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Abstract
Background—We examined whether survivors from the Childhood Cancer Survivor Study were
less likely to be in higher skill occupations than a sibling comparison and whether certain
survivors were at higher risk.

Methods—We created three mutually-exclusive occupational categories for participants aged
≥25 years: Managerial/Professional and Non-Physical and Physical Service/Blue Collar. We
examined currently employed survivors (N=4845) and siblings (N=1727) in multivariable
generalized linear models to evaluate the likelihood of being in the three occupational categories.
Among all participants, we used multinomial logistic regression to examine the likelihood of these
outcomes in comparison to being unemployed (survivors N=6671; siblings N=2129).
Multivariable linear models were used to assess survivor occupational differences by cancer and
treatment variables. Personal income was compared by occupation.

Results—Employed survivors were less often in higher skilled Managerial/Professional
occupations (Relative Risk=0.93, 95% Confidence Interval 0.89–0.98) than siblings. Survivors
who were Black, were diagnosed at a younger age, or had high-dose cranial radiation were less
likely to hold Professional occupations than other survivors. In multinomial models, female
survivors’ likelihood of being in full-time Professional occupations (27%) was lower than male
survivors (42%) and female (41%) and male (50%) siblings. Survivors’ personal income was
lower than siblings within each of the three occupational categories in models adjusted for
sociodemographic variables.

Conclusions—Adult childhood cancer survivors are employed in lower skill jobs than siblings.
Survivors with certain treatment histories are at higher risk and may require vocational assistance
throughout adulthood.
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Introduction
There are over 328,000 childhood cancer survivors (CCS) in the United States.1 During the
past four decades, survival from childhood cancers has improved substantially due to new
and improved treatments and advancements in supportive care.2 Cure, however, is not
without consequence. Surgery, chemotherapy, and radiation are associated with late health
effects that can affect survivors’ physical, psychosocial and cognitive functioning.3–6 As a
result, researchers have increasingly sought to identify the effect of treatment-related health
problems on the social and economic characteristics of adult survivors. Many survivors
report education difficulties, unemployment, and lower incomes, and are more likely to have
public health insurance coverage in contrast to non-affected populations.7–11 The impact of
childhood cancer on occupational achievement, however, has not been reported.

Assessing occupations can capture several aspects of socioeconomic status, summarizing the
income, education and skill requirements associated with achievement of specific job types.
Studies of other high risk populations, such as employed adults with disabilities, find that
even after accounting for educational attainment, these workers are disproportionately
employed in entry-level, lower-wage jobs.12 Such jobs are associated with an increased risk
of morbidity and mortality13, 14 and more exposure to workplace hazards and job instability.
15 Employees in lower-skilled jobs, such as the service industry, have fewer opportunities
for employer-sponsored health insurance, retirement savings, disability leave, and career
advancement than management and professional occupations.16

Certain CCS may be at higher risk for poor occupational outcomes due to their treatment
histories. Survivors treated with cranial radiation face cognitive limitations, hearing loss or
other neurosensory problems.5, 6 Bone tumor and soft tissue sarcoma survivors may have
amputations or limb-sparing surgeries that affect their functional status17 and limit their
ability to perform tasks required for some occupations. Other factors, such as female sex and
younger age at diagnosis, have been associated with lower levels of employment in adult
survivors,18 and could potentially impact occupational achievement.

The purpose of this study was to 1) assess whether employed CCS are underrepresented in
higher-skilled occupations and are disproportionately in jobs that require fewer skills
compared to a sibling cohort and 2) determine whether specific risk factors (e.g., female sex
or a history cranial radiotherapy) predict survivors’ occupational attainment. Because many
CCS report physical limitations,19 we were interested in evaluating whether survivors who
were employed in lower-skilled occupations reported their jobs required physical activity,
since we hypothesized that physical problems could limit the types of jobs available to
survivors with fewer employment skills. We also examined whether personal income
differed within occupations for survivors compared to siblings.

