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BACKGROUND AND RATIONALE:

Acute Lymphoblastic Leukemia (ALL) is the single most common childhood
malignancy, accounting for approximately 75% of all childhood leukemias and 25% of
all childhood cancers." ALL is also among the most curable childhood malignancies with
ten-year event-free survivorship rates now exceeding 80%.!

The implications for health and health-care costs of obesity in the United States are
manifold. More specifically, obesity in childhood, adolescence, and young adulthood is a
well-described risk-factor for the development of adult-onset diabetes mellitus,
hypertension, dyslipidemia, cardiovascular disease, and cancer.>” Furthermore, the risk
of death from all causes increases throughout the ranges of overweight and obesity in
both men and women.” Given that both the primary and secondary prevention of obesity
has been demonstrated to reduce morbidity and mortality related to cardiovascular (as
well as other) disease,” it is imperative that efforts continue to be made to identify and
assist those populations at risk for developing obesity.

In 1986, Zee and colleagues reported the excess weight gain (in comparison to age-
matched population norms) they observed among 414 survivors of childhood ALL who
received treatment at the St. Jude Children’s Research Hospital.® Subsequently and over
the past twenty years numerous other studies suggest a role for ALL therapy in the
increased risk for overweight and obesity observed among survivors of childhood ALL.”
2! Factors limiting the generalizability of these studies include: their small sample sizes
(often drawn from a single institution and minimizing the diversity of treatment regimens
to which study participants were exposed); the absence in many cases of adequate



comparison or control groups; and a reliance on cross-sectional design strategies with
little ability to track obesity patterns into young adulthood of childhood ALL survivors.

Following up on these studies and recognizing their limitations, in 2003 Oeffinger and
colleagues published results of their analysis of self-reported heights and weights
acquired from Childhood Cancer Survivor Study (CCSS)-participating survivors of
childhood ALL (all of whom were at the time of enrollment in CCSS a minimum of five
years post conclusion of cancer therapy).”® Calculated body mass indices (BMI, kg/mz)
were used to determine the prevalence of obesity (BMI > 30.0) among 1,765 adult
survivors of childhood ALL and 2,565 adult sibling controls. These authors reported that
cranial radiotherapy (CRT) > 20 Gy employed in the therapy of childhood ALL was
associated with an increased prevalence of obesity among both women (OR 2.59, 95%
CI= 1.88-3.55, p<0.001) and men (OR 1.86, 95% CI= 1.33-2.57, p<0.001) in comparison
to age and race-matched siblings. Among women, furthermore, the prevalence of obesity
experienced by individuals who received CRT > 20 Gy appeared to be modified by their
age at diagnosis, with those female participants diagnosed between 0-4 years of age
experiencing the highest risk (OR 3.81, 95% CI= 2.34-5.99, p<0.001). No significant
increases in the prevalence of obesity were observed among: survivors who received
CRT > 20 Gy and were diagnosed in mid-to-late adolescence (15-21 years of age);
survivors who received CRT less than 20 Gy; and survivors who received chemotherapy
without CRT.

Recently, new self-reported height and weight data collected from CCSS participants and
sibling controls between 2003 and 2004 have become available for analysis. This new
data provide the unique opportunity to assess longitudinally BMI in adult survivors of
childhood ALL, with an average of 7-8 years of interval time. To date, there exists no
published literature describing longitudinal changes and trends in BMI experienced in
this population.

SPECIFIC RESEARCH AIMS/HYPOTHESES:

Aim 1: For the interval from Baseline to Follow-Up 2 Study, determine if the
rate of BMI increase and the change in proportion (normal weight,
overweight, obese) in ALL survivors is greater than that of sibling
controls.

Aim 2: Identify factors among ALL survivors that are significantly associated
with obesity or a greater rate of BMI increase.

Hypothesis 1: The rate of BMI increase in ALL survivors who received = 20 Gy CRT
is greater than those rates of BMI increase observed among:

1. Adult siblings of childhood cancer survivors;
2. ALL survivors who received 10.0 - 19.9 Gy CRT;
3. ALL survivors who received chemotherapy alone.




Hypothesis 2: The rate of BMI increase among ALL survivors who received 2 20 Gy
CRT and were non-obese at Baseline is greater than that of sibling
controls who were non-obese at Baseline.

Hypothesis 3: The rate of BMI increase in ALL survivors who received 10.0 — 19.9
Gy CRT is greater than that of sibling controls.

Hypothesis 4: The rate of BMI increase in ALL survivors who received chemotherapy
alone is greater than that of sibling controls.

S. ANALYSIS FRAMEWORK:

A. Subject population:

Childhood ALL survivors enrolled in CCSS who completed Baseline and Follow-Up
2 questionnaires (n = 1765).

B. Comparison group:

Siblings of childhood cancer survivors who completed Baseline and Follow-Up 2
questionnaires (n = 2565).

C. Outcomes of interest:

1. Mean BMI among subjects and comparison controls.
2. Prevalence of obesity (BMI > 30 kg/m”) among subjects and comparison controls.

3. Rate of change in mean BMI among subjects and comparison controls occurring
between Baseline and Follow-Up 2 (A mean BMI/# interval days).

4. Absolute change in prevalence of obesity among subjects and comparison

controls occurring between Baseline and Follow-Up 2 (A % individuals with BMI
> 30 kg/m?).

D. Independent variables of interest:

Age at study;

Gender;

Race/ethnicity;

Age at time of diagnosis (continuous by 5-year intervals);

History of cranial radiation therapy (categorical);

History of cranial radiation therapy (categorized by dosage intervals 10.0 — 19.9
Gy; 20.0 - 29.9 Gy; >30.0 Gy);

7. History of corticosteroid therapy (categorical)

AR




E. Statistical analysis:

Two types of analyses will be conducted: cross-sectional analysis using Follow-up 2
data and longitudinal analysis using Baseline and Follow-up 2 data.

