experience indicates potential

physical disability and where it may not. Punyko et al21 reported

performance limitations among 14.1% of survivors diagnosed with

rhabdomyosarcoma as children, a group whose solid tumor type

would suggest the potential for adverse physical performance out-

come, whereas Mody et al22 reported this adverse outcome among

only 7% of ALL survivors. Nathan et al23 reported that survivors of

Wilms tumor and neuroblastoma on average did not report problems

with physical performance when compared with population norms.

However, the risk of a poor outcome was elevated among those whose

tumor required a surgical procedure of the spine.23

Association Between Treatment and Physical

Performance Limitations

Therapy for childhood cancer changed substantially from 1970

to 1986, the period of diagnosis for participants in the original CCSS

cohort. The development of multimodality treatment approaches us-

ing surgery or radiation therapy for local tumor control and chemo-

therapy for systemic disease control significantly improved survival

for many pediatric malignancies, but often with compromise of func-

tional outcomes in children who required more intensive therapy to

optimize outcomes. Over the years, advances in cancer biology and

appreciation of the late morbidity associated with specific therapies

instigated the evolution to risk-adapted treatment strategies, in which

the magnitude of treatment intensity was determined by clinical and

biologic factors that predicted response to therapy. The trajectory of

change varied across specific cancer diagnostic types as progress was

made in developmental therapeutics, radiation technology, diagnostic

imaging, and surgical treatment approaches. Several CCSS investiga-

tions describe the impact of these treatment changes on physical

performance outcomes in long-term survivors. The two studies

summarized in this section11,14 provide a global overview of cancer

treatment effects on physical performance that has been more

thoroughly characterized by detailed investigations in specific di-

agnostic types.18,21-26,28

Ness et al
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Hudson et al14 evaluated the impact of treatment on activity

status (physical performance limitations) and functional limitations

(participation restrictions) among a group of 9,535 adult CCSS par-

ticipants. The analysis dichotomized treatment exposures generically

as yes/no for surgery, four radiation treatment volumes (head/brain,

chest/mantle, brain/chest, other) and four classes of chemotherapeu-

tic agents (alkylators, anthracyclines, alkylators plus anthracyclines,

other; Table 1). In an analysis adjusted for age, sex, race, and

diagnosis, survivors treated with radiation to the head/brain were

1.3 times (95% CI, 1.0 to 1.6) more likely to report a physical

performance limitation and 2.1 times more likely to report participa-

tion restrictions (95% CI, 1.7 to 2.6) than were survivors who did not

receive radiation to the head/brain; survivors treated with brain/chest

radiation were twice as likely to report physical performance limita-

tions (OR, 2.0; 95% CI, 1.2 to 3.4), and almost four times more likely

to report participation restrictions (OR, 3.6; 95% CI, 2.2 to 5.9) com-

pared with survivors who did not receive radiation therapy. Survivors

treated with a combination of alkylating and anthracycline agents

demonstrated an increased risk of physical performance limitations.

Those treated with alkylating or anthracycline agents or a combina-

tion of the two also had an increased risk of performance limitations

when compared with survivors who did not receive these agents (Ta-

ble 1). These results are consistent with physical performance limita-

tions and participation restrictions resulting from cardiovascular,

40.8
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musculoskeletal, and neurological morbidities observed in survivors

of CNS, soft tissue sarcomas, and bone tumors, who generally require

multimodality therapy including high cumulative chemotherapy and

radiation doses to optimize disease control.18,21,25,26

A subsequent investigation by Ness et al11 evaluated therapy

associations with performance limitations among members of all ages

in the cohort. Because most survivors had undergone surgical proce-

dures, therapy was grouped into broad categories that included sur-

gery only; radiation with or without surgery; chemotherapy with or

without surgery; chemotherapy and radiation with or without sur-

gery; treatment other than surgery, radiation, or chemotherapy; or

unknown. In an analysis adjusted for age, sex, and cancer type, survi-

vors treated with radiation were more likely to report limitations in

physical performance (RR, 1.4; 95% CI, 1.1 to 1.7) and participation

restrictions in self-care activities (RR, 1.7; 95% CI, 1.1 to 2.6), routine

activities (RR, 1.9, 95% CI, 1.4 to 2.6), or work or school (RR, 1.8; 95%

CI, 1.3 to 2.3) than were those who received surgery only. The chem-

otherapy and radiation group was more likely than the surgery-only

group to report physical performance limitations (RR, 1.4; 95% CI, 1.2

to 1.7) and participation restrictions in self- care activities (RR, 2.3;

95% CI, 1.5 to 3.4), routine activities like shopping and housework

(RR, 2.3; 95% CI, 1.7 to 3.1), and school or work attendance (RR, 2.3;

95% CI, 1.3 to 8.1). Future investigations evaluating functional status

in relation to more precise treatment parameters (eg, anthracycline

and alkylating agent cumulative dose, radiation dosimetry to targeted

sites, and specific surgical procedures) will be important to fully char-

acterize treatment groups at greatest risk for functional morbidity that

require intervention to optimize long-term health outcomes.

