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1. Abstract

A Study of the Aetiology and Epidemiology of Cancersin Teenagers And Young Adults
Dr Ramandeep Singh Arora, MD, University of Mandbes2010

Introduction

Little is known about the aetiology of cancereemnagers and young adults (TYA) aged
15-24 years, although in England, cancer is thet cmamon cause of disease-related mortality
in this age group. The most common cancers aatfesare lymphomas, central nervous system
(CNS) tumours and germ cell tumours (GCT). The comest carcinomas seen at older ages
including lung, breast, large bowel and prostat®ant for only 3-4% of TYA cancers. In this
thesis | describe the incidence patterns of sedezdacers in TYA and the variation seen with
geography, time and in population subgroups. Tbhadas on CNS tumours, GCT and bone
tumours as they either peak in incidence in TYA/andontribute disproportionately to cancer-
related mortality in TYA. This will allow formulatin of hypotheses regarding aetiology of
cancer in this age group which can then be testddrther research.
Methods

For the majority of the analysis, anonymised mati@cancer registration data from
England on individual patients of all ages with hediagnosed cancer between 1979 and 2003
were used. To contrast the incidence patterns giaed with that of India, data from five Indian
urban population based cancer registries were fosquart of the analysis. Age, sex, site and
histology specific incidence rates were calculaed expressed per million person years. All
rates, where appropriate, were adjusted to thedvgtaindard population using direct methods.

To explore the link of growth with developmentasteosarcoma and Ewing sarcoma, a
random-effects meta-analysis was undertaken omestuchich investigated an association of
these tumours with height at diagnosis.
Results

The incidence of cancer in TYA overall in Englan@d@eded that of India. This was also
true for most individual sites including epithel@ncers of lung, colon/rectum, breast, ovary and
cervix, and non-epithelial cancers including metaapHodgkin lymphoma and testicular
cancer. Notable exceptions to this pattern wereeaof the mouth, gall bladder and stomach

(females only) where incidence was higher in India.
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In England, CNS tumours in TYA were a composit@itdcytic astrocytomas and
embryonal tumours (representing tail end of chiwth@NS tumours), pituitary tumours, nerve
sheath tumours, high grade astrocytomas and memnmagi (representing early-onset of CNS
tumours that peak in incidence in tH2#hd 7' decade of life), and of CNS GCTs, pleomorphic
xanthoastrocytomas and neurocytomas which shovalaipeidence in TYA.

Irrespective of site or histology, GCT in Englasitbwed a peak in incidence between
ages of 10 to 39 years which was more marked iesndlhis however varied by site and the
peak incidence was seen at 10 to 14 years in tHg, @5lto 19 years in ovary, 25 to 29 in
mediastinum & thorax and abdomen & pelvis, andd84 years in testicular tumours.

Osteosarcoma and Ewing sarcoma were the predotiinae tumours in TYA in
England and showed a distinct peak of incidend®db 14 years age in females and a larger
peak at 15 to 19 years age in males. The peakencedof osteosarcoma of long bones of the
lower limb was six times more than that at any o#ite while the peak incidence of Ewing
sarcomas located in the bones of the central axisegled those in long bones of the lower limb.
The average height of patients with osteosarcordaghosis was found to be significantly
above the average height of the reference populaticthe 95% level. The association of greater
height at diagnosis with Ewing sarcoma was alsoifstgint at the 95% level but much weaker.
Conclusion

In this thesis | have explored the epidemiologgaricer in TYA using some of the
established methodologies which have previousiy hsed in advancing our knowledge of
childhood and older adult cancers. These studm&ge some clues to aetiology. Variation in
environmental exposures and lifestyle factors betwengland and India can explain the
majority of the differences in incidence patterbserved. Genetic predisposition to cancer along
with carcinogen exposure could lead to early onsesbme cancers generally seen in older
adults. Regardless of site, the similarity in aggidence patterns of GCT, suggests a common
initiation of these tumours in embryonic/foetaklivith variable rates of tumour progression as a
result of local factors or events during postnatal pubertal period. The incidence patterns of
osteosarcoma along with the strong and consisssaication with a greater height at diagnosis
indicate that bone growth is important in the depetent of this tumour while different
biological pathways which may be unrelated to groeduld also be relevant for Ewing

sarcoma.
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5. Introduction

51 Background

Cancer is one of the leading causes of death wattdand in 2004 accounted for 7.4
million deaths (around 13% of all deaths) [1]. imgtand, each year nearly 250,000 people are
newly diagnosed with cancer and 65% of these apeaple aged 65 years and over [2]. Cancer
in teenagers and young adults (TYA) aged 15 toests/constitutes a small fraction (<1%) of
this overall cancer burden [3]. But, it is a magause of mortality and morbidity in TYA. In
England, cancer is the most common cause of digeteted death in TYA and second only to
accidents as the overall cause of death [4]. Timaahof late effects of treatment in this age
group can be considerable, including loss of fgrfisecondary malignancies and organ failure.
In addition, at this critical period of life, digstion of educational, vocational and professional
training can potentially have profound and longditageffects on the future quality of life of

patients [5].

What are Teenage and Young Adult (TYA) Cancers?

Biologically, adolescence begins with onset ofgutyg at about 10 years in girls and 12
years in boys [6]. Adolescence ends and early adodt begins with attainment of adult height
and full reproductive maturity. However if physigloal and psychobehavioural attributes are
taken into account, attainment of early adulthoguiag¢es to about age 19 years in women and
21-25 years in men [7]. In practice, adolesceneefisxible concept that encompasses most
young people. For the specific purpose of this ref@or A refers to individuals aged 15 to 24
years. However, where appropriate for specific turapvariations to this definition will be used

and clearly specified.



In 2002 Birch et al proposed a cancer classificesicheme [8] which is largely
morphology-based and has now become the acceptédeséor cancer incidence studies in
TYA [9]. The main groups of cancer types in TYA blal) are lymphomas, carcinomas, central
nervous system (CNS) tumours, germ cell tumoursTGleukaemias, melanomas, bone
tumours and soft tissue sarcomas [10]. In conteastder age groups, carcinomas in TYA arise
mainly in the thyroid and female genitourinary tr&€arcinomas of lung, breast, large bowel and

prostate, which represent half of all cancers dyexecount for only 3-4% of TYA cancers.

Table | - Incidence of cancers (rate per milliomsp@ years at risk) in those aged 13 to 24 years

in England, 1979-2001, by cancer group and sex fston et al 2007 [10]

Male Female All

N Rate | N Rate | N Rate
Leukaemia 2375 | 25.2 | 1560 | 17.1 | 3935 | 21.2
Lymphoma 4794 | 50.5 | 3704 40.0 | 8498 @ 45.3

CNS tumours 2671 | 28.2 | 2373 | 259 | 5044 | 27.1
Bone tumours 1308 | 139 | 884 | 9.8 2192 119
Soft tissue sarcom| 930 | 9.8 774 | 84 1704 | 9.1
Germ cell tumour | 4152 | 43.3 | 544 6.0 |4696 24.8
Melanoma 967 10.1 | 1813 | 19.4 | 2780 | 14.7
Carcinoma 1658 | 17.4 | 4126 44.0 | 5784 30.6
Other Specified 200 2.1 235 2.6 435 2.3
Unspecified 95 1.0 128 1.4 223 1.2
Total 19150 201.5| 16141 | 174.5| 35291 188




Cancers in TYA with the highest mortality diffeom those with the highest incidence.
CNS tumours, lymphoid leukaemias and bone tumawd A cancers with the highest
mortality rates. [4]. In England, the 5-year ovesalrvival of cancers in TYA for the period
1996 to 2001 was 77% [11]. However the relativer@mesentation in TYA of cancers with
higher survival (Hodgkin lymphoma, testicular G@iglanoma and thyroid carcinoma)
obscures a more grim reality. Detailed analysigeaés/that current survival of leukaemias, CNS
tumours, and bone and soft tissue sarcomas in BYworse than that of children with these
groups of diseases [11,12] and worryingly thereehasen no sustained improvements in
survival over time among TYA with high-grade bra&imours and bone and soft tissue sarcomas

[11].

Aetiology of Cancers in TYAs

Much of our understanding of cancer causationcbase from epidemiological
approaches describing the patterns of cancer irehypupulations and identifying risk factors
through case-control and cohort studies. Usingetlagproaches, we now know much more
about the exogenous and endogenous factors aggbeidh causation of common cancers in
adults [13,14]. 20% of cancers are associated etithnic infections (e.g. chronic hepatitis
viruses, human papilloma viruses, human immunomefay virus and helicobacter pylori).
Lung carcinoma is strongly associated with tobastooke. Breast carcinoma is linked to
hormonal and reproductive factors but is also grilced by diet and lifestyle. Colorectal
carcinoma is associated with a diet rich in fdipesl carbohydrates and animal protein and a
lifestyle involving low physical activity. For mosf these cancers, clinical onset follows a

prolonged period of exposure.
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As TYA with these cancers will not have had theealuration of diet and lifestyle-
related exposures, other factors including gersetsceptibility may play a greater role in this
age range than in older people [5]. There is sondeace that there may be a relatively greater
proportion of high-penetrance mutations in somesad early-onset carcinomas, although few
systematic studies have addressed this issue [1Bl&gertheless, we know that the contribution
of high-penetrance mutations in the causation dfllcbod cancer is 5-10% [17] and it is
unlikely that their role would be greater in theisation of cancer in TYA. Low-penetrance
cancer susceptibility cancer genes could also legast and this needs to be explored in the
future. Polymorphisms in drug metabolism pathwalges that involving the cytochrome p450
system have an established role in the causatieavaral adult-onset cancers [18].

An association of birth weight and childhood grbwits been reported with several
adult-onset cancers like breast [19,20] and pre$&dt] as well as with childhood cancers [22-
25]. The possible explanation for these associatara that growth is a biomarker for biological
mediators of risk (like cellularity or growth promimeg hormones) or alternatively is a biomarker
for other exposures that influence cancer risle(fitetal nutrition, chronic infection, calorie
intake or exposure to high levels of sex hormof&8]) Growth spurt linked to puberty is a key
physiological event in adolescence and this makesandidate for further investigation in the
evolution of cancers in TYA, particularly those wihnipeak in incidence in this age group like

bone tumours and GCT.
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5.2 Rationale and format of thisthesis

There is clearly a need for better understanding@bccurrence and causation of
tumours in TYA. This can be achieved in a varidtyays. In this thesis | explore the
descriptive epidemiology and what that may implydetiology of cancer in TYA applying
some of the established methodologies which has@quisly been used in advancing our
knowledge of childhood and older adult cancers.vixyk focuses on selected cancers and uses
data obtained from a variety of sources. The comtheme running through the research is the
relevance of these cancers in TYA. Because of tysthesis lends well to being presented in
the alternative format where the results are ptesess a collection of papers. Each of these
papers iof a journal manuscript length andsisitable for submission for publication.