Methods
Participants

The Childhood Cancer Survivor Study (CCSS) is a multi-institutional research initiative
started in 1994 to investigate health outcomes in childhood and adolescent cancer survivors.
The cohort includes survivors diagnosed when younger than age 21 years, and a group of
randomly selected age-matched siblings.20 Participants were diagnosed between January 1,
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1970 and December 31, 1986 and had survived at least five years from the time of diagnosis.
21, 22 Eligible diagnoses included leukemia, central nervous system (CNS) malignancies (all
histologies), Hodgkin’ s lymphoma (HL), non-Hodgkin lymphoma (NHL), Wilms tumor,
neuroblastoma, soft tissue sarcoma, or malignant bone tumor. The Human Subjects
Committees at the 26 participating institutions reviewed and approved the CCSS protocol.

CCSS participants have completed a baseline survey (1994–96) and four follow-up surveys.
We performed the current cross-sectional analyses using the second follow-up (2003),
because detailed information was asked about current occupation at this time. Information
on cancer type, treatments received, and clinical characteristics of the survivors was
obtained from medical records.

At baseline, there were 14,357 survivors and 3,418 siblings. By the second follow-up, 8.2%
survivors had refused contact or were lost to follow-up, and 11.3% had died; 10.5% of
siblings were no longer being followed. Of the remaining 11,560 survivors and 3601
siblings, the second follow-up was completed by 9289 survivors and 2792 siblings. Because
26% of survivors between ages 20–24 were still in school, we excluded 2145 survivors and
512 siblings who were <25 years of age at survey completion. Students engaged in post-
secondary education likely have jobs that do not reflect their eventual occupational
attainment. We used no upper age limit, because the oldest eligible survivors and siblings
were 54 years and 58 years respectively.

We generated two analysis samples from the remaining N=7144 survivors and N=2280
siblings. First, we excluded the 473 survivors and 151 siblings with missing employment
information. Then, because of the high levels of unemployment (survivors 27%, siblings
19%), we performed analyses comparing the occupations of employed to unemployed
participants (N=6671 survivors and N=2129). We also performed analyses limited to
participants who were currently employed (N=4845 survivors, N=1727 siblings).

Occupation measures
CCSS participants were asked to list their main job title and tasks. These were coded
according to the US Department of Labor Standard Occupational Classification (SOC)
System (http://www.bls.gov/soc/). The SOC has 23 major occupational groups that include
detailed information on occupations requiring similar job duties, skills, education, or
experience. We excluded military due to potential differences in skill requirements (N=10
survivors; N=16 siblings).

The remaining 22 groups were classified into three mutually exclusive occupational
categories (Figure 1). First, occupations were coded as “Professional/Managerial” or
“Service/Blue Collar.” We grouped Professional/Managerial positions according to
assessment of skill levels and/or experience to capture higher skill and experience jobs.
Because of medical conditions potentially limiting survivors from performing physical labor
common to Service/Blue Collar occupations, we coded the remaining occupations as
Physical or Non-Physical. Participants reporting mostly heavy labor or physically
demanding work were coded as “Physical.” Those reporting primarily sitting, standing or
walking were coded as “Non-Physical.” We used the 5-point Job Zone classification
developed by occupational experts from the Occupational Information Network (O*Net)
database (http://onetcenter.org) to assess agreement with our created occupational
categories.23 Occupations with higher Job Zone scores require more education, preparation
and training, and the “Professional/Managerial” average Job Zone scores (3.4–5.0) were
higher than Service/Blue Collar (1.0–2.7).
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Other measures
For the survivor-sibling comparisons, we included current age, sex and race in all models.
Full-time employment was considered as working ≥30 hours per week and part-time <30
hours. Cancer recurrence and secondary cancers (not including nonmelanoma skin cancers)
were examined to account for subsequent events. For chemotherapy and radiation treatment,
we evaluated whether survivors received any of these therapies as well as the specific types
of chemotherapeutic agents (platinum, alkylating agents, anthracyclines, and bleomycin) and
the location of specific radiation regions (brain/head, neck, chest, spine, abdomen, pelvis,
arm/leg, or total body irradiation). We hypothesized that cranial radiation would be highly
related to occupation and created a 7-level categorical variable to investigate doses. All
other cancer-related variables are listed in Table 2.

Statistical analyses
The proportions of survivors and siblings in each occupational category (including
unemployed) were calculated overall and by demographic characteristics. Additional
proportions were calculated for survivors by cancer and treatment characteristics.