Association Between Chronic Conditions and Physical

Performance Limitations

Certain medical late effects have a greater effect on physical per-

formance than do others. Importantly, research on the CCSS cohort

has documented that some organ system impairments, not immedi-

ately apparent at the conclusion of cancer treatment may emerge

many years later. As survivors age, these chronic conditions may

interfere with the physical abilities necessary for daily life. Previous

documentation of chronic medical conditions in the CCSS cohort is

reviewed in this issue by Sklar et al.27 Here we focus on two reports that

examined the impact of specific musculoskeletal system impairments

on physical performance. We also briefly review CCSS reported prev-

alence of neurosensory, neurologic, endocrine, and cardiopulmonary

system impairments that are likely to have immediate and potential

future impact on physical performance.

Childhood cancer survivors have a documented risk of poor skeletal

integrity with over 10% of survivors in the CCSS cohort reporting

musculoskeletal problems.28 These include amputation,18,28 osteopo-

rosis,28,29 major joint replacement,28 short stature,30,31 osteonecrosis

(ON),32 and loss of lean muscle mass and strength.33-35 Two investi-

gations, one that required the use of an additional questionnaire and

one that invited a subset of the cohort to participate in a clinical

evaluation, have taken advantage of the CCSS resource to more closely

examine associations between musculoskeletal late effects and physi-

cal performance limitations.

The first article focused on CCSS cohort members who reported

ON—also known as avascular necrosis, ischemic necrosis, or aseptic

necrosis—a potentially serious complication of therapy that can limit

physical performance both in daily activities and in the work place.32

Kadan-Lottick et al32 examined the prevalence of self-reported ON

among 9,261 patients enrolled in CCSS, and compared this rate with

the rate in a random sample of 2,872 siblings of survivors. Fifty-two

cancer survivors reported ON in 78 joints, yielding 20-year cumulative

incidence of 0.43% and an RR of 6.2 (95% CI, 2.3 to 17.2) compared

with siblings (cumulative incidence of 0.03%), adjusted for age and

sex. Of the 52 reported cases of ON in the CCSS cohort, 60% reported

involvement of more than one joint. The most common sites of

involvement in descending order were hips, shoulders, and knees. The

52 survivors with ON were further questioned regarding difficulty

with daily living activities of walking inside, climbing stairs, rising

from a chair, putting on pants, reaching into low cupboards, and

opening containers. Difficulty with at least one of these activities was

reported by 57%, and with at least two activities by 44%. Also, 33%

Table 1. Associations Between Cancer Treatment and Reporting Limited Physical Performance or Participation Restrictions Among Adult Participants in the
Childhood Cancer Survivor Survey Surveyed at Cohort Entry in 1995-1996

Treatment

Physical Performance Limitation Participation Restriction

Odds Ratio 95% CI Odds Ratio 95% CI

Surgery

No 1.0 1.0

Yes 1.1 0.9 to 1.4 1.2 0.9 to 1.5

Radiation therapy

None 1.0 1.0

Head/brain 1.3 1.0 to 1.6 2.1 1.7 to 2.6

Chest/mantle 1.3 1.0 to 1.6 1.1 0.8 to 1.4

Brain/chest 2.0 1.2 to 3.4 3.6 2.2 to 5.9

Other 1.2 1.0 to 1.5 1.4 1.1 to 1.8

Chemotherapy

None 1.0 1.0

Alkylating agent 1.1 0.9 to 1.4 1.4 1.1 to 1.8

Anthracycline 1.3 1.0 to 1.8 1.5 1.1 to 2.1

Alkylating agent � anthracycline 1.4 1.1 to 1.8 1.5 1.1 to 1.9

Other 1.1 0.8 to 1.5 1.4 1.1 to 2.0

Ness et al
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reported difficulty while walking inside, and 41% reported pain at rest

in the affected joints.

The second article focused on body composition and muscle

strength, and their respective associations with physical perfor-

mance.33 Ness et al33 evaluated lean body mass and muscle strength

among 75 survivors of childhood ALL who were participants in the

CCSS cohort. Dual energy X-ray absorptiometry scans were per-

formed to evaluate body composition, and myometry was used to

measure strength. Mobility was evaluated with the Timed Up and Go

and 2-Minute Walk. Both male and female survivors had more body

fat than same age and gender population norms (26.0% v 21.5% for

males; 38.3% v 36% females). Quadriceps strength values were also

less than same age and gender population norms (13% decrease

among both males and females) and were associated with shorter

walking distances on the 2-Minute Walk and longer time require-

ments on the Timed Up and Go.

