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Abstract
Background—Although reductions in bone mineral density are well-documented among
children during treatment for cancer and among childhood cancer survivors, little is known about
the long-term risk of fracture. The aim of this study was to ascertain the prevalence of and risk
factors for fractures among individuals participating in the Childhood Cancer Survivor Study
(CCSS).

Methods—Analyses included 7414 5+ year survivors of childhood cancer diagnosed between
1970-86 who completed the 2007 CCSS follow-up questionnaire and a comparison group of 2374
siblings. Generalized linear models stratified by sex were used to compare the prevalence of
reported fractures between survivors and siblings.

Results—The median ages at follow-up among survivors and siblings were 36.2, (range:
21.2-58.8) and 38.1 years (range: 18.4-62.6), respectively with a median 22.7 years of follow-up
after cancer diagnosis for survivors. Approximately 35% of survivors and 39% of siblings
reported ≥1 fractures during their lifetime. The prevalence of fractures was lower among survivors
than siblings, both in males (prevalence ratio=0.87, 95%CI=0.81-0.94, p<0.001) and females
(prevalence ratio=0.94, 95%CI=0.86-1.04, p=0.22). In multivariable analyses, increasing age at
follow-up, white race, methotrexate treatment and balance difficulties were associated with
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increased prevalence of fractures among female survivors (p=0.05). Among males, only smoking
history and white race were associated with an increased prevalence of fracture (p<0.001).

Conclusions—Findings from this study indicate that the prevalence of fractures among adult
survivors is not increased compared to that of siblings. Additional studies of bone health among
aging female cancer survivors may be warranted.

Introduction
Survivors of childhood cancer are at risk of developing bone-related late effects as a result
of disturbances in bone metabolism during childhood or adolescence. Attainment of normal
peak bone mass may be compromised by the effects of the cancer experience, such as
nutritional deficiencies and reduced exercise capacity,1, 2 or because normal bone mineral
accretion and skeletal development are affected by corticosteroids and other
chemotherapeutic agents (eg, methotrexate).2-4 Bone mineral density (BMD) can be
adversely affected by gonadal failure following exposure to radiation, gonadotoxic
chemotherapy, or as a consequence of hypothalamic pituitary dysfunction following
irradiation to the central nervous system.5, 6 Moreover, direct radiation to bone causes
cytotoxic effects on the epiphyseal chondrocytes9, increased hypervascularity, and reduced
bone strength.7, 8

Deficits in BMD among survivors of childhood cancer have been well-documented in
numerous studies.9-12 Among children being treated for acute lymphoblastic leukemia
(ALL), bone mass has been observed to decrease significantly during treatment13-15

followed by a return to lower than average value (though still within the normal range) in
the years following the completion of therapy.16 In the general population, reduced BMD is
a major public health concern as decrements in BMD can significantly increase the risk of
fracture, which in turn is associated with elevated rates of disability and mortality, and high
socio-economic costs.17-19 Accordingly, failure to accrue sufficient bone mass during
childhood and adolescence may increase the risk for early onset osteoporosis among
childhood cancer survivors and place them at risk for fracture later in life. Despite this, the
occurrence of fracture among long-term survivors remains largely uncharacterized. Previous
studies that have measured fracture risk among survivors have examined only fractures
occurring during treatment or within the first five years of completing therapy.13, 15 Thus, it
is not clear whether alterations to bone metabolism during therapy impact post-therapy risk
of fractures. Moreover, most studies of fracture risk among survivors have been restricted to
individuals previously treated for ALL or malignancies of the central nervous
system,13, 15, 20 or had small sample sizes that limited the consideration of additional factors,
such as demographic and lifestyle factors, on fracture risk.

The purpose of this study is to describe the history of reported fractures among a large and
diverse cohort of cancer survivors, and to identify treatment- and host- related factors that
predispose survivors to an increased risk of fracture. A major advantage of this study is the
availability of detailed information on treatment, health-related behaviors, physical activity
levels, body mass index (BMI) and balance and movement disorders, which may predispose
survivors to increased risk for fracture as they age.

Methods
The CCSS is a multisite, retrospective cohort designed to study the late effects of childhood
cancer therapy. Potential study participants were identified from 26 participating institutions
across the United States and Canada based on the following criteria; diagnosis of leukemia,
central nervous system (CNS) malignancy, Hodgkin lymphoma, non-Hodgkin lymphoma,
malignant kidney tumor, neuroblastoma, soft tissue sarcoma or bone tumor; diagnosis date
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between January 1, 1970 and December 31, 1986; age younger than 21 years at diagnosis;
and alive five years from the date of diagnosis. Information relating to each study
participant's original cancer diagnosis and treatment was abstracted from medical records
held at participating centers. The CCSS study protocol and cohort characteristics have been
described previously21, 22 and are available at http://www.stjude.org/ccss. All CCSS
protocol and contact documents were reviewed and approved by the human subjects
committee at each participating institution.