To compare survivors to siblings, we used multivariable regression with robust variance
estimates to account survivor-sibling correlations24 adjusting for age, sex, and race. We
limited the analyses to employed participants, comparing survivors in each cancer diagnosis
group to siblings, separately for Professional/Managerial, Non-Physical, and Physical
occupations. Because of the high proportion of participants in each occupational category,
the results are reported as relative risks (RR) with 95% confidence intervals (95% CI).25

Sensitivity analyses examined the impact of excluding the highest and lowest average Job
Zone values and were consistent with the overall regression estimates. Next, to assess
differences in occupations and unemployment between survivors and siblings, we calculated
predicted probabilities from multinomial logistic regressions for the categories of full- and
part-time Professional/Managerial, Non-Physical, and Physical Occupations and
Unemployed24 with an interaction for survivor/sibling status by sex.

To estimate associations of cancer and treatment-related variables with the occupational
categories, we next performed multivariable relative risk regressions limited to employed
survivors. Cancer diagnosis was not included due to being closely related to treatment. We
first examined the 7-category cranial radiation dose variable with current age, sex and race.
We then investigated the other treatment variables, considering that many of the cancer
treatments are related. We also calculated predicted probabilities from ordinal logistic
regressions for yearly personal income for the survivors and siblings by occupation. Because
of potential endogeneity with occupational status, we examined educational attainment
separately for all regressions. Analyses were performed using Stata version 11.0 (Stata Corp,
College Station, TX). All reported p-values are two-sided and considered significant at
α=0.05.

Results
Twenty-seven percent of survivors were unemployed compared to 19% of siblings
(P<0.001). Unemployment was due to staying at home to take care of family or children, or
being a student or retired (survivors 12%; siblings 14%), not working because of health
limitations (survivors 9.3%; siblings 1.5%), and being unemployed but currently seeking
work (survivors 5%; siblings 2.7%). Among survivors, 39% reported a Professional
occupation compared to 48% of siblings (P<0.001), although the distribution of specific jobs
within this category did not differ (Figure 1). The proportions reporting Physical (25% vs.
27%) and Non-Physical (7% vs. 7%) occupations were similar between survivors and
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siblings; however, within these categories there were differences in the proportions reporting
certain jobs.

Survivors in all occupational categories tended to be younger or male more often than
siblings, while the proportion working full-time did not differ (Table 1). Fewer survivors
with leukemia or CNS tumors were in Professional jobs and those with higher doses of
cranial radiation were less often employed or working in Professional jobs (Table 2).

Survivor-Sibling comparisons
In multivariable regression models restricted to currently employed participants (Table 3),
survivors were less likely to hold Professional occupations (RR=0.93, 95% CI 0.89–0.98)
and more likely to be employed in Non-Physical occupations (RR=1.15, 95% CI 1.07–1.24)
than siblings. Leukemia, CNS tumor, and NHL patients reported fewer Professional
positions, while bone cancer patients were more likely than siblings to be working in a
Professional occupation (RR=1.12, 95% CI 1.04–1.21). Leukemia patients were more likely
(RR=1.26, 95% CI 1.03–1.54) and bone cancer patients less likely (RR=0.37, 95% CI 0.23–
0.61) to report Physical occupations. The estimates remained similar when adjusted for full-
or part-time employment status and education. Except for neuroblastoma, survivors of all
cancer types reported more unemployment compared to siblings.

In our multinomial models, we found differences by sex in the proportion unemployed and
for part- or full -time employment (Figure 2). Both male and female survivors were more
likely to be unemployed (males 17%, females 38%) than siblings (males 9%, females 25%).
Twenty-seven percent of female survivors, 42% of male survivors, 41% of female siblings
and 50% of male siblings held a full-time Professional occupation.

Survivor risk group comparisons
When we limited the analyses to only employed survivors, female survivors were actually
more likely to hold Professional (RR=1.13, 95% CI 1.07–1.19) and Non-Physical (RR=1.19,
95% CI 1.10–1.29) occupations than male survivors, and less likely to report Physical
occupations (RR=0.19, 95% CI 0.14–0.25) (Table 4). Black survivors were 33% less likely
to report Professional occupations, and Black, Hispanic and Other race survivors were 33–
36% more likely to be unemployed compared to White survivors. Survivors diagnosed at
age ≥5 had an increased odds of Professional and decreased odds of Non-Physical and
Physical occupations.