Neurologic and neurosensory outcomes, including paralysis,

poor coordination, poor balance, and tremor, have been documented

among survivors of brain tumors, ALL, acute myeloid leukemia, and

soft tissue sarcoma.22,24-26 Bodily pain15 and fatigue36 may also inter-

fere with physical performance and are prevalent in 13% and 19%,

respectively, of cohort members. Pulmonary dysfunction and cardiac

abnormalities have also been documented in the CCSS cohort, and

can emerge as problematic years after treatment has ended. Mertens et

al37 evaluated the incidence of pulmonary conditions among CCSS

survivors and indicated that even among individuals who had sur-

vived 5 years after diagnosis, rates of lung fibrosis, emphysema, and

supplemental oxygen use continued to rise. Mody et al22 reported a

6.9-fold increased risk of cardiac conditions among ALL survivors

when compared with siblings, and Ness et al33 reported lower than

expected exercise capacity among 75 ALL survivors when estimated

peak oxygen capacity was compared with same age and gender popu-

lation normative values. Later onset of cardiac conditions has also

been documented among acute myeloid leukemia,24 soft tissue sarco-

ma,26 and brain tumor survivors.29 Of particular concern is the ele-

vated risk of stroke among survivors of brain tumor, leukemia, and

lymphoma who received radiation.38,39 This neurovascular late effect

has profound implications for both long-term neurologic function

and for physical performance.

Associations between organ system impairments and physical

performance, self-care abilities, routine activity participation, and

attendance at work or school are listed in Table 2. These data were

collected as part of the baseline questionnaire in 1995, and demon-

strate that even among young adult survivors of childhood cancer,

organ system dysfunction is associated with physical perfor-

mance limitations.

Personal and Demographic Factors That Influence

Physical Performance Outcomes

The CCSS has also provided documentation about personal and

demographic factors that may increase the risk for the development of

physical performance limitations. In several CCSS manuscripts, fe-

males, compared with males, have demonstrated an increased risk for

poor physical performance outcomes. On the baseline questionnaire,

15.5% of females and 9.9% of males reported activity limitations. In an

ancillary questionnaire mailed later to only lower-extremity bone

tumor survivors,18 29.2% of females, compared with 19.1% of males,

scored below the 25th percentile on the TESS, a measure of physical

disability. Additionally, on the 2003 follow-up questionnaire, females

were 1.7 times more likely than males to report problems with physical

function.15 These differences were all reported in age-adjusted models,

and add to the overall evidence that female survivors of childhood

cancer have a greater risk than male survivors for late effects, including

physical disability.40

Table 2. Association Between Organ System Medical Late Effects and Physical Performance Limitations or Participation Restrictions Among All Members
of the Childhood Cancer Survivor Survey Surveyed at Cohort Entry in 1995-1996

Physical Performance Limitation
Need Assistance With Self-Care

Activities

Need Assistance With Routine
Household and Community

Tasks
Health Prevents School or Work

Attendance

Late Effect
Impairment Row (%) Rate Ratio 95% CI Row (%) Rate Ratio 95% CI Row (%) Rate Ratio 95% CI Row (%) Rate Ratio 95% CI

Musculoskeletal

Yes 42.9 1.9 1.7 to 2.0 5.8 1.8 1.4 to 2.2 14.8 1.9 1.6 to 2.2 15.1 1.3 1.2 to 1.6

No 16.9 2.5 5.6 7.1

Endocrine

Yes 25.9 1.2 1.1 to 1.3 6.0 1.8 1.4 to 2.3 12.4 1.6 1.4 to 1.9 13.2 1.4 1.2 to 1.6

No 18.2 2.2 5.3 6.7

Neurologic

Yes 30.5 2.0 1.9 to 2.2 5.9 7.6 5.5 to 10.6 13.1 5.7 4.6 to 6.9 15.6 5.3 4.5 to 6.4

No 11.6 0.6 1.8 2.3

Sensory

Yes 29.2 1.3 1.1 to 1.4 10.0 2.7 2.1 to 3.4 20.6 2.6 2.3 to 3.0 19.1 2.0 1.7 to 2.3

No 18.6 2.1 5.0 6.7

Pulmonary

Yes 36.5 1.4 1.3 to 1.6 4.8 1.1 0.8 to 1.4 10.3 1.0 0.8 to 1.2 15.1 1.2 1.1 to 1.4

No 17.6 2.6 6.2 7.1

Cardiac

Yes 34.3 1.4 1.3 to 1.6 5.4 1.5 1.2 to 1.9 12.4 1.5 1.3 to 1.7 16.4 1.6 1.4 to 1.9