Of the 20,691 survivors of childhood cancer eligible for participation, 17,633 were
successfully contacted and 14,358 completed the baseline questionnaire. Of the 14,358
initial participants, 8,013 completed the 2007 follow-up questionnaire (Figure 1). A random
sample of participating cancer survivors (n=6100) was asked to contact their sibling closest
in age for participation in the study. Of these, 4828 stated willingness to participate and were
sent a questionnaire. Of these 4023 siblings completed the baseline questionnaire, and 2374
siblings completed the 2007 follow-up questionnaire.

The primary outcome measure for these analyses was the occurrence of a fracture among
study participants. Self-report data from the 2007 follow-up questionnaire were used to
characterize fracture history. Participants were asked if they had “ever broken a bone”. If the
participant's response to this question was “yes,” he/she was then asked to provide further
details regarding their previous fracture(s).

Information about medical conditions or functional limitations potentially associated with
fracture risk and about physical activity, height and weight were also obtained from the 2007
questionnaire. Participants were asked to report if they had ever been diagnosed with
problems affecting their balance or equilibrium, and to grade the extent of their problem
from mild (not affecting walking or daily routine) to disabling. Respondents reporting a
moderate to disabling problem were considered to experience difficulties with balance and
equilibrium. Vision loss was defined as a diagnosis of legal blindness in one or both eyes.
Smoking history was categorized as ever vs. never. Body mass index was calculated as
weight (kg) divided by height (m) squared and classified as underweight (<18.5kg/m2),
normal (20-24.9kg/m2), overweight (25-29.9kg/m2), and obese (≥30kg/m2). Physical
activity was classified as meeting (yes/no) the Centers for Disease Control and Prevention
(CDC) guidelines for physical activity (30 minutes of moderate intensity physical activity on
five or more days of the week or 20 minutes of vigorous activity three or more days a week).
Functional ability was determined based on the participant's responses to five questions,
adapted from the National Health Interview Survey, that asked participants if their health
over the past two years was limited for more than three months in “(1) the kinds or amounts
of moderate activities you can do, like moving a table, carrying groceries, or bowling; (2)
walking uphill or climbing a few flights of stairs; (3) bending, lifting or stooping; (4)
walking one block; or (5) eating, dressing or bathing.” 23

In addition to health status, selected chemotherapeutic agent exposure (methotrexate and
alkylating agents), as well as glucocorticoids, were considered in analyses based on prior
knowledge of the influence of these agents on bone metabolism.2-5 Cumulative doses of
glucocorticoids were unavailable. Central nervous system and pelvic radiation exposures
and surgical procedures, including amputation of the lower limb (transtibial, transfemoral or
hemipelvectomy), and bilateral orchiectomy and bilateral oophorectomy were obtained from
medical records. Exposure to selected chemotherapeutic agents and pelvic radiotherapy, as
well as the occurrence of an amputation were classified as dichotomous variables for
analyses. Radiation exposure to the hypothalamus and pituitary was categorized as no
exposure, between 1 and 2000cGy, or >2000cGy. Bilateral orchiectomy and bilateral
oophorectomy were not considered in further analyses due to the small number of cases who
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had undergone these procedures (n<20). Finally, data on current usage of agents known to
promote bone health including hormone replacement therapies, bisphosphonates, vitamin D
and calcium supplements, were also considered in analyses.

The demographic and treatment characteristics of survivors participating in the current study
were compared against those survivors who did not complete the CCSS 2007 follow-up
questionnaire, that is, non-participants, using the chi-square statistic. Descriptive statistics
were calculated for demographic and health characteristics and compared between survivors
and siblings. Generalized linear models, stratified by sex, were used to compare the history
of fractures between survivors and siblings. Generalized estimating equations (GEE) with
robust variance estimates were used to account for intra-family correlation. Results were
presented as prevalence ratios (PRs) with 95% confidence intervals (CI). The influence of
selected factors on the history of fractures among survivors only was also evaluated using
generalized linear models (log-link with binomial distribution) stratified by sex. Factors
considered in the analysis included smoking status, BMI, physical activity, vision loss,
difficulties with balance and equilibrium, functional health status and treatment type. Only
those variables that demonstrated p-values of <0.2 in bivariate models were considered in
multivariable models. All models were adjusted for ethnicity, attained age and age at
diagnosis. All analyses were performed using the statistical package SAS Version 9.2 (Cary,
North Carolina).