Employed survivors with cranial radiation doses ≥18 Gy were between 22%–29% less likely
to hold Professional positions than survivors without this treatment, and more likely to be
employed in Non-Physical jobs. For Physical occupations and cranial radiation, there was a
parabolic effect in that only mid-range doses between 18–24 Gy were significant (RR=1.57,
95% CI 1.20–2.05). Doses of ≥35 Gy were associated with a 1.61 higher risk of
unemployment (95% CI 1.39–1.87). CNS tumor resection imparted a decreased odds of
Professional (RR=0.82, 95% CI 0.73–0.92) but increased Non-Physical (RR=1.23, 95% CI
1.09–1.40) occupation. Platinum chemotherapy was associated with a decreased likelihood
of Physical employment (RR=0.34, 95% CI 0.14–0.80). No other chemotherapy agents or
radiation sites were significant. The estimates remained similar when adjusted for education
except cranial radiation attenuated.

Personal income
Yearly personal income differed by occupation for survivors and siblings in models adjusted
for age, sex, marital status, and full- or part-time employment status (Figure 3). Survivors
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were more likely than siblings to make less than $20,000 per year and were less likely to
report incomes greater than $40,000 per year in each of the occupation categories. The
income differences remained similar in magnitude when education was included.

Discussion
Studies of adult CCS have increasingly sought to identify and explain the impact of late
effects on their social, economic and demographic outcomes. We found that adult survivors
were less likely to be employed in higher-skill occupations when compared to siblings.
Survivors, particularly those with a history of CNS tumors and leukemia, reported jobs that
were non-physical more often than siblings. Because of the physical late effects from cancer,
we hypothesized that CCS would be less likely to report occupations that required high
levels of physical activity, but this was only significant for bone cancer survivors.

Our results that suggest survivors are more often employed in lower skill occupations have
implications for their economic status throughout their lifetimes. The average yearly income
from the 2003 Bureau of Labor Statistics for our Professional/Managerial category was
approximately $49,000 (range: $32,400–$70,870) compared to less than $24,000 (range:
$15,390–$34,290) for Service/Blue Collar.26 Within occupational categories, personal
income was lower for survivors compared to siblings even when adjusted for education.
Future studies should examine more detailed assessment of survivors’ career decisions and
occupations and the effect on income. There may be work experiences or lifestyle decisions
that differ between the survivors and siblings not captured in our categories. Additionally,
survivors with chronic health problems may be intermittently employed, affecting their
income potential despite working in similar fields as siblings.

Certain cancer and treatment-related factors were linked to occupational differences. CNS
tumor resection was associated with decreased Professional employment, and all surgery
types were associated with unemployment. Platinum chemotherapy, which was primarily
used in the CCSS cohort for osteosarcoma patients, conferred a 66% decreased likelihood of
reporting Physical work, although due to the small number in this category, this finding
should be interpreted with caution. Conversely, the bone cancer diagnosis group was the
only diagnosis group more likely to be working in Professional jobs than siblings. Among
CCS, a younger diagnosis age is associated with cognitive impairment and learning
disabilities requiring special education7, 11 and an increased risk of specific medical
conditions.27 We found as age of diagnosis increased, the likelihood of Professional
employment increased, while survivors diagnosed at a younger age were more likely to hold
Service/Blue Collar jobs.

Fewer survivors were employed in Professional jobs and more survivors were in Non-
Physical jobs with increasing doses of cranial radiation. Mid-range doses (18–25 Gy) were
the only cranial radiation dose associated with an increased likelihood of Physical work,
suggesting that survivors with a history of higher doses may not be physically able to work
in certain occupations. Patients receiving cranial radiation – typically CNS and leukemia
patients – often face neurocognitive deficits, including motor skill limitations and decreased
abilities in acquiring new skills and information, although the risk decreases with lower
doses.5, 6, 28 Not only are these survivors at a higher risk for poor health outcomes and
unemployment,8, 18 but if they are working, our findings suggest they may be
disproportionately employed in lower skill positions.