My first paper looks at the variation in the inaide of cancer at all sites in those aged 15
to 29 years in England and contrasts this withrnhElence patterns in India. Data for this study
were obtained from five urban population-based earegistries (PBCR) of India and from the
eight regional PBCR in England. Geographic andiethariations in the incidence of adult
cancer have enhanced our understanding of thesiatian [13,27]. For example, elucidation of
the high incidence of liver cancer in Africa andasecondary to food contamination by
aflatoxins, of bladder cancer in Egypt as a reslutthronic cystitis from Schistosoma
haematobium, and of oral cancer in South Asia fnaghly prevalent use of oral tobacco all
stem from epidemiological observations. Similarraietion of geographical variation in cancer
incidence in TYA may provide important aetiologicéles and stimulate further investigations.
Such studies can give an indication of the extemthich environmental factors are implicated
in the causation of each cancer type althoughgddrte international difference in cancer risks

may be genetic rather than environmental.
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The next four papers in this thesis deal with itelaage-incidence patterns and
longitudinal trends with a focus on three individoancer groups: CNS tumours, GCT and bone
tumours. These cancers have been selected basediodistinct incidence patterns and/or
disproportionate contribution to cancer-relatedtaldy in TYA. The variation of incidence
patterns over time and in population subgroupsaliitw formulation of hypotheses that might
explain the observed differences and which can lieetested by further research

The final paper in this thesis is a meta-analgsitie possible link of osteosarcoma and
Ewing sarcoma risk with height at diagnosis. Somdeaxce exists that patients with
osteosarcoma and Ewing sarcoma are taller thagetheral population [28-31]. However, these
studies are under-powered and/or lack comprehensitzeand there are inconsistencies. Meta-
analysis is a commonly used statistical tool whieeeresults from two or more separate studies
are combined. This increases the chance of deteatiral effect as being statistically significant
if it exists, as well as improving the estimatidraa intervention effect. My objective was to do
a comprehensive literature search to identify r@¢studies in order to meta-analyse the
strength of association between height at diagreosisrisk of developing the above tumours.
This can then assist with developing areas forréutasearch.

In addition to the work done above, | have alserbactively involved in developing the
protocol and associated study materials for a grarded project on bone tumours in children
and young people. Prof Jillian Birch successfuligised funding to conduct a pilot study of
osteosarcoma and Ewing sarcoma as the forerun@emaiti-centre international case-control
study. The main objectives of the pilot study ara@scertain and recruit a population-based
sample of patients diagnosed up to 24 years ofvtheosteosarcoma and Ewing sarcoma,;

interview families, collect DNA samples and abstratevant medical records. The results of
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the pilot will enable us to determine the feasipitf setting up the full international study of
bone tumour aetiology. Cases of histologically aoméd osteosarcoma and Ewing sarcoma in
persons aged 0-24 years diagnosed during a 2 geadpJuly 2009 to June 2011, resident in the
North West and Yorkshire and the Humber Strategialth Authority areas are currently being
recruited. By the end of 2010, 12 patients had bbeeruited and another six have been
approached.

My contribution to this has been in writing thétied draft of the ethics application using
the online Integrated Research Application Syst&A§) forms. As part of this application, |
was also involved in designing the protocol andtohig the patient and parent interview
proformas, age-appropriate information leaflets emaksent forms (see appendix) for use in this
pilot interview-based study. In order to investagttte association between growth from birth to
adulthood and development of these tumours, spegistions with regards to physical growth
in childhood and adolescence, onset of pubertyralated sports and exercise activities were
added to the proforma. | sought the advice of @sprrpaediatric and adolescent endocrinology
to aid the construction of the proforma in additiorsearching the literature. The questionnaires
and other study materials will be evaluated whea dallection is complete and | hope to
contribute to data analysis, interpretation andettgyment of the protocol for the future full

study.
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5.3. Cancer registration and population estimates

The core of the work carried out for this thesibased on cancer registration data for
England and India. In this section, | will descrthe cancer registration systems in England and
India. Calculation of incidence rates needs popriadenominators and | will also discuss how
these are derived for each of the countries. Spatgtails about coding and classification of

cancer, and statistical analysis are given in ththods sections of the individual papers.

Cancer Registration in England

The beginning of cancer registration in severalspaf UK was in the 1920s with the
main purpose of finding the outcome of patientated with radium at that time. Gradually the
objectives became broader, the coverage expandkllyal©®62 there was complete geographic
national coverage via a series of regional poputatiased cancer registries [32,33]. The coding
and classification of individual cancer cases loflsWwed international standards: International
Classification of Diseases [34,35] and Internatid@assification of Diseases for Oncology [36-
38]. At the present time, there are 11 cancer téggsin the UK. Cancer registration in England
is conducted by eight regional registries (Figurenhich submit a standard dataset of
information to the Office for National Statisti@®NS), for the collation of national cancer

incidence data. Northern Ireland, Scotland and ¥/haéve national cancer registries.
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Figure 1 Areas covered by the regional cancer trggs England 2007

The information for cancer registration is acqdifiem a variety of sources including
hospitals, cancer centres, treatment centres, ¢tespprivate hospitals, cancer screening
programmes, other cancer registers, general peactntirsing homes, death certificates and
Hospital Episode Statistics. There is a high degfemse ascertainment, and registry records are
largely complete, accurate, and reliable with tess 0.1% of serious errors detected on regular

completeness and validity checks [32]. The qualityegistration is reflected by the high
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percentages of histological verification of cand@&#%.9% in England for the year 2009) and low
proportion of registrations by death certificaters (2.8% in England for the year 2009) [39].
A particular aspect of importance of cancer regigin is the link with the National
Health Service Central Register (NHSCR). Since 188ar as possible all registrations in
England and Wales have been recorded (‘flaggedleoNHSCR, a register of almost all of the
population of England and Wales. This allows congpless of registration and eliminates
duplication. The proportion of cancer registratioeseived by ONS that were successfully
linked to an NHSCR record was on average aboue®@@ent from 1971 up to 1989 and has

been over 99 per cent for data for 1993 and sulesggears [40].

Population Estimates for England

National population estimates by single year &, &gx and calendar year are supplied
by the Population Estimates Unit, ONS. They arelpced based on decennial census
(conducted in England and Wales every ten yeats)tdgether with information on births,
deaths and migration using a well established deaptic approach called the cohort
component method [41]. The compulsory registratibhirths and deaths with the General
Register Office ensures that administrative rectwdhese life events are accurate.
International migration is estimated using survatadand internal migration is estimated using
changes in administrative data as a proxy measurmeements of individuals between areas
within the UK. Adjustments are made for changespecial population subgroups, including
prisoners, school boarders, and the armed foraktheir dependents. Extensive analysis is

carried out to validate and quality assure the dathestimates at every stage of the process.
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Cancer Reaqistration in India

Information on cancer occurrence in India was labée only from cross-sectional
surveys until 1964, when the first PBCR was seinupombay (now Mumbai) [42]. The next
major milestone was the initiation of the Natio@ancer Registry Programme by Indian Council
of Medical Research in 1982 which included the texgisBombay PBCR and establishment of
two new PBCR at Bangalore and Madras (now Chen@a®gr the years several other urban
PBCR (Bhopal & Delhi in 1987, and Kolkata in 20@#)d two rural PBCR (Barshi in 1987 and
Ahmedabad district in 2003) have been set up [A8¢litionally, a North Eastern Regional
Cancer Registry has been initiated from 1 Janu@®g 2n six areas at Guwahati, Dibrugarh and
Silchar in Assam, Aizawl in Mizoram, Imphal in Mgoir and Gangtok in Sikkim with a
Monitoring Unit at Regional Medical Research CenDibrugarh [44]. Together all these urban,
rural and regional registries cover around 5% efltidian population (with a predominantly
urban skew) and less than 1% of the total geogcaphrea [43,44]. A map of India depicting
the locations of the various cancer registrieh@National Cancer Registry Programme is
shown in figure 2.

Cancer is not a notifiable disease in India amsteation is active but voluntary. Staff of
registries visit hospitals on a routine basis ardtsise the records in various departments that
include pathology, radiology, radiotherapy, in-patiwards and out-patient clinics to elicit the
desired information on reported cancer cases wst@gmmon core proforma that has been
standardised for all cancer registries in Indig482 Death certificates are also scrutinised from
the municipal corporation units. Every attempt &sd®@ by registries to register all cancer patients
in the registration area who are resident (at lasine year) in the area in all hospitals and

copy all death certificates in which cancer is nred.
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Figure 2 Location of Cancer registries in India evhare part of the National Cancer

Registry Programme

¥ INDIA
Population-Based Cancer Registries
- o,
O #
. Urban Population-Based Cancer Registry
. 0 Rural Population-Based Cancer Registry

* Maorth-Eastern Regional Cancer Registry

Coding of the disease is done according to Internak Classification of Diseases
[34,35] and according to International Classifioatdf Disease for Oncology [36-38]. Certain
basic checks of data, especially those relatedipticghte registrations verification and matching
with mortality records, are carried out by the indual registries. After this, the data are sent to
the Coordinating Unit in Bangalore for checks onafale specific value ranges, consistency and
unlikely combinations together with a further rowfdossible duplicates. The Coordinating

Unit collates the data and performs tabulationgrépare the consolidated report for that year.
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The completeness and quality of registration isalde. Several of the above mentioned
registries have been listed in the Cancer Incidamé&éve Continents published by the
International Agency for Research in Cancer [45].6&rlier survey had estimated completeness
of population coverage previously to be 72% in Bdoge, 100% in Chennai and 78% in
Mumbai [46]. In the Mumbai PBCR there has been msgjve increase in percentages of
histological verification for cancers, decreaséhm proportion of registrations by death
certificate alone as well as the proportion of saggistered to other and unspecified sites [47].