Results
The median ages at follow-up among cancer survivors and siblings were 36.2, (range:
21.2-58.8) and 38.1 years (range: 18.4-62.6), respectively. The median age at diagnosis was
6.9 years (range: 0-21) for survivors and the median length of follow-up was 22.7 years
(range: 15.6-34.2). Among both cancer survivors and their siblings, the majority of
participants were of white, non-Hispanic descent (>89%, Table 1). When compared to
siblings, survivors were less likely to have ever smoked (p<0.001). When compared to non-
participants, survivors were more likely to be female (50.6% vs. 42.1%, p<0.001) and of
white, non-Hispanic descent (90.8% vs. 79.9%, p<0.001), In addition, a higher proportion of
survivors received glucocorticoids (46.8% vs. 34.9%) or methotrexate (43.6% vs. 31.4%)
than non-participants. Of note, data regarding chemotherapeutic exposures were unavailable
for approximately 30% of non-participants.

Over a third of survivors (34.8%) and siblings (38.9%) reported the occurrence of one or
more fractures during their lifetime. As seen in Table 2, the most frequently reported site of
occurrence of a fracture was the upper limb for both survivors (54.9%) and siblings (55.6%)
followed by fractures of the lower limb and skull. The distribution of the total number of
fractures reported by participants did not vary between survivors and siblings (Table 3,
p>0.05). After adjusting for attained age, ethnicity, smoking status, BMI and history of
medications known to promote bone health, male survivors of childhood cancer were less
likely to report a fracture than their siblings (PR=0.87, 95%CI=0.81-0.94, p<0.001).
Although the reported prevalence of fractures was also lower among female survivors when
compared to their sibling counterparts (PR=0.94, 95%CI=0.86-1.04, p=0.22), this
association did not meet significance at an alpha (α) level of p=0.05.

Generalized linear models stratified by sex were used to examine the influence of selected
characteristics on the prevalence of fractures among survivors of childhood cancer. In
multivariable analyses, male survivors of non-white ethnic descent were less likely to report
a fracture than white participants (PR=0.78, 95%CI=0.66-0.92, p=0.004). Only prior
smoking history (PR=1.24, 95%CI=1.14-1.34, p<0.001) was associated with an increased
prevalence of fracture (Table 4). Among female survivors, an association between
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increasing age at follow-up and an increased prevalence of fractures was observed, with
survivors aged between 40-49 years, and more than 50 years 1.22- (95%CI=1.01-1.48,
p=0.044) and 1.48-times (95%CI=1.10-1.99, p=0.009) more likely to report a fracture than
those survivors aged between 18-29 years. Female survivors who reported difficulties with
balance or equilibrium (PR=1.25, 95%CI=1.05-1.48, p=0.012), or who had received
methotrexate treatment (PR=1.15, 95%CI=1.03-1.27, p=0.001) also reported an increased
prevalence of fracture in multivariable analyses.

Presented in Table 5 is a comparison of the prevalence of fractures among individual cancer
diagnostic groupings compared to siblings. Among male survivors, history of any diagnosis
except non-Hodgkin lymphoma and bone tumors was associated with a decreased risk of
fracture when compared to siblings. The prevalence of fracture was observed to be
significantly reduced only among female survivors of kidney tumors (PR=0.76,
95%CI=0.62-0.93, p=0.009). The only diagnostic group observed to have a higher
prevalence of fracture compared to the sibling control group was female survivors of bone
tumors (PR=1.15, 95%CI=0.97-1.36), although this finding was not statistically significant
at p=0.05.

Discussion
The aim of this study was to characterize history of fractures in a large cohort of adult
survivors of childhood cancer, and to identify patient and treatment characteristics
associated with fractures. To date only a limited number of studies have examined the risk
of fracture among childhood cancer survivors and findings have been contradictory.6, 10, 20

In the current study, we found the prevalence of reported fractures to be comparable
between female survivors of childhood cancer and their siblings, while among males, the
prevalence of fracture was lower among survivors relative to the sibling control group.
Furthermore, we did not observe any meaningful differences in the total number of reported
fractures or the distribution of fractures by site between survivors and their siblings.