Black survivors were less likely to be employed in Professional and more often in Non-
Physical occupations than white survivors, while no racial/ethnic differences were found for
siblings. Black survivors report similar health status as white survivors when adjusting for
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socioeconomic status,29 and when we controlled for socioeconomic variables, such as
education, our racial and ethnic occupational differences persisted, suggesting that there may
be factors beyond health status influencing racial/ethnic employment differences. CCS
report difficulties obtaining employment,30 and minority race survivors may face differential
discrimination by employers for hiring or providing access to training or career
advancement opportunities.

The differences in our results depending on the inclusion of unemployed or only employed
survivors demonstrates the necessity in comparing both groups due to the high proportion of
unemployed female survivors. In analyses limited to employed survivors, female survivors
were more likely than male survivors to be employed in Professional occupations. However,
when we considered the proportion unemployed in the denominator, female survivors were
less likely to work in these occupations and more likely to be unemployed compared to male
survivors and male and female siblings. These results suggest that future studies should
investigate how the cancer experience differentially affects career decisions for female
survivors, including the decision to work, and whether to work full- or part-time. Coupled
with our earlier analyses that found female survivors at an increased risk of health-related
unemployment,31 female survivors may particularly vulnerable for poor labor force
outcomes.

There are certain limitations with this study. Aggregating occupations may obscure further
job skill differences between survivors and siblings. Although there are well-known
indicators of occupational status and social class available, such as the Duncan
Socioeconomic Index, we hypothesized that occupational groupings tied to potential
differences in skills and physical ability would best describe our population and our
sensitivity analyses showed the robustness of our classifications. Using cross-sectional
occupational information limited our ability to detect further differences if we had been able
to summarize years of experience in specific occupations or other longitudinal occupational
measures. Also, we did not have information on comorbidities beyond cancer recurrence and
secondary cancers, which may impact on CCS occupational outcomes.

Childhood socioeconomic status and parental occupation are predictive of adult employment
and occupational status, and were not available in the current study. However, by comparing
the survivors to a sibling cohort, we provided some control for childhood socioeconomic
status, although not all survivors had a sibling pair (N=1,592 pairs in the full sample).
Additionally, 24% of survivors and 19% of siblings have been lost to follow-up or refused
participation since baseline; because individuals with lower socicoeconomic status are less
likely to participate in health surveys, our estimates of the proportion of survivors in low-
skill jobs may be conservative.

CCS are less often employed in higher-skill occupations. Future studies are needed to
determine why survivors make specific career decisions, to elucidate what survivors need to
be successful in the workplace, and to assess the barriers survivors face in developing their
careers. Long-term survivorship programs should offer vocational assistance to CCS from
the point of initial treatment throughout their careers, and may need to provide a broad array
of services depending on a survivor’ s psychosocial or health status to maximize their
occupational potential. High-risk survivors, due to their treatment history or demographic
background, may also need additional resource assistance from community vocational or
educational services.

Barriers exist to getting occupational services to the neediest survivors. Uninsured CCS may
not be able to obtain survivorship services, and, even for insured survivors, occupational
rehabilitation services may not be covered. Furthermore, current national policies that
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encourage workforce participation for individuals with disabilities should be extended to
provide those employed in low-skill and entry-level jobs – such as many adult survivors of
childhood cancer – opportunities to advance their careers.12 As research continues to
acknowledge the social, psychological and financial impacts of childhood cancer,
identifying survivors for occupational intervention will help to improve their quality of life.
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Figure 1. Distribution of jobs among survivors and siblings by occupation
* N=4845 survivors and N=1727 siblings who were currently employed; Professional:
N=2589 survivors and N=1026 siblings; Non-Physical N=1787 survivors and N=551
siblings; Physical N=469 survivors and N=150 siblings
†The proportions reporting specific Professional jobs did not differ significantly between
survivors and siblings.
‡The proportion of survivors and siblings reporting Non-Physical work was significantly
different for this job.
§The proportion of survivors and siblings reporting Physical work was significantly different
for this job.
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Figure 2. Predicted probabilities of occupational status for survivors and siblings by sex*
*Survivors (N=6662) and siblings (N=2072); estimates adjusted for current age and race and
an interaction for survivor status by sex. Unemployment does not include full or part-time
status.
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Figure 3. Predicted probabilities yearly personal income by occupation for survivors vs. siblings
*Income category difference significant at p<0.05; models adjusted for sex, age, race,
marital status and full- or part-time employment status
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