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Background & Rationale

Cancer in children is rare, as are famibal cancer syndromes hat Include padiatric
cancers. (1] While cancer i familes is not uncommeon, reproducible family cancer syndromes
are rare However, cancer sometimes clusters in famibes in a reproducible manner. (2 When
axamining familes of childhood cancer patients, familial cancer syndromes may nol be fully
developed dus to the relative young ages of the families, Some familial syndromes are well
described, such as the dominantiy-mharited Li-Fraumam syndrome. This includes family
meambers with bane and soft issue sarcomas, breast cancer, bramn tumors. leukemsa and
adrenocartical carcinoma. This disease exhibits about 50% penetrance by age 30 Somsa
affectad members have been found to harbar garmiineg mulation of the Wmor suppressor pene
TP53 [(3-B) In addibom, mulations in ciher tumaor suppressor genes involved in p33 pathways
may contribute fo a propensity lowards SMN. The hCHK2 is a protein kinase that is activated in
response 1o DNA damage. 1t is the human homodog of the yeast Rad53 and Cds1 G2
checkpoint kinase genes that are responsshle for G2 checkpoint control. |§ appears that normal
CHKZ2 responds to DNA damage by phosphorylating and thus activating p53. {8) Thus,
mutations of CHEZ2 waould fend to keep pS3 functionally mactve. Recently, germn hinge mutahons
of CHEZ2 have baen fownd in patents with the Li-Fraumeni Syndromea whio do nol hawe a pod
mutation. { 10) Thare are otber tumors that may be part of the LFS or may be part of known or
préviously not descnbed cancer family syndromes  Hartley and colleagues have hypothesized
that Wilms tumar may be part of a small number of Li Fraumeni syndrome families. (11} Another
study also found a small excess al cancers in family members of Wilms tumor patients,
especially early onset brain and bone tumors. (12]

The classic example of an inhemted cancer syndrome i5 relinoblasioma, Approximately
40% of children with retinchlastoma harbar a germiling mutation in the tumor suppressor gene
RB1 An excess of cancer deaths in relatives under the age of 55 years and in fathers of
bilateral retinoblastoma probands has been shown (13) In a small senes, an overall excess of
cancer incidence in relatives of retinoblasioma patients was seen (14) Other well-described
family histary syndromes mclude neurcfibromatoses, colorectal cancer (FAP and HNPCC),
hereditary breast cancer and nevosd basal cell carcanoma syndrome among others. (2) 1T has



been posiulated that patents with brain tumors may have an increased family hstory of
hematopoietic mabgnancies. (15,16)

Second makgnant neoplasms (SMNs) following childheod cancer may represent a
component of a famiial cancer syndrome. Family history of early-onsel cancer was associaled
with SMMs in a study of childhrood cancer patients. Use of radiation therapy increased this risk,
suggesting a gene-environment interaction. (17) A study of breast cancer following Hodglon's
disease failed Lo find an association.[18)

Concordance for childhood cancer in twins differs a bit from study to study, and may be as
[ow 3% 5% or as high as 17% in monozygotic twins. For sold tumors, ather than relingblastoma,
concordance is lower (19) Risk of cancer is siblings of childdhood cancer patients has also been
reparted ta be higher for leukemia (RR=2.3) than for sofid tumors (RR=1.3). (20,21} Recent
studies have shown that offspring of childhood cancer surdivars do nof appear fo be o
increased risk for development of cancer. (22,23}

Collecting family history imformation is an arducas task, Validating all reported cancers with
medical records 18 costly both in dollars and time. Retrospective studies of family history of
cancer can produce misclassification of reportad cancer occurrence among ralatives. Several
studies have validaled self and relative report and found il generally reliable. (24-27) In a case-
comrol study, sensitiviy and speacificity did not differ between cases and confrols, suggesting
that any bias introduced by self-report would be nondifferential (25) Report of family cancers
fram first degree relatives appaars to be superior to that fram second degree relatves. (27)

With 13,610 family guesbonnaires now avadable for analysis, the CCSS5 presents a large,
ralatively unselected population of diverse pediatric cancers fram which Lo sludy reproducible
family history syndromes The analysis of firsi-degree relatives will provide an important
faundation upon which future studies can be parformad. This will include molecular genatic
studias

Specific Aims/Objectives/Research Hypotheses

'Specific Aim 1: To descnbe the prevalence of specific cancers in first degree relatives of
childhood cancer survivers and determine whether they are at increased risk comparad o hosd
in the general population

Specific Aim 2: To identify childhood cancers that represent components of known
reproductble familial cancer syndromes

Specific Aim 3: To identify previously not described familial cancer syndromes of which
childhood cancer is a component

Specific Alm 4 To determine whether second primary neoplasms following childhood cancer
are associated with specific known or unknoswn familial cancer syndromes

Specific Aim 5. To determine whether specific patterns of familial cancers, currently known or
not previously described, can identify those chidhood cancer survivors at increased risk for
sacond primary necplasms

Specific Aim 6: To identify famibes at greatly increased risk for cancer for further study of
beamarkers of predisposition at the mokecular lewel