Cross-sectional Analysis:

The methodology used in the original obesity analysis of Baseline data will be used
for the cross-sectional Follow-up 2 data. Descriptive univariate analyses will be
performed to assess the relationship of demographic and treatment variables with
BMI and prevalence of being overweight or obese. Analysis will be stratified by
gender and adjusted for attained age at follow up and race. The influence of each
chemotherapeutic agent used for ALL will be analyzed individually and in
combination. Cumulative doses of CRT will be grouped by 5-Gy intervals. An
adjusted 3-level (normal weight, overweight, obese) polytomous logistic regression
analysis will be conducted to estimate the odds ratios and 95% confidence intervals
for being overweight or obese rather than being normal weight in ALL survivors and
the associations will be compared with those in the siblings. To account for potential
within-family correlation, a bootstrap method will be used by resampling the family
units. Significant factors identified in the univariate analysis will be tested in the
logistic regression.

Longitudinal Analysis:

A Generalized Estimating Equation (GEE) model will be used to model the BMI at
Baseline and Follow-up 2. The within-person correlation between the two time points
as well as the within-family correlations will be accounted for in the GEE using an
unstructured working correlation matrix. As above, this comparison will be stratified
by gender and adjusted for attained age at study and race. The main variable of
interest will be the effect of time (i.e., change in BMI between the two time points)
and its interaction with the subgroups of ALL survivors and controls. Other factors of
interest will also be crossed with the time variable to assess what characteristics are
associated with at steeper slope/change. The three-weight category polytomous model
will also be extended to fit the longitudinal data with the similar covariate set as the
GEE model. Here the statistical inference will use bootstrap.

The analysis will be conducted by Dr. Yasui and his group in Alberta. Drs. Yasui,
Oeffinger, Sklar, and Mertens collaborated on the first obesity analysis in ALL
survivors.
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7. TABLES/FIGURES:

Table 1. Demographics of adult survivors of childhood ALL and siblings of childhood cancer survivors

Variable ALL Survivors Siblings
N=1765 N=2565

Age at interview
Mean, Yrs. (SD)
Median, Yrs. (range)

Gender, % female

Ethnicity, %
White, NH
Black, NH
Hispanic/Latino
Other

Age at cancer diagnosis
Mean, Yrs. (SD)
Median, Yrs. (range)

Interval from diagnosis
Mean, Yrs. (SD)
Median, Yrs. (range)

Treatment

Chemotherapy
cytarabine
cyclophosphamide
daunorubicin
dexamethasone
doxorubicin
L-asparaginase
6-mercaptopurine
methotrexate
prednisone
thioguanine
vincristine
etoposide

Chemotherapy without CRT

Chemotherapy with CRT:
10.0-19.9 Gy
20.0 - 29.9 Gy
_2>300Gy




Table 2. Mean body mass index (BMI) and prevalence of obesity among survivors of childhood ALL and sibling
controls

Characteristic N BMI " % Obese
Mean BMI > 30
(SD) kg./m2

MALES
Siblings
Age at Study
18-24 years
25-29
30-34
35+
ALL Survivors
Age at Study
18-24 years
25-29
30-34
35+
Age at Diagnosis
0-4 years
5-9
10-14
15-21
Therapy
Chemotherapy only
Chemo + CRT 10-19 Gy
Chemo + CRT > 20 Gy
FEMALES
Siblings
Age at Study
18-24 years
25-29
30-34
35+
ALL Survivors
Age at Study
18-24 years
25-29
30-34
35+
Age at Diagnosis
0-4 years
5-9
10-14
15-21
Therapy
Chemotherapy only
Chemo + CRT 10-19 Gy
Chemo + CRT > 20 Gy




Table 3. Gender-specific odds ratio (OR) and 95% confidence intervals (95% CI) for being overweight or obese
among survivors of childhood ALL in comparison with sibling controls and U.S. adult means, adjusted for age and
race

Group N Overweight Obesity

BMI 25-29 (BMI > 30)
(vs. siblings) (vs. siblings)
OR (95% CI) ’ OR (95% CI)
MALES
Siblings

ALL survivors
Chemotherapy only
age at diagnosis 0-21

Chemo + CRT 10-19 Gy
age at diagnosis 0-21

Chemo + CRT > 20 Gy
age at diagnosis 0-4

age at diagnosis 5-9
age at diagnosis 10-14
age at diagnosis 15-21

FEMALES
Siblings
ALL survivors
Chemotherapy only
age at diagnosis 0-21

Chemo + CRT 10-19 Gy
age at diagnosis 0-21

Chemo + CRT > 20 Gy
age at diagnosis 0-4

age at diagnosis 5-9
age at diagnosis 10-14

age at diagnosis 15-21




Table 4. Factors associated with increased rate of BMI change.

Group

MALES
Siblings

ALL survivors
Chemotherapy only
age at diagnosis 0-21

Chemo + CRT 10-19 Gy
age at diagnosis 0-21

Chemo + CRT > 20 Gy
age at diagnosis 0-4

age at diagnosis 5-9
age at diagnosis 10-14
age at diagnosis 15-21

FEMALES
Siblings
ALL survivors
Chemotherapy only
age at diagnosis 0-21

Chemo + CRT 10-19 Gy
age at diagnosis 0-21

Chemo + CRT > 20 Gy
age at diagnosis 0-4

age at diagnosis 5-9
age at diagnosis 10-14

age at diagnosis 15-21




Figure 1. Change over time in mean BMI among survivors of childhood ALL and sibling controls