Similar data for other PBCR in India at presentrastavailable.

Population Denominators in India

In India, population figures are based on censuslagcted every 10 years starting from
the year 1951. The latest Census was conductée iypeiar 2001. The exponential growth rate
method is in use to estimate the total populatayritie given year. The total population
denominators for calculating the incidence ratescatculated in this way. The same method is
used to estimate population by five-year age gragesrding to sex. Recently, this approach has
been shown to suffer from bias and often correstimecome necessary in five yearly age group

populations [48].

54. Summary of studiesincluded in thisthesis
A summary of the individual studies which form tpairthis thesis is displayed in Table
II. In all these studies | have been the lead itigator with support from various colleagues. My

role and their contributions are detailed in Tdlle
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Table Il — Summary of individual studies preseritethis thesis

Title of Paper Type of Study Cancer Sour ce of Data Time Period
Cancer at ages 15-29 years: The contrasting incidien Geographical comparison of All Cancers Cancer registration data fromp 2001 to 2003
India and England incidence patterns England and India
Age-incidence patterns of primary CNS tumours iitdcan, Analyses of incidence by age CNS Tumours Individual patient level cancgr 1995 to 2003
adolescents, and adults in England groups 0-14, 15-24 & 25-84 years registration data from England
Are reported increases in incidence of primary G8ours | Longitudinal trends by age groups CNS Tumours Individual patient level cancer 1979 to 2003
real? An analysis of longitudinal trends in Englah@i79- 0-14, 15-24, 25-64 & 65-84 yearg registration data from England
2003
Comparative incidence patterns and trends of gdreath Analysis of incidence and Germ Cell Tumours Individual patient level cancer 1979 to 2003
extragonadal germ cell tumours in England, 19720@3 longitudinal trends by age groups - registration data from England

9, 10-49 & 50-84 years

The contrasting age-incidence patterns of bone tusno Age-specific incidence patterns and Osteosarcoma, Ewing Individual patient level cancer| 1979 to 2003
teenagers and young adults: Implications for azgipl longitudinal trends sarcoma, Chondrosarcomga registration data from England

Relationship between height at diagnosis and bometrs Meta-analysis of results from Osteosarcoma, Ewing Pubmed 1950 to 2010
in young people: A meta-analysis previously published reports sarcoma
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Table Ill — Details of my contribution and thatrafy co-authors in the individual studies presentethis thesis

Title of Paper

My Role

Assistance of Others

Cancer at ages 15-29 years: The contrasting incédienindia

and England

Conceived and designed the study
Data analysis

Data interpretation & writing of manuscrip

Advice on data analysis — JMB, RDA
Comments on draft of manuscript — JMB, MG, RDA, TOE

Age-incidence patterns of primary CNS tumours iitdcan,

adolescents, and adults in England

Conceived and designed the study
Data analysis

Data interpretation & writing of manuscrip

Advice on data analysis — JMB, RDA
Comments on draft of manuscript — AM, EJE, JMB, MRBA, TOE

Are reported increases in incidence of primary Gi8ours

real? An analysis of longitudinal trends in Englah®79-2003

Conceived and designed the study
Data analysis

Data interpretation & writing of manuscrip

Advice on data analysis — JMB, RDA
Comments on draft of manuscript — AM, EJE, JMB, MRBA, TOE

Comparative incidence patterns and trends of gdrzaath

extragonadal germ cell tumours in England, 19720@3

Conceived and designed the study
Data analysis

Data interpretation & writing of manuscrip

Advice on data analysis — JMB, RDA
Comments on draft of manuscript — JMB, MG, RDA, TOE

The contrasting age-incidence patterns of bone tusno

teenagers and young adults: Implications for aegipl

Conceived and designed the study
Data analysis

Data interpretation & writing of manuscrip

Advice on data analysis — JMB, RDA
Comments on draft of manuscript — JMB, RDA, TOE

Relationship between height at diagnosis and bametrs in

young people: A meta-analysis

Conceived and designed the study
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Cancer at Ages 15-29 Years: The Contrasting Incidence in India and England
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Marco Geraci, PhD," Catherine O’Hara, PhD,? and Jillian M. Birch, phD’

Background. There has been a steady increase in published
research from Europe and North America on the epidemiology of
cancers in young people. There are limited data from the devel-
oping world. We contrast the incidence of cancer at ages 15-29
years in India and England. Procedure. Malignant neoplasms in
those aged 15-29 years registered during 2001-2003 in five urban
population-based cancer registries (PBCRs) of India and in eight
PBCRs in England were included. Site-based classification was used.
Age-standardized incidence rates were expressed per 100,000 per-
son years. Results. In India, 4,864 (5.8%) of 84,450 cases and in
England, 8,137 (1.2%) of 65,6752 cancer cases occurred in those
aged 15-29 years. For this age group, the incidence rate for males
and females in India were 12.91 and 14.19, and in England were

Key words: adolescents; cancer incidence; developing world; England; young Adults; India

27.75 and 28.88, respectively. In males aged 15-29 years, the three
most common cancers in India were leukemia, lymphoma, and cen-
tral nervous system tumors and in England were cancers of male
genital organs, lymphoma, and leukemia. Cancers of female genital
organs, breast, and leukemia were most common in females in India
and cancers of female genital organs, lymphoma, and melanoma in
England. For cancers of mouth, stomach, and gall bladder, the inci-
dence was higher in India. Conclusion. Incidence of cancer at ages
15-29 years in England is higher at most sites than in India. Variation
in environmental exposures between the two countries might be an
explanation. Under-ascertainment of cases and gender bias in seek-
ing healthcare may also influence reported incidence rates in India.
Pediatr Blood Cancer. © 2010 Wiley-Liss, Inc.

INTRODUCTION

In 2002, Birch et al. [1], defined the incidence of cancers in
people 15-24 years of age in England using a morphology-based
classification scheme. Subsequently, other countries in Europe have
done similar analyses for their local populations using the same
classification scheme [2,3]. Incidence data in this age group have
also been published from USA although a site-based classification
was used [4]. As a result of these studies from Europe and North
America, our understanding of the cancers which occur in teenagers
and young adults (TYA) has improved. However, there are little or
no data on cancers in this age group from the developing world.
Based on a single recent review with a more limited age range, the
incidence of cancer in adolescents aged 15-19 years was reported
to range from 9.5 to 25.5 per 100,000 person years across the world
[5]. The highest incidence rates were reported from Australia and
among Jews in Israel with the lowest in India and Japan.

We present here incidence rates of cancer among males and
females aged 15-29 years (henceforth, referred as TYA) in India
and contrast this with the rates for the same age range in England.
Studying variations in cancer incidence in these age groups in dif-
ferent populations and geographical areas is likely to be informative
as the relative exposures to potential environmental risk factors will
be different.

METHODS

Data were obtained for the period 2001 to 2003 in the five
urban population-based cancer registries (PBCR) of India (Ban-
galore, Bhopal, Chennai, Delhi, and Mumbai, shown in Figure 1,
which cover 3.7% of the population of India and equate to 36 mil-
lion person years) and eight regional registries in England (which
cover the entire population and equate to 28 million person years)
[6,7]. All primary neoplasms of malignant behavior, except non-
melanoma skin cancer, registered for individuals 15-29 years of
age were included. Cancer registration in India is active and data
are collected from relevant hospital departments, pathology labora-
tories, and death certificates from the municipal corporation units.

© 2010 Wiley-Liss, Inc.
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Reliability of data and quality of registration are constantly mon-
itored by re-abstraction and coding on a random sample of cases.
Checks related to duplicate verification and matching with mortality
records are also carried out by the individual registries. After this,
data are sent to the Coordinating Unit at Bangalore where various
range, consistency, and unlikely combination checks are carried out
[6]. Completeness of population coverage by the registries does vary
and has been estimated to be 72% in Bangalore, 100% in Chennai,
and 78% in Mumbai [8].

Cancer registration in England is carried out by a network of eight
population-based regional registries. Registration is coordinated by
the Office for National Statistics in London, which maintains the
national cancer registry covering all age groups. There is a high
degree of case ascertainment and reviews have shown that registry
records are largely complete, accurate, and reliable [9]. National
population estimates by single year of age, gender, and calendar year
are supplied by the Population Estimates Unit, Office for National
Statistics. Annual mid-year estimates of population in England,
based on census data together with information on births, deaths,
and migration are very accurate on a national basis [9].

As available data in India were coded by site and not morphology,
tumors in both countries were categorized based on International
Classification of Diseases site codes [7]. Incidence rates were
expressed per 100,000 person years and where appropriate, rates
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Fig. 1. Location of urban population-based cancer registries in India.

were adjusted to the world standard population using direct methods.
P-values for variability in cancer-specific incidence rates by country
for both males and females were calculated. R and Microsoft Excel
were used for analyzing the data and producing tables and graphs.

RESULTS

During the period 20012003, 4,864 of the 84,450 overall can-
cer cases (5.8%) registered in the five urban cancer registries in
India occurred in those aged 15-29 years (TYA). Two thousand five
hundred fifty-nine were male (52.6%) and 2305 were female and
the overall age-standardized incidence rates were 12.91 and 14.19
per 100,000 person years, respectively. Correspondingly, 8,137 of
the 656,752 cases (1.2%) registered in England occurred in TYA.
There were 3,992 males (49.1%) and 4,145 females and the overall
age-standardized incidence rates were 27.75 and 28.88 per 100,000
person years, respectively. Further analysis by 5-year age groups
showed that incidence rates in both sexes in both countries increased
with age with the incline of slope steeper in females (Fig. 2). The
result was that while for ages 15-19 years the incidence was higher
inmales, this pattern reversed and the incidence for those aged 25-29
years was higher in females.

Age-adjusted cancer incidence rates for all major sites and
selected sub-sites are shown in Tables I and II. The three most com-
mon cancers in India in TYA males were leukemia, lymphoma, and
central nervous system (CNS) tumors and in females cancers of the
female genital organs, breast, and leukemia. In contrast, the three
most common cancers in England in TYA males were those of the
male genital organs, lymphoma, and leukemia and in females were
cancers of the female genital organs, lymphoma, and melanoma. The
incidence of melanoma in males in England was 61 times higher than
the incidence in India and in females was 188 times higher. Sim-
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Fig. 2. Age- and sex-specific cancer incidence rates in those aged
15-29 years in England and India, 2001-2003.

ilarly, the incidence of testicular cancer was 14 times higher and
of cancer of the cervix uteri 6 times higher in England. Cancer at
all sites generally, had a significantly higher incidence in England.
Notable exceptions to this pattern were cancer of the mouth (in
males), stomach (in females), gall bladder (in males and females)
and bone (in males) which had higher rates in India.