Specific Aim 7: To assess the validity of self and family member reported family history af

cancer, (Details on this will be reponed in a separate manuscript that will precede or serve as a
companion paper to the family hestory analysis - see overall methodalogy)

Overall methodology

The averall analysis of family history of cancer among firsl degree relatives of CCS5
participants will be preceded by a clarification study and a validation study. A mechanism for
this has been carefully consadersd by the Genetics and the Epidemiology/Biostatistics Working
Groups and a brief description follows. The results of these studies will be analyzed by the



committes and reported in the Tarm of 8 manuscripl that will precede of accompany the analys:s
of the family histary, This will b2 referenced in the analysis of family cancer history, so it is clear
thal the dala reperted are of high quality and validity. They will also serve (o add [o the literature
on seff-reported data and propose mechanisms for future family history research that will be
fime and cost-effective.
#  Clanfication study
This study will clanfy ambiguously reported cancers or fumors on 588 first degree relatives
of 541 CCSS participants. By maans of individualized telephone scripts and trained
interviewars, respandents will be asked lo darify their original questionnaire response The
malignant character of the reported neoplasm andfor its site will be clarified. Reporied
miultiple primary neoplasms will be confirmed. Families in this study will not be in the
validation study as they have had additional intervention with respect 1o their salf-repart.

+ Valdabon sludy

This study will assess the guality of the sell-reporied family history data by interview enth the
actual individual reported to have had cancer, or the appropniate next of kin, A stratified
sample of 458 families were selected. Participants are stratified by nature of respondent and
peatential for heightaned awareness of family members of cancer

The remainder of this concepd proposal outlines the planned analyses for ihe farmly hestory data

Analysis Framewark
{8} Cutcome of inferest: First-degres refatives of CCSS probarnd wilh history of cancer.

{b) Subject Population: All cases registerad in CC35

{c) Explanatory vanables

CCSS proband.

initial disgmosis, vital status, cause of death f applicable. date of bith age at diagnosis, age at
kast contact or at death, follow-up time since diagrosis, race, gender, recurrence, In those with
SPN's (sacond primary neoplasms) 5PN diagnosis type, age al diagnos:s of 5PN, lalency time
from primary makgnancy, oulcome of 5PN

First degree retatives

Relationship to CCSS proband, date of birth, date of diagnosis (and age at time) of cancer, date
af last follow-up or death, race, gender, type and site of all cancers, vital status, total number of
first degrea relatives

CCSS guestionnaire data and respandent

Relaticnship to CCS5 proband, relatsonship to relatives reported on, age at time of report, need
for data clarfication (YN and f ¥ resull, parbcipation in valwdation study (YN} and d Y, result




{d) Specific Tables and analyses
Tahle 1. Characteristics of the Cohort
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Observed and Expected Numbers of Family Cancers by CCSS Primary Cancer

CCSS Proband Prmary
Diagnosis
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Same analysis but mited to family members < 45 years of age

Observed and Expocted Numbers of Cancers in_ All First Degree Relatives
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Same analysis but imited to family members < 45 years of age




Obesity and Survivors of Childhood Cancer

Table 2. Prevalence of Obesity, Hypertension, and Diabetes Mellitus by Cancer Type Adjusted
for Age and Gender*

ALL CHE Bone Hodgkin'  Kidney  MWeuroblasioma
Tumaors Tumaors MHIL. Tumors

Owverweight
Obesity
Class |

Class 1l
Clasa 111

All overweight/obese
Hyperiension

Diabetes Mellitas

* The distributions of age and gender will be assessed to determine if the above table will be
illustrated as age and gender adjusted or age- and pender-specific rates.

Figure 1. Frequency Plot of Body Mass Index and Cranial Irradiation

Bl

Categories® of Cranial Imadiation by Dose

* Categories will be determined by clustering of doses of CRT.



Risk of SMN by family history of all cancers

Cancer tamily history ALL SMN | Leukemia | CNS [ Thyred Breast 515 Hone

Cancer in 1" degree relatives
Fareni

Half-sibling
CHfspring

|
Sibling | I
!
Cancer [n 1" degrea ralatives '
<45 ye=ars ald [
Pareni
Sibling
Half-zilling

CHIspring

Other analyses
Pedigress will be constructed for all families wilh cancer armang firs) degee relalives Thesse will be
rviewed by the invesbigators and selecied pedigress will be displayed

Dependent on number of families dentified. a table may be construcied showing ty pes of repoodu clbe
pattesas ol tamily hestary and the suggested syndrome, if known. The first row of the table sardes as an
exampis

Familios with apparedt family history syndromes

[Proband Site of | Age at onset | Affected Sieol | Ageal Family
Cancer | Relatves Cancer Ol Fisdory
| ~ § syndrome
Sarcoma [ T4 Fathr Rarcoma | 40 LF&
Mother Broast | 38
Stk Sarcoma | 12
Siblng CME |5
Figures

Figure 1 Cumulative incidance of all cancers among first degres relatves
Figure 2 Cumulative incidence of all cancers amaong first degrea relatives of probands with 5MN and
among fiest degres relalives ol probands withou? ShM
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