No 16.3 2.3 5.3 6.0
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Several CCSS publications have also indicated that lower annual

household incomes may on average be associated with poorer physical

performance, although the data could not establish the temporal rela-

tion of this association. Hudson et al,14 using data from the baseline

questionnaire, reported that those with annual household incomes of

less than $20,000 were more likely than those with incomes of $20,000

or more to report activity limitations. This discrepancy continued at

the 2003 follow-up questionnaire. Those survivors with annual house-

hold incomes of less than $20,000 per year were 1.8 times (range, 1.5 to

2.3) more likely to report poor physical function than those with

annual household incomes of $20,000 or more.15 The direction of the

association between annual household income and physical perfor-

mance limitations is unclear. It is possible that those who come from

less advantaged backgrounds may be more prone to long-term phys-

ical disability, because of their life situations make it difficult to get

treatment for organ system impairments that predispose disability, or

alternatively, that those who have physical performance limitations

are less likely to be able to work and contribute to the annual house-

hold incomes of their families. We describe information from the

CCSS that has explored the direction of the association in the second

case below.

Educational, Economic, Social, Health Care, and

Lifestyle Consequences of Physical Performance

Limitations in the CCSS Cohort

Perhaps the most important consequence of a physical disability

is that it has the potential to restrict participation in expected adult

social roles among childhood cancer survivors, and, as in the general

population, may result in lower levels of educational attainment, em-

ployment, marriage, insurability and access to health care. These asso-

ciations have been documented in the CCSS cohort, as a whole and

among specific diagnosis groups. The article by Gurney et al,41 also

included in this special issue, is devoted to social adaptation, and

covers this topic in detail. Briefly, in adjusted models, CCSS investiga-

tors reported that, overall, cohort members with physical perfor-

mance limitations were 43% less likely to graduate from high school,

60% less likely to be employed, 18% less likely to be married, and 38%

less likely to have an annual household income � $20,00042 than those

without physical performance limitations. Another group of CCSS

investigators, in an analysis limited to rhabdomyosarcoma survivors

only, reported that high school graduation rates were lower among

those with performance limitation when compared with those with-

out.21 These outcomes are similar to reports from the general popula-

tion of individuals with physical disability. However, in another CCSS

publication by Nathan et al,43 after adjusting for a host of sociodemo-

graphic factors including insurance status, survivors who reported

poor physical health were 30% more likely to receive risk-based

survivor-focused care that those who did not report poor physical

health. This differs from reports in the general population, where

persons with physical disability are less likely than those without to

have access to needed health care services.

Lifestyle choices among childhood cancer survivors with physical

disability have not been examined in great detail in the CCSS. CCSS

data do suggest that there are some cancer survivors with increased

risks for smoking, less than optimal levels of physical activity, and

excessive alcohol consumption. Low income and less education were

associated with increased risk of smoking44 and with an increased risk

for an inactive lifestyle45 in this cohort and, as we have demonstrated,

were also associated with physical performance limitations. A combi-

nation of any of these risk factors has the potential to increase an

individual’s risk for other poor outcomes like heart or lung disease,

and perhaps second malignant neoplasms. Recently, Lown et al46

reported that among members of the CCSS, survivors with activity

limitations were 1.3 times (95% CI, 1.1 to 1.5) more likely than those

without activity limitations to report heavy drinking. This is concern-

ing because heavy drinking has the potential to alter physical perfor-

mance, both acutely and over time, placing survivors with physical

performance limitations who abuse alcohol at risk for further physical

disability and for injury.

CONCLUSION

This review of previous publications from CCSS data indicates that

childhood cancer survivors are at increased risk for physical per-

formance limitations when compared with the CCSS sibling co-

hort or the general population. This increased risk begins during or

early after the treatment period and is likely to increase with age.

Survivors whose surgical interventions, radiation therapies, or che-

motherapeutic protocols damage body structures and/or interfere

with organ system functions are at the greatest risk for subsequent

physical disability. Among CCSS survivors treated between 1970

and 1986, brain tumor survivors, bone tumor survivors, and sur-

vivors of Hodgkin’s disease appear to be at the greatest risk for

physical performance limitations. Female sex and low socioeco-

nomic status are also associated with a poorer outcome. This

compilation of data from CCSS has important implications for the

current cohort of adult survivors of childhood cancer as they age,

and also for the upcoming cohort of childhood cancer survivors as

they transition into adulthood and begin to pursue and attain adult

roles in their family, society, and community.

The CCSS also offers access to a well-defined cohort of indi-

viduals willing to participate in research and likely amenable to

interventions that will benefit health. Fortunately, as the literature

on aging and adult chronic disease demonstrates,47 individuals

with physical performance limitations will benefit from interven-

tion services to restore lost organ system function, instruction in

adaptive techniques to restore independent task performance, the

provision of environmental adaptations to optimize participation,

or from lifestyle interventions to optimize health and prevent

further loss of physical function.
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