DISCUSSION

In this paper, we have contrasted the incidence of cancers in
India and England in TYA. Our analysis shows that the incidence of
cancer at these ages in England is around double that in India and
the gap between the reported incidence rates in the two countries
appears to increase with age. Similar patterns are observed when
we contrast the incidence rates from India to published data from
USA and other European countries [2—4]. The observed difference
in incidence may be real but when interpreting these observations,
one needs to consider a number of factors including under ascer-
tainment of cases and gender bias in seeking health care which
may influence reported incidence rates in India [8,10]. In addition,
while data from England are national with high levels of ascertain-
ment and completeness [9], the data from the Indian registries cover
only 3.7% of the total Indian population. However, these registries
are distributed across India and cover 42 million persons, 12.5%
of the urban population. In this latter respect the population cov-
ered is more comparable to the English population since England
is a densely populated industrialized nation. In terms of ethnic and
religious sub-groups the populations covered can be considered as
representative of India as a whole [6]. It is noteworthy that cancer
in TYA as a proportion of cancer at all ages is five times higher
in India than England despite the actual incidence being lower in
India. This possibly reflects the higher percentage of young people
in the population pyramid (31% of the population in India are TYA
compared to only 19% in England).

Certain epithelial cancers which typically occur in older adults
(lung, colorectal, breast, and ovarian cancer) have a higher incidence
in the developed world which is well-recognized. This is explained
by the prevalence of tobacco smoking and other western lifestyle-
related exposures (high-caloric diet, low physical activity), together
with differences in reproductive history (early menarche, late or no
pregnancy) [11,12]. Our analysis shows that the incidence of lung,
breast, colorectal, and ovarian cancer in TYA is higher in England
than in India. TYA with these cancers will not have had the decades
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TABLE 1. Site-Specific Cancer Incidence Rates (Expressed Per 100,000 Person Years) and Male to Female Incidence Ratio in Those Aged

15-29 Years in England and India, 2001-2003

India England
Number Incidence Male:female Number Incidence Male:female
All sites 4,864 13.51 0.9 8,137 28.33 1.0
Lip, oral cavity, pharynx 309 0.85 1.7 146 0.51 1.0
Tongue 51 0.14 2.0 37 0.13 1.1
Mouth 74 0.20 1.9 23 0.08 0.7
Salivary gland 71 0.20 1.1 41 0.14 0.8
Nasopharynx 58 0.17 2.6 38 0.14 1.7
Other 55 0.15 1.5 7 0.02 1.3
Digestive organs 490 1.33 1.0 352 1.22 1.0
Stomach 78 0.21 0.9 36 0.12 1.4
Colorectum 225 0.61 1.0 224 0.78 1.0
Liver 54 0.15 1.8 44 0.16 0.9
Gall bladder 44 0.12 0.7 6 0.02 3.0
Other 89 0.24 0.8 42 0.16 0.9
Respiratory and intrathoracic Organs 107 0.29 1.7 117 0.41 1.3
Lung 51 0.14 2.0 70 0.24 0.8
Other 56 0.15 1.5 47 0.16 2.3
Bone and articular cartilage 382 1.10 1.7 245 0.89 1.5
Melanoma 11 0.03 2.0 1003 3.44 0.5
Mesothelial and soft tissue 225 0.63 1.3 229 0.81 1.2
Mesothelioma 2 0.01 2 0.01
Kaposi’s sarcoma 0 0.00 21 0.07 1.3
Connective and soft tissue 223 0.62 1.3 206 0.73 1.1
Breast 347 0.02 0.0 398 1.34 0.0
Female genital organs 422 2.59 991 6.81 0.0
Cervix uteri 108 0.64 0.0 604 4.09 0.0
Ovary 257 1.60 0.0 328 2.32 0.0
Other 57 0.34 0.0 59 0.40 0.0
Male genital organs 142 0.70 1271 8.74
Testis 126 0.63 1262 8.67
Other 16 0.08 9 0.07
Urinary tract 76 0.21 1.0 93 0.32 1.3
Eye 15 0.04 3.0 28 0.10 1.4
Central nervous system 491 1.53 1.3 562 1.98 1.3
Thyroid and other endocrine 292 0.80 0.2 403 1.39 0.3
Thyroid 279 0.76 0.2 391 1.35 0.3
Other 13 0.04 0.8 12 0.04 0.3
Lymphoma 633 1.77 1.8 1562 5.52 1.3
Hodgkin’s lymphoma 255 0.72 1.7 982 3.48 1.2
Non-Hodgkin’s Lymphoma 378 1.05 1.9 580 2.03 1.6
Leukemia 777 2.19 1.6 585 2.09 1.4
Lymphoid leukemia 250 0.72 1.7 232 0.85 1.7
Myeloid leukemia 421 1.18 1.3 338 1.19 1.2
Other 106 0.29 2.7 15 0.05 2.7
Other and unspecified 145 0.41 1.0 152 0.53 1.7

of tobacco, diet, reproductive, and other lifestyle exposures expe-
rienced by older adults. Genetic susceptibility may play a greater
role in this age range [13]. In Britain, a relatively high proportion of
predisposing mutations in BRCA1, BRCA2, and TP53 have been
found in a series of breast cancer patients diagnosed at age 30 years
or under [14], and of mismatch repair genes MSH2 and MLHI1 in
colorectal cancer patients aged less than 30 years [15]. The relative
frequency of these high-penetrance mutations reported in Indian
patients with these cancers is similar [16,17].

Although variation in low-penetrance cancer susceptibility genes
could also play a role and needs to be explored in future studies,
our observations imply that the differences seen in the incidence
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of these cancers in TYA in India and England are more likely to
be the result of differences in lifestyle-related factors. This is sup-
ported by studies of cancer incidence among populations of South
Asian extract in England. Less than 4% of the UK population is of
Asian extraction (1.8% Indian, 1.3% Pakistani, 0.5% Bangladeshi,
and 0.4% other Asian). Analyses of cancer incidence among South
Asians resident in England have shown that whereas overall rates for
all cancers among all ages combined were lower in South Asians
than non-South Asians these rates were higher than in the Indian
sub-continents [18]. Furthermore, English South Asian rates for 0-
to 29-year olds were similar or higher than non-South Asian rates
[19]. A more recent study analyzed cancer incidence trends in the
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TABLE II. Site- and Sex-Specific Cancer Incidence Rates (Expressed Per 100,000 Person Years) in Those Aged 15-29 Years in England

and India, 2001-2003

Male Female
India England P-value India England P-value
All sites 1291 27.75 <0.0001 14.19 28.88 <0.0001
Lip, oral cavity, pharynx 1.04 0.52 <0.0001 0.62 0.50 0.15
Tongue 0.18 0.13 0.22 0.09 0.12 0.28
Mouth 0.26 0.06 <0.0001 0.14 0.09 0.27
Salivary gland 0.20 0.12 0.1 0.19 0.16 0.54
Nasopharynx 0.23 0.17 0.28 0.09 0.10 0.73
Other 0.18 0.03 <0.0001 0.12 0.02 0.0002
Digestive organs 1.31 1.22 0.45 1.34 1.22 0.25
Stomach 0.20 0.14 0.19 0.22 0.10 0.01
Colorectum 0.61 0.77 0.07 0.61 0.79 0.07
Liver 0.18 0.15 0.44 0.10 0.16 0.22
Gall bladder 0.10 0.03 0.005 0.14 0.01 <0.0001
Other 0.21 0.16 0.07 0.28 0.17 0.06
Respiratory and intrathoracic organs 0.36 0.46 0.25 0.21 0.36 0.02
Lung 0.18 0.21 0.45 0.09 0.27 0.0001
Other 0.18 0.25 0.21 0.12 0.11 0.31
Bone and articular cartilage 1.35 1.07 0.02 0.78 0.70 0.44
Melanoma 0.04 222 <0.0001 0.02 4.67 <0.0001
Mesothelial and soft tissue 0.71 0.87 0.09 0.53 0.75 0.02
Mesothelioma 0.01 0.01 0.75 0.00 0.00 —
Kaposi’s sarcoma 0.00 0.08 <0.0001 0.00 0.06 0.0002
Connective and soft tissue 0.70 0.77 0.43 0.53 0.69 0.09
Breast 0.03 0.02 0.62 2.04 2.66 0.0003
Female genital organs 2.59 6.81 <0.0001
Cervix uteri 0.64 4.09 <0.0001
Ovary 1.60 2.32 <0.0001
Other 0.34 0.40 0.37
Male genital organs 0.70 8.74 <0.0001
Testis 0.63 8.67 <0.0001
Other 0.08 0.07 0.54
Urinary tract 0.20 0.35 0.01 0.21 0.28 0.21
Eye 0.06 0.11 0.07 0.02 0.08 0.02
Central nervous system 1.53 2.25 <0.0001 1.17 1.71 <0.0001
Thyroid and other endocrine 0.33 0.63 <0.0001 1.38 2.17 <0.0001
Thyroid 0.29 0.61 <0.0001 1.34 2.11 <0.0001
Other 0.03 0.02 0.72 0.04 0.06 0.45
Lymphoma 222 6.21 <0.0001 1.21 4.81 <0.0001
Hodgkin’s lymphoma 0.89 3.72 <0.0001 0.51 3.23 <0.0001
Non-Hodgkin’s lymphoma 1.33 2.49 <0.0001 0.69 1.58 <0.0001
Leukemia 2.62 242 0.22 1.65 1.76 0.44
Lymphoid leukemia 0.88 1.06 0.12 0.52 0.62 0.19
Myeloid leukemia 1.33 1.28 0.72 0.99 1.11 0.29
Other 0.41 0.08 <0.0001 0.15 0.03 0.0002
Other and unspecified 0.40 0.66 0.001 0.41 0.40 0.93

city of Leicester, in the East Midlands region of England, where 22%
of residents are of South Asian extract [20]. Overall cancer rates
were lower in South Asians than in non-South Asians but younger
South Asians were at somewhat increased risk compared with non-
South Asians. Furthermore, across all ages incidence increased over
time in South Asians but decreased in non-South Asians. This was
accounted for by increases in lung and prostate cancer in men and
colorectal and breast cancer in women. The pattern of cancers in
South Asians was therefore becoming more like that in non-South
Asians. These changes are consistent with the adoption of Western
life-style among the South Asian community in England.
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Differences in lifestyle can also explain the variation seen in the
incidence of oral cancer in TYA in India and England. Chewing
tobacco is a major causative factor responsible for Indians having
among the highest rates of oral cancer in the world [11]. Tobacco
consumption (predominantly in the oral form) begins in childhood
in India and is more prevalent in males [21]. It is mistakenly believed
to be good for the teeth and indeed to have medicinal properties [21].
Despite legislation prohibiting the use of tobacco as an ingredient
in dental products, the practice continues [22].

In contrast to the above cancers, where the incidence is either
higher in both younger and older adults in England (colorectal,



lung, breast, and ovarian cancer) or in younger and older adults
in India (oral cancer), the incidence of cervical cancer is higher in
TYA females in England (Table I), while it is much higher in older
females in India [11]. This paradox probably reflects differences
in sexual behavior and screening practices in the two countries.
Since the introduction of national cervical screening programme in
England the overall incidence of cervical cancer has halved [23].
The incidence is much higher in developing countries like India
where no national screening programmes exist. As cervical screen-
ing in England starts at 25 years of age, there may be an artefactual
higher incidence of cervical cancers in those aged 25-29 years of
age compared with India, where cancers are only diagnosed when
symptomatic. Although cervical cancer screening in India is not
national policy and no organized screening programmes exist, trials
of simple, and inexpensive screening methodologies have been con-
ducted to assess their suitability and effectiveness in a low-resource
setting. Two such trials were carried out in Kerala, in Southern India,
and Osmanabad in Central India, respectively [24,25]. These trial
areas do not overlap with those covered by the five urban cancer
registries and will therefore have had no impact on cervical cancer
incidence rates presented here. A third trial was conducted in Mum-
bai but included only women aged 35-64 years [26]. The interim
results of these trials are promising and it is to be hoped that future
introduction of more widespread screening programmes will have
an impact on incidence and mortality.

The other cancers with significantly higher incidence in TYA in
India are stomach cancer (females only) and gall bladder cancer.
The higher incidence of stomach cancer in TYA females in India is
unexpected. Despite a high prevalence of helicobacter pylori infec-
tion, reported stomach cancer rates in India are among the lowest
in the world [27]. Within India, the overall incidence of gastric can-
cer is reported to be four times higher in Southern India compared
with Northern India [28]. In our analysis, stomach cancer incidence
in TYA in Bangalore (0.36 per 100,000 person years) and Chennai
(0.32 per 100,000 person years) is twice that of other parts of India
(Bhopal 0.15, Delhi 0.18, and Mumbai 0.13 per 100,000 person
years). Higher intake of spicy food in Southern India is hypothesized
to be associated [29,30], although there have been no epidemiolog-
ical studies to verify this. Gall bladder cancer rates in North and
Central India are among the highest in the world and long-standing
cholelithiasis is a reported major risk factor [31]. Compared to Eng-
land, gall stone disease in India starts at a younger age, has a higher
prevalence and patients have a much longer median duration of
symptoms at presentation [31].

Several non-epithelial cancers (melanoma, Hodgkin lymphoma,
and CNS tumors) have higher incidence in England in TYA, and
while in some cases a biological/behavioral explanation exists or is
plausible, for others there is no clear explanation at present. The inci-
dence of melanoma worldwide is related to sun exposure, although
this association is complex. Chronic, continuous sun exposure seen
in tropical countries like India is inversely associated with risk of
melanoma [32] and increased melanin in dark-skinned individuals
acts as a natural sun-protection factor [33]. On the other hand, inter-
mittent sun exposure, which is seen at higher latitudes like England,
and where frequency of fair-skinned people is greater, is positively
associated with the risk of melanoma. In addition, sharp increases in
the incidence of melanoma have been seen in TYA in England [34]
which may be attributed to changing behaviors (increased travel and
sunbathing, and use of sunbeds) which are more prevalent in young
people [35-37].

Pediatr Blood Cancer DOI 10.1002/pbc

India England TYA Cancer Incidence 5

Hodgkin lymphoma has a classical bimodal age distribution in
developed countries [38]. The first incidence peak of Hodgkin lym-
phoma (mainly nodular sclerosis type) is seen in TYA and then
again in the 8th decade of life. In contrast, in the developing world
the first peak of Hodgkin lymphoma, mainly mixed cellularity type
associated with Epstein—Barr virus, is more common in childhood.
Delayed exposure to childhood infections and maturation of cell
immunity as a result of less overcrowding in the developed world
are the proposed explanations behind these observations [39].

An increase in the incidence of CNS tumors seen mainly in
young people and the elderly has been observed all over the West-
ern world in the 1970s-1990s. Much of the increase in incidence in
the USA has been attributed to advances in neuroimaging, neuro-
surgery, and neuropathology, and to changes in registration practice
[40-42]. Availability and use of similar resources are likely to be
less widespread in India due to the cost and expertise needed and this
may account for lower CNS cancer incidence rates. Additional evi-
dence comes from the observation that the incidence of CNS tumors
in England among children, TYA and older adults of South Asian
and non-South Asian origin is not significantly different [18,19].

In conclusion, the incidence of cancer in TYA in England is gen-
erally higher at most sites compared with India. Notable exceptions
to this pattern are cancer of the mouth, stomach, and gall bladder.
Variation in environmental exposures between the two countries
might explain the majority of the observations. Under ascertainment
of cases and gender bias in seeking health care might also influence
reported incidence rates in India. These patterns help us to iden-
tify cancers with a known etiology which are potentially avoidable.
Societal initiatives including education and legislation leading to
modification of behavior at the individual level should be able to
help reduce the incidence of cancers of the oral cavity in India and
cervical carcinoma and melanoma in England in TYA.
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Around 25% of all tumors in those 0-14 years of age and
9% in those 15-24 years of age involve the CNS. They
are the most common cause of cancer-related deaths in
both age groups. In adults 25-84 years of age, the pro-
portion of CNS tumors is 2%; 5-year overall survival is
10%-15%j; and survivors have considerable morbidity.
Comprehensive up-to-date population-based incidence
data on these tumors are lacking. We present incidence
rates for primary CNS tumors based on data derived from
the high-quality national cancer registration system in
England. A total of 54,336 CNS tumors of malignant,
benign, and uncertain behavior were registered across
the whole of England from 1995 through 2003. The
age-standardized rates for all ages (0-84 years) was 9.21
per 100,000 person-years. This is higher than previously
reported for England because it includes nonmalignant
CNS tumors and hence gives a more accurate picture of
burden of disease. The age-standardized rates for those
0-14 years of age, 15-24 years of age, and 25-84 years of
age were 3.56, 3.26, and 14.57 per 100,000 person-years,
respectively. In this article, we describe the changing
patterns in the epidemiology of primary CNS tumors in
these three age groups with respect to sex, tumor behav-
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ior, and histology using the current WHO classification.
This information will provide a reference for future stud-
ies nationally and internationally and make comparisons
relevant and meaningful. Neuro-Oncology 11, 403-413,
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overall, 1.5%-1.9% of all cancers registered in

England are tumors of the CNS, including brain
and spinal cord tumors.! Although CNS tumors are pre-
dominantly a disease of old age, the proportion of CNS
tumors among all cancers falls significantly with increas-
ing age. CNS tumors represent 24.5% of all tumors in
those 0—14 years of age? and 8.9% in those 15-24 years
of age.? Their importance as a health problem in young
people is further highlighted by the fact that CNS tumors
are the most common cause of cancer-related deaths in
both the 0- to 14-year age group? and the 15- to 24-year
age group.* Even histologically benign tumors can be
life-threatening because of their space-occupying effects
within the cranium, local infiltration, and for some, a
tendency to undergo malignant transformation over
time.® There is also significant morbidity both from the
disease and from the treatment required, with varying
degrees of physical, cognitive, neurological, endocrino-

Previous data from regional registries show that,

Copyright 2009 by the Society for Neuro-Oncology
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logical, and other deficits in survivors resulting in sig-
nificant handicap and diminished quality of life.®

Establishing accurate incidence rates for these tumors
is a challenge not only because they are a very hetero-
geneous group with more than 100 distinct pathologi-
cal entities, but also because of variations in registration
practice, changes in classification, and improvements
in neurodiagnostic techniques over time. Previously, in
Britain, studies by morphological type have been based
on regional registry data only or cases ascertained from
hospitals.” There have been no national studies describing
the epidemiology of CNS tumors in detail in adolescents
and adults. Studies from Norway® and Japan® analyzed
national data sets across all ages, but the diagnostic clas-
sifications used were historical and differed (1979 and
1993 WHO CNS tumor classification'®!'! in the study
from Norway and the 1945 International Union against
Cancer classification!? in the study from Japan), which
does not permit easy comparison. Similarly, the Auto-
mated Childhood Cancer Information System (ACCIS)
has reported Europe-wide CNS tumor incidence data in
children and has used the International Classification of
Childhood Cancer (ICCC),'? which is morphology based
but is not suited to older ages. The Central Brain Tumor
Registry of the United States (CBTRUS) has published
incidence rates from 1998-2002'* based on the 2000
WHO CNS tumor classification,! but these are from
18 state cancer registries and cover only 32% of the U.S.
population. There is also huge variability in the report-
ing of tumors among U.S. states, with the percentage
of nonmalignant tumors varying from 27% to 60% of
overall CNS tumors. Also, because data are collected
from each registry without a unique identifier, there is
the possibility of duplicate registration.

Cancer registration is conducted by eight regional
cancer registries in England, and the essential features
of the system of registration have remained unchanged
for more than 30 years.!'® England has a high degree of
case ascertainment, and reviews have shown that regis-
try records are largely complete, accurate, and reliable.'®
Notification of cancer registrations to the National
Health Service Information Centre allows complete-
ness of registration and eliminates duplication. Data on
CNS tumors obtained from these registries have been
grouped using the current WHO! classification. We
present here incidence rates of CNS tumors for ages
0-14 years, 15-24 years, and 25-84 years for the whole
of England during the period 1995-2003. We describe
the differences in the site and pathology distributions
of CNS tumors in these age ranges. This will allow us
to better understand the changes with age in this large,
heterogeneous collection of tumors. Use of the current
WHO classification will make comparisons across geo-
graphical areas as well as over time more meaningful in
the future.
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Materials and Methods

Source of Data

Cancer registration in England is carried out by a net-
work of eight population-based regional registries.
Registration is coordinated by the Office for National
Statistics in London, which maintains the national
cancer registry covering all age groups. Anonymized
individual-level national cancer registration data were
obtained from the Office for National Statistics for all
CNS tumors (tumor at any of the following sites: brain,
meninges, spinal cord, cranial nerves, other parts of the
CNS, pituitary, and pineal glands) of malignant, benign,
and uncertain behavior newly diagnosed between 1995
and 2003. Information was available on the year of diag-
nosis, age at diagnosis, sex of patient, primary site code,
morphology code, and behavior code. Individual-level
data on ethnicity was not available. National population
estimates by single year of age, gender, and calendar year
were supplied by the Population Estimates Unit, Office
for National Statistics.

Classification

The data obtained were classified into diagnostic groups
to match the WHO 2000 classification on the basis of
International Classification of Diseases for Oncology
(ICD-O) M and T codes.'* Modifications had to be
made to make the classification more comprehensive
by including pituitary tumors, not otherwise specified
(NOS), and unspecified CNS tumors. This is consistent
with the modified version of the new WHO 2000 clas-
sification used by CBTRUS.'* We excluded metastatic
tumors and tumors that were of uncertain primary/
metastatic status. Also excluded were CNS lymphomas,
hemopoietic neoplasms, mesenchymal nonmeningothe-
lial tumors, and olfactory tumors. The final version of
our classification is given in appendix A, where any
departure from the current WHO classification are in
bold and italicized.

Statistical Methods

Age- and sex-specific incidence rates were calculated and
expressed per 100,000 person-years. Histology and site-
specific incidence rates were also calculated for three dif-
ferent age groups: 0—14 years, 15-24 years, and 25-84
years. Those older than 85 years of age were excluded
because of possible underascertainment and lower speci-
ficity in diagnosis. All rates were adjusted to the world
standard population' using direct methods, except where
specifically stated. SPSS version 15.0 (SPSS Science, Inc.,
Chicago, IL, USA) and Excel version 2003 (Microsoft
Corp., Redmond, WA, USA) were used to analyze the
data and produce tables and graphs.



Results

Overall Incidence

During the period 1995-2003, 54,336 primary CNS
tumors of malignant, benign, and uncertain behav-
ior located in the brain, meninges, spinal cord, cra-
nial nerves, other parts of the CNS, and pituitary and
pineal glands were registered in England in persons
0-84 years of age, which gives an annual average of
just more than 6,000 new cases. The population cov-
ered was all individuals between 0 and 84 years of age
in England from 1995 through 2003, which equates to
432 million person-years. There were 28,069 male cases
(51.7%) and 26,267 female. The overall incidence rate
was 9.21 per 100,000 person-years, and the male and
female incidence rates were 9.96 and 8.52 per 100,000
person-years, respectively, giving a male-to-female ratio
of 1.17:1.

Age-Specific Incidence

The age-specific incidence rates for primary CNS
tumors are shown in Fig. 1. Peak incidence was seen in
the 75- to 79-year age group for males and females. The
number of 0- to 14-year-olds with primary CNS tumors
was 2,959, with an annual average of approximately 330
new cases and an incidence rate of 3.56 per 100,000
person-years. The male and female incidence rates for
the 0- to 14-year age group were 3.72 and 3.39 per
100,000 person-years, respectively. There were 1,764
cases among persons 15-24 years of age, with an annual
average just below 200 new cases and an incidence rate
of 3.26 per 100,000 person-years. The male and female
incidence rates for the 15- to 24-year age group were
3.47 and 3.04 per 100,000 person-years, respectively.
There were 49,612 cases, with an annual average of
about 5,500 new cases, in the 25- to 84-year age group;
the incidence rate was 14.57 per 100,000 person-years,
and the male and female incidence rates for the same age
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Fig. 1. Age- and sex-specific incidence rates of primary CNS tumors:
England, 1995-2003.
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group were 15.86 and 13.40 per 100,000 person-years,
respectively.

Distribution by Tumor Bebavior

Most primary CNS tumors in the 0- to 84-year age
group were malignant (60%), and the overall incidence
rate for malignant tumors for all ages was 5.64 per
100,000 person-years. The incidence rates for tumors of
benign and uncertain behavior were 2.78 and 0.79 per
100,000 person-years, respectively. Tumors of malignant
behavior decreased in proportion with increasing age,
while tumors of benign behavior increased in proportion
(Fig. 2). Within the malignant group, the astrocytomas
in those 014 years of age were mainly low grade (WHO
grade I and IT), and those in the 25- to 84-year age group
were high grade (WHO grade Il and IV), while in those
15-24 years of age there was an equal proportion of
low- and high-grade astrocytomas.

Distribution by Site

The distribution of tumors by primary site within the
CNS for age groups 0—14 years, 15-24 years, and 25-84
years is shown in Fig. 3. Tumors located in infratento-
rial brain decreased in proportion with increasing age,
while tumors located in supratentorial brain and menin-
ges increased in proportion. Tumors of the pituitary and
pineal glands and of the craniopharyngeal duct were
relatively higher in proportion in the 15- to 24-year age
group than at other ages.

Distribution by Histology

The distribution of tumors by main histology groups
within the CNS for age groups 0-14 years, 15-24 years,
and 25-84 years is shown in Fig. 4. Tumors of neuro-
epithelial tissue decreased in proportion with increasing
age, while meningeal and unspecified tumors increased
in proportion.
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Fig. 2. Distribution of primary CNS tumors by behavior (low-grade
astrocytoma, WHO grade | and II; high-grade astrocytoma, WHO
grade Il and 1V): England, 1995-2003.

NEURO-ONCOLOGY - AUGUST 2009 405



Arora et al.: CNS tumors descriptive epidemiology

Other 0-14 years

Pituitary and
craniopharyngeal duct

Supratentorial brain
20%

Spinal cord and
cauda equina
4%

/ Infratentorial brain

30%

Other brain
30%

B Other nervous
system
Pineal gland 9%
4%

15-24 years

Supratentorial brain
26%
Pituitary and
craniopharyngeal
duct
16%

Meninges
5%

Infratentorial brain
9%

Spinal cord and .
cauda equina o Other brain
4% 27%

Other nervous 25-84 years
Pineal gland system

0.3%

Pituitary and
craniopharyngeal
duct
10%

Supratentorial brain
33%

Meninges
18%

Infratentorial brain
2%
Spinal cord and .
cauda equina Other brain
2% 28%

Fig. 3. Distribution of primary CNS tumors by site: England, 1995-
2003.

The data on median age at diagnosis, incidence
rates, and male-to-female ratio are shown in Tables 1
and 2. There was an overall male preponderance, but
meningiomas showed a strong female preponderance
(p < 0.0001), and they were twice as common in adult
females compared with adult males. The most common
specified tumors registered in the 0- to 14-year age group
were pilocytic astrocytomas, medulloblastomas, and
ependymal tumors. Craniopharyngioma was the most
common nonneuroepithelial primary CNS tumor in
children. Tumors with their peak incidence rates in those
younger than 1 year of age were choroid plexus tumors,
gangliogliomas, supratentorial primitive neuroectoder-
mal tumors, and teratomas (data not shown). Tumors
with their peak incidence rates in those 1-14 years of age
were pilocytic astrocytomas, subependymal giant cell
astrocytomas, anaplastic ependymomas (some of them
may actually be ependymoblastomas, because they have
the same morphological code, 9,392/3'7), medulloblasto-
mas, and craniopharyngiomas. The most common spec-
ified tumors registered in the 15- to 24-year age group
were pituitary tumors, pilocytic astrocytomas, and nerve
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Fig. 4. Distribution of primary CNS tumors by main histology
groups: England, 1995-2003.

sheath tumors, while tumors with their peak incidence
rates in that age group were pleomorphic xanthoastro-
cytomas, neurocytomas, and germinomas. Overall, the
most common specified tumors registered in the 25- to
84-year age group were glioblastoma multiforme, men-
ingiomas (94.5% nonmalignant), and pituitary tumors.
Neuroepithelial tumors peaking in this age group were
specified diffuse astrocytomas (peak incidence rate at
50-54 years of age), anaplastic astrocytomas, glioblas-
toma multiforme (peak incidence rate at 65-69 years of
age), oligodendrogliomas (peak incidence rate at 50-54
years of age), anaplastic oligodendrogliomas (peak inci-
dence rate at 55-59 years of age), mixed gliomas (peak
incidence rate at 50-54 years of age), myxopapillary
ependymomas, and subependymomas. Nonneuroepi-
thelial tumors peaking in this age group included nerve
sheath tumors (peak incidence rate at 60-64 years of
age), meningiomas (peak incidence rate at 80-84 years
of age), pituitary tumors (peak incidence rate at 65-69
years of age), and hemangioblastomas.
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Table 1. Median age at diagnosis (years), incidence rates (age-standardized rate [ASR] in 100,000 person-years), and percentage of all

CNS tumors by histology and sex: England, 1995-2003

Total Male Female

Histology No.  Median Age ASR Percent  ASR Percent ASR?*  Percent
Tumors of neuroepithelial tissue 28,814 57 5.24 53.0 6.26 59.8 429" 45.7
Astrocytic tumors 19,139 58 3.42 35.2 4.14 40.6 274" 29.5
Specified diffuse astrocytoma 399 41 0.08 0.7 0.10 0.9 0.07"" 0.6
Anaplastic astrocytoma 970 50 0.18 1.8 0.21 2.0 0.16" 1.6
Glioblastoma 11,829 62 1.89 21.8 2.40 25.8 1.417 17.5
Pilocytic astrocytoma 915 10 0.31 1.7 0.31 1.6 0.32 1.7
Other specified astrocytoma variants 65 15 0.02 0.1 0.02 0.1 0.02 0.1
Astrocytoma not otherwise specified 4,961 52 0.94 9.1 1.1 10.3 0.78" 7.9
Oligodendroglial tumors 6,632 64 1.03 12.2 1.22 131 0.86" 11.2
Oligodendroglioma 1,103 46 0.21 2.0 0.24 2.2 0.18" 1.8
Anaplastic oligodendroglioma 395 52 0.07 0.7 0.09 0.8 0.06™ 0.6
Glioma not otherwise specified 5,134 68 0.75 9.4 0.89 10.1 0.63" 8.8
Mixed gliomas 425 46 0.08 0.8 0.09 0.8 0.08 0.8
Ependymal tumors 1,070 40 0.25 2.0 0.29 2.2 021" 1.7
Choroid plexus tumors 100 9 0.03 0.2 0.03 0.2 0.03 0.2
Glial tumors of uncertain origin 53 42 0.01 0.1 0.01 0.1 0.01 0.1
Neuronal and mixed neuronal-glial tumors 344 27 0.09 0.6 0.10 0.7 0.08* 0.6
Pineal parenchymal tumors 208 40 0.05 0.4 0.05 0.4 0.04 0.4
Embryonal tumors 843 10 0.28 1.6 0.33 1.8 0.23 1.3
Medulloblastoma 583 9 0.20 1.1 0.24 1.3 0.15" 0.8
Supratentorial primitive neuroectodermal tumors 259 14 0.08 0.5 0.08 0.5 0.08" 0.5
Other embryonal tumors 1 2 <0.01 <0.1 0.00 0.0 <0.01 <0.1
Tumors of cranial and spinal nerves 3,716 53 0.66 6.8 0.67 6.5 0.66 7.2
Nerve sheath tumors 3,716 53 0.66 6.8 0.67 6.5 0.66 7.2
Tumors of the meninges 9,134 62 1.38 16.8 0.96 10.7 1.78™ 23.4
Meningioma 8,619 63 1.28 15.9 0.84 9.6 1.69™ 225
Primary melanocytic lesions 12 51 <0.01 <0.1 <0.01 <0.1 <0.01 <0.1
Hemangioblastoma 503 46 0.10 0.9 0.11 1.0 0.08" 0.8
Germ cell tumors 203 17 0.06 0.4 0.09 05 0.03" 0.2
Tumors of the sellar region 5,310 54 0.94 9.8 0.98 2.9 091" 9.7
Craniopharyngioma 515 41 0.12 0.9 0.12 1.0 0.1 0.9
Pituitary tumors 4,795 55 0.82 8.8 0.86 8.9 0.80™" 8.7
Miscellaneous tumors 117 55 0.02 0.2 0.02 0.2 0.02 0.2
Blood and lymphatic vessel tumors 69 51 0.01 0.1 0.01 0.1 0.01 0.1
Chordoma 48 61 0.01 0.1 0.01 0.1 0.01 0.1
Unspecified tumors 7,042 72 0.90 13.0 0.99 12.4 0.82" 13.6
Total 54,336 59 9.21 100.0 9.96 100.0 8.52""  100.0

ap-Values for variability in incidence by sex: *p < 0.05, **p < 0.0001

Discussion

We believe that this large, comprehensive, and up-to-
date analysis of incidence data accurately reflects the
incidence of primary CNS tumors in England. A total of
54,336 CNS tumors of benign, uncertain, and definite
malignant behavior were registered across the whole of
England from 1995 through 2003. The incidence rate
for all ages (0—84 years) was 9.21 per 100,000 person-
years.

Traditionally, the epidemiology of CNS tumors has
been characterized for children and adults of all ages
separately in recognition of the differences in pathology
and etiology. It is now recognized that the epidemiol-
ogy of tumors in adolescents is quite distinct from that
of older adults,**'8 and hitherto, the incidence of CNS
tumors by morphological type has not been described
in this age group. The age structure of a population can
affect the crude incidence rates. Adjusting to world stan-
dard population (as has been done here) allows compari-
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Table 2. Average annual number of cases (AAN), incidence rates standardized for world population (age-standardized rate [ASR], in
100,000 person-years), and male to female ratio (M:F) for each histology group for age groups 0-14 years, 15-24 years, and 25-84 years:

England, 1995-2003

0-14 Years 15-24 Years 25-84 Years
Histology AAN ASR M:F AAN ASR M:F AAN ASR M:F
Tumors of neuroepithelial tissue 276 3.01 1.10 116 194 132 2,809 7.68 1.57
Astrocytic tumors 132 1.42 0.93 64 1.07 137 1,930 540 1.64
Specified diffuse astrocytoma 4 0.04 1.76 4 006 098 37 012 1.61
Anaplastic astrocytoma 5 0.05 1.10 5 008 121 98 029 138
Glioblastoma 11 0.12 0.65 12 020 1.46 1291 351 175
Pilocytic astrocytoma 69 0.75 0.85 16 027 175 17 0.06 1.08
Other specified astrocytoma variants 4 0.03 2.12 2 003 0.79 2 001 040
Astrocytoma not otherwise specified 40 0.42 1.06 26 043 130 485 142 151
Oligodendroglial tumors 38 0.41 1.07 16 026 157 683 1.66 1.46
Oligodendroglioma 2 0.02 3.21 5 009 1.64 115 036 1.30
Anaplastic oligodendroglioma 0.01 1.04 1 002 132 41 013 1.59
Glioma not otherwise specified 35 0.38 1.02 9 015 157 527 117 1.51
Mixed gliomas 2 0.02 0.48 2 004 1.07 43 014 113
Ependymal tumors 23 0.26 1.34 10 0.16 1.03 86 027 1.48
Choroid plexus tumors 6 0.08 1.29 1 001 070 4 001 0.63
Glial tumors of uncertain origin 1 0.01 2.49 1 002 064 4 0.01 0098
Neuronal and mixed neuronal-glial tumors 9 0.10 1.13 8 014 135 21 0.07 1.28
Pineal parenchymal tumors 5 0.06 1.26 3 005 1.80 15  0.04 1.07
Embryonal tumors 59 0.66 1.48 12 019 1.13 23  0.08 1.44
Medulloblastoma 44 0.49 1.73 7 011 1.04 14 0.05 1.70
Supratentorial primitive neuroectodermal tumors 15 0.17 0.99 5 0.08 1.27 9 003 1.11
Other embryonal tumors <1 <0.01 0.00 0 0.00 0 0.00
Tumors of cranial and spinal nerves
Nerve sheath tumors 5 0.05 0.64 15 025 1.06 393 1.17 1.03
Tumors of the meninges 5 0.05 0.94 13 022 078 996 256 0.53
Meningioma 4 0.04 1.19 9 0.15 0.80 944 240 0.49
Primary melanocytic lesions <1 0.01 1.09 <1 <0.01 0.00 1 <0.01 2.04
Hemangioblastoma 1 0.01 0.16 4 006 075 51 0.16 1.50
Germ cell tumors 9 0.09 2.15 7 013 841 6 002 186
Tumors of the sellar region 15 0.15 1.08 31 051 059 544 156 1.14
Craniopharyngioma 13 0.13 1.14 6 011 094 38 012 1.17
Pituitary tumors 3 0.02 0.84 24 040 052 506 145 1.14
Miscellaneous tumors 1 <0.01 0.17 1 001 261 12 0.03 1.06
Blood and lymphatic vessel tumors <1 <0.01 0.67 1 001 425 7 0.02 0.90
Chordoma <1 <0.01 0.00 <1 <0.01 1.01 5 001 1.45
Unspecified tumors 18 0.2 0.94 12 020 094 752 155 1.24
Total 329 3.56 1.10 196 326 1.14 5512 1457 1.18

son between registries in different countries because it
is independent of the effects of age. The major category
of CNS tumors excluded from this analysis is primary
CNS lymphoma, which is usually defined as extra-
nodal lymphoma confined to the CNS without evidence
of systematic disease.'> The reliability of this diagno-
sis depends on the comprehensiveness of staging, and
in several studies the diagnosis of primary CNS lym-
phoma has been revised to systemic non-Hodgkin’s lym-
phoma with possible secondary CNS disease on further
investigation.!?=22
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Previously published age-standardized incidence rates
of primary CNS tumors (based on ICD-O site and not
morphological type) in England are 6.5-7.7 per 100,000
person-years in males and 4.5-4.9 per 100,000 person-
years in females’?3 and are lower than incidence rates
from this study. These figures significantly underes-
timated the true burden of CNS tumors because they
included only malignant tumors located in the brain?3
or in the brain and spinal cord.! They excluded tumors
located in the pituitary gland, craniopharyngeal duct,
and pineal gland, as well as all nonmalignant tumors.



The reported incidence of CNS tumors in the United
States of 14.8 per 100,000 person-years'* is higher
than that given here, while that from Norway, 9.53 per
100,000 person-years,® is similar to ours. The reasons for
the higher incidence rate in the United States are three-
fold. First, U.S. age-adjusted rates are standardized to the
U.S. 2000 population where children younger than 15
years comprised 21.5%, and adults older than 70 years,
9.2% of the total age distribution.'* These contrast to
the world standard population where children younger
than 15 years comprise 31%, and adults older than 70
years, 4% of the total age distribution.! Standardizing
with a population that has relatively older individuals
will increase the overall incidence rates because CNS
tumors are far more common in these age groups. After
adjusting to the world standard population, the overall
incidence rate for the United States is 11.61 per 100,000
person-years. Second, there is considerable variation
in reporting of nonmalignant (benign and uncertain)
tumors in the United States, and the percentage varies
from 27% to 60% between different U.S. states.'* In our
data, 31% of CNS tumors were nonmalignant, and if
we consider U.S. states with similar percentages of non-
malignant tumors (Connecticut, 40% nonmalignant;
North Carolina, 38%), their incidence rates (Connecti-
cut, 13.61; North Carolina, 11.43) are well below the
overall figure of 14.8 per 100,000 person-years reported
by CBTRUS. Finally, we have excluded CNS lympho-
mas from our analysis, which account for 3% of the
incidence in the United States. Thus, one can conclude
that the incidence of CNS tumors in the United States is
actually not very different from that in the United King-
dom and Europe. These caveats also explain the higher
incidence of CNS tumors in females in the United States
compared to England and elsewhere,®2* which is caused
by increased registration of nonmalignant tumors, espe-
cially meningiomas (57%), which are more common in
females (74%).

The incidence rate of 3.56 per 100,000 person-years
seen in children in our study is similar to the incidence
rate of 3.3 per 100,000 person-years reported by ACCIS
for England and Wales for 1993-1996.%5 Correspond-
ing rates for the rest of Europe vary from 4.0 to 5.0 per
100,000 person-years for Iceland, Norway, Finland,
and Denmark and between 2.0 and 3.0 per 100,000
person-years for Germany and the Netherlands.?’ Data
on the incidence of primary CNS tumors for adolescents
is scanty. Our previous report showed that the overall
incidence rate for malignant CNS tumors in those 15-24
years of age registered in England from 1979 through
1997 is 1.65 per 100,000 person-years.® The U.S. Sur-
veillance, Epidemiology, and End Results (SEER) pro-
gram data, which also report only malignant tumors,
give an incidence rate of 2.26 per 100,000 person-years
for the 15- to 29-year age group.'® After accounting for
the slightly higher rates contributed by the 25- to 29-year
age group in those data, this is closer to our rate of 1.94
per 100,000 person-years for malignant CNS tumors in
those 15-24 years of age in a more recent time period.
Further comparisons by histological group are not pos-
sible because the SEER report uses the ICCC rather than
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WHO 2000 classification. The 2008 CBTRUS report,
which uses the WHO 2000 classification, is also unsuit-
able for comparison because the age groups are different
(0-19 years, 20-34 years, and so on).%*

With increasing age, not only does the proportion of
benign CNS tumors increase but there is also a shift in
the spectrum of malignant primary CNS tumors. Pilo-
cytic astrocytoma and embryonal tumors form the bulk
of malignant tumors in children. Pilocytic astrocytoma
is a WHO grade I astrocytoma, and although regarded
as a benign tumor by many,?” it is classified as malignant
in the ICD-O first and second editions?®!” (ICD-O1 and
ICD-02, respectively). However, in the recent ICD-O
third edition?® (ICD-03), pilocytic astrocytoma is clas-
sified as uncertain (morphological code 9421/1) rather
than malignant in behavior. Future analysis of epidemi-
ology of childhood CNS tumors may show an artificial
rise in the proportion of nonmalignant CNS tumors
because of this. Embryonal tumors are the second largest
group, with 74% medulloblastomas and 26% supraten-
torial primitive neuroectodermal tumors. Absent among
this group are ependymoblastomas (because they share
the same morphological code, 9392/3," with anaplastic
ependymomas and will have been included there) and
atypical teratoid/rhabdoid tumors, which have been rec-
ognized as a distinct entity only in ICD-03.%° Based on
a series of cases from single institutions, the incidence
of atypical teratoid/rhabdoid tumors is thought to be
around 1%-2% of pediatric CNS tumors and at least
10% of all CNS tumors in infants. With increasing use
of ICD-03, incidence data for this group of tumors
should be available in the future.?® The incidence of
medulloblastoma in childhood from this study is 0.49
per 100,000 person-years and is similar to that reported
elsewhere.!>3! But there is much more variability in the
proportion of supratentorial primitive neuroectodermal
tumors.!>32 McNeil et al.?? found that supratentorial
primitive neuroectodermal tumors, which had not been
described until the 1980s, accounted for up to one-third
of all embryonal CNS tumors from 1993 through 1998
in the SEER database. Also seen in infancy are benign
tumors of mixed cellular-lineage, such as desmoplastic
infantile astrocytoma/ganglioglioma and dysembryo-
plastic neuroepithelial tumors, which have been tradi-
tionally difficult to categorize and are now included in
neuronal and mixed neuronal-glial tumors.3° Because
these pathological entities have been defined only in
ICD-03, it is not possible to comment on their occur-
rence in our study.

In adolescents, not only is there a transition from the
typical childhood tumor pattern to a distribution more
typical of older adults, but there are certain features
unique to this age group. First, tumors from the sellar
region form a significant proportion (16%) and while
in those 0—14 years of age 87% of these tumors are cra-
niopharyngiomas, in those 15-24 years of age 78% are
pituitary tumors. Also, this age group has a female pre-
ponderance for pituitary tumors, which has been pre-
viously reported.3*3* This is due to prolactinomas and
clinically nonfunctioning pituitary adenomas, which
are more frequent in females.>’ The explanation for this
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gender-related difference is not clear, but the role of
estrogen in tumor promotion and a greater inclination
in females to seek medical attention for hypogonadal
symptoms has been suggested.?’ Second, germ cell
tumors peak in incidence in this age group, and germi-
nomas account for the majority of these. They have pre-
viously been noted to show a strong male preponderance
at the pineal site,?® and this is also seen in our study,
where germ cell tumors were eight times more common
in males than in females (p < 0.0001).

The data reported here on primary CNS tumors
in older adults, including specified diffuse astrocy-
tomas,'* anaplastic astrocytomas,'* glioblastoma mul-
tiforme,'*!* oligodendrogliomas,'?:3” anaplastic oligo-
dendrogliomas,'* mixed gliomas,'*3% certain ependymal
tumors'*'%3 (myxopapillary ependymomas' and sub-
ependymomas'*#%), nerve sheath tumors,'*!'5#1=43 men-
ingiomas,'*!'544 hemangioblastomas,'* and pituitary
tumors,'** are generally similar to data from other
studies. There are, however, a few obvious differences,
particularly compared with the data from CBTRUS,™
for reasons discussed above. A final point of note is that
astrocytomas NOS and gliomas NOS constituted 18.5%
of all primary CNS tumors in our series, and another
13% are of unspecified histology. This is because only
71%-73% of CNS tumors in all ages are microscopi-
cally verified.! The proportion of tumors with unspeci-
fied histology in our series increased with increasing
age (Fig. 4), with a median age at diagnosis of 72 years,
which suggests that younger individuals are more likely
to undergo extensive investigation to achieve specific
diagnoses, although this attitude toward the elderly may
be changing.*® Moreover, it has been shown that, over
time, the advances made in neuroimaging, neurosur-
gery, and neuropathology and improvements in quality
of registrations are reducing the incidence of NOS and
unspecified tumors.*”

Little is known about the etiology of primary CNS
tumors, and the only proven causes (hereditary syn-
dromes and radiation) account for a small proportion of
cases.*® The heterogeneous pathologies grouped under
CNS tumors further limit our ability to study the etiol-
ogy of the disease. Analyzing the pattern of these pathol-
ogies with age and sex (as has been done here) allows us
to speculate about the etiopathogenesis. A nadir in the
incidence of CNS tumors at ages 15-19 years and a peak
at 75-79 years suggest that both genetic and environ-
mental factors have a role, with the environment being
the larger contributor. An increasing incidence of high-
grade astrocytoma with increasing age along with a
decreasing incidence of low-grade astrocytoma supports
the suggestion that malignant transformation of astro-
cytic cells is a multistep process with sequential acquisi-
tion of genetic alterations with age.!® The peak of CNS
embryonal tumors in early childhood and of CNS germ
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cell tumors in those 15-24 years of age is similar to the
incidence pattern seen in non-CNS embryonal tumors
(nephroblastoma, neuroblastoma) and gonadal germ
cell tumors. This implies that the etiologies for CNS or
non-CNS tumors that share the same tissue of origin are
likely to be related.

It would also be of interest to analyze the variation in
epidemiology by race and ethnicity, as has been done by
CBTRUS.?¢ Currently, the individual-level cancer regis-
tration data obtained from the Office of National Sta-
tistics is anonymized and does not include information
on ancestry/ethnicity. In the future, it may be possible
to get such data, and then such an analysis can be done.
Moreover, the minority ethnic population in England
comprises 7.9%* (4% Asian or Asian British, 2% black
or black British, 1.2% mixed, and 0.8% others), which
is much less than the 26% in the United States (13.4%
black or African-American, 4.4% Asian, 2% mixed, and
6.2% others).’? Thus, the incidence rates for England are
relatively less likely to be affected by ethnic variation.

Conclusion

In summary, we present a large, comprehensive, and
up-to-date analysis of incidence data of primary CNS
tumors in the world England that has been obtained
from a high-quality national cancer registration system.
We have described the epidemiology across the whole
of England from 1995 through 2003 for all ages and
focused on the changing patterns in children, adoles-
cents, and older adults. The overall incidence is similar
to that reported elsewhere in the world but higher than
that reported in Britain before. We have also described
sex-specific, age-specific, and tumor-behavior—specific
standardized incidence rates for all histology groups
according to the WHO 2000 classification. We hope this
allows other studies to make relevant and meaningful
comparisons with our data and that it provides a base-
line for secular trend analysis.
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Appendix A. CNS tumor classification based on histology adapted from the WHO 2000 classification.” Any departures from the WHO

2000 classification are in bold and italicized.

Histology

Histology Code

Tumors of Neuroepithelial Tissue
Astrocytic Tumors
Specified diffuse astrocytoma
Anaplastic astrocytoma
Glioblastoma
Pilocytic astrocytoma

Other specified astrocytoma variants
Astrocytoma NOS

Oligodendroglial tumors
Oligodendroglioma
Anaplastic oligodendroglioma
Glioma NOS

Mixed gliomas

Ependymal tumors

Choroid plexus tumors

Glial tumors of uncertain origin

Neuronal and mixed neuronal-glial tumors
Neuroblastic tumors

Pineal parenchymal tumors

Embryonal tumors
Ependymoblastoma
Medulloblastoma

Supratentorial primitive neuroectodermal tumor

Other embryonal tumors
Tumors of Cranial and Spinal Nerves
Nerve Sheath Tumors
Tumors of the Meninges
Meningioma
Mesenchymal, non-meningothelial tumors
Primary melanocytic lesions
Hemangioblastoma
Lymphomas and Haemopoietic Neoplasms
Germ Cell Tumors
Germ Cell Tumors

Tumors of the Sellar Region
Craniopharyngioma
Pituitary tumors

Metastatic Tumors

Other Specified Tumors
Blood and Lymphatic Vessel Tumors
Chordoma

Miscellaneous Tumors

Unspecified intracranial and intraspinal neoplasms

9410, 9411, 9420
9401
9440, 9441, 9442

9380 (Site code restrictions 192.0, 225.1 - ICD9; C72.3, D33.3,
D43.3 - ICD10), 9421

9384, 9422, 9423, 9424, 9443
9400

9450
9451, 9460

9380 (Site code restrictions except 192.0, 225.1 - ICD9; C72.3, D33.3,
D43.3 -1CD10)

9382

9383, 9391-9394

9390

9381, 9430

8680, 8681, 8690, 8693, 8700, 8711, 9492, 9505, 9506