Although numerous studies have reported an increased risk of BMD deficits among children
being treated for cancer or shortly after finishing therapy, it is not clear what the
implications of anti-cancer therapies on bone mass and fracture risk are among long-term
survivors. In fact, some investigators have observed that BMD values for many survivors
will return to the normal range in the years following the completion of therapy.16

Accordingly, for survivors participating in the current study, BMD may recover sufficiently
with time so as not to increase the risk of fractures above that of their siblings. However, it
is also important to consider that BMD is not the only factor that mediates the risk of
fracture as bone strength is also in part determined by the inherent structural and material
properties of bone, including geometry, trabecular thickness and connectivity, cortical
porosity, mineral to matrix ratio, and collagen composition.24, 25 While these abnormalities
in bone quality and strength have been shown to increase the propensity to fracture,26-28

little is known about the structural and material properties of bone among adult survivors of
childhood cancer and how these properties are affected by anti-cancer treatments. It is
possible that among survivors with deficits in BMD, reduced bone mass may not be
sufficient to increase fracture risk substantially, but that corresponding impairment in bone
quality and strength may also be necessary. Thus, further studies characterizing additional
measures of bone strength and quality (i.e. bone geometry), as well as BMD may be
important for understanding the etiology of fractures among adult survivors of childhood
cancer.

In addition to bone quality and strength, factors that increase the propensity to fall, such as
impairments in vision, neuromotor coordination, postural control and muscle function, may
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also increase fracture risk. In the current study, we observed an increased risk of fractures
among female survivors who reported difficulties with balance and equilibrium, which is
consistent with findings from a previous study in breast cancer survivors,29 as well as
reports carried out in non-oncological populations.30, 31 Among survivors of childhood
cancer, difficulties with balance and equilibrium may be the result of therapy with platinum-
based agents, which can damage the organs of the inner ear, impairing vestibular function.
Damage to the nerve fibers of the hands, legs and feet, can also occur following vincristine
or platinum therapy. 327, 33 Our findings suggest that the presence of chronic health
conditions following therapy for childhood cancer, such as deficits in balance, may increase
the risk of fracture among survivors. However, not all chronic health conditions that increase
skeletal fragility or the propensity to fall were associated with increased fracture risk in our
study.

In the current study, an association between increasing age at follow-up with a higher
prevalence of fracture was observed among female survivors. In the general population,
rates of fracture begin to rise substantially among women in their fifties coinciding with
declines in estrogen that occur following menopause.24-25 Previous findings from the CCSS
have shown that female survivors of childhood cancer are more likely to enter menopause
prematurely when compared to their siblings.34 Accordingly, our observation of an
increasing prevalence of fracture among aging female survivors may in part be due to an
earlier decline in estrogen production among them. However, we did not observe an
association between exposure to alkylating agents or pelvic irradiation with an increased
prevalence of fracture. The absence of an association may, in part, be explained by hormonal
replacement therapies among female survivors diagnosed with hypogonadism. It is also
possible that failure to reach peak genetic potential during adolescence and early adulthood,
due to the effects of disease and anti-cancer treatments on normal bone accrual, may have
promoted the premature onset of age-related fracture among older females in our survivor
cohort. While the underlying reason for our observation is unclear, our finding suggests that
further studies of bone health among aging female cancer survivors may be warranted.

A limitation of this study was the use of self-report questionnaires to collect information on
the occurrence of fractures and other health-related information among survivors of
childhood cancer and their siblings. The reliability of this approach was dependent on a
study participant's ability to report the occurrence of prior fractures, and consequently,
biases in recall may have impacted our ability to estimate the prevalence of fractures in the
study cohort. We are reassured that the validity of self-reports for fractures is high based on
previous studies in both men and women.35 This study was also limited by the absence of
data on BMD, which prevented us from evaluating potential associations between fracture
risk and BMD in the study population. Finally, the higher proportion of females and
individuals of white, non-Hispanic descent among survivors who completed the CCSS 2007
follow-up questionnaire may limit our ability to generalize findings to males and to
survivors of non-white descent. Although we also observed that a higher proportion of
participants who received glucocorticoids and methotrexate also completed the CCSS 2007
follow-up questionnaire, these observations are difficult to interpret given the high number
of non-participants for whom treatment information were unavailable.

Overall, the findings from this study indicate that the prevalence of fracture among long-
term adult survivors of childhood cancer is similar to that of siblings despite chemotherapy
and radiation exposure known to disrupt bone metabolism during therapy. Nevertheless,
caution is required when interpreting these results as the majority of study participants have
yet to reach an age where the underlying population risk of fracture increases substantially.
The long-term trajectory of BMD deficits following anti-cancer therapies in childhood is
poorly defined and little is known about the potential effects of chemotherapy and
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radiotherapy upon the bone health of ageing survivors. Moving forward, it will be important
to characterize long-term skeletal morbidities in post-menopausal and aging childhood
cancer populations.
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Figure 1. Flow diagram of study participation of cancer survivors from the Childhood Cancer
Survivor Study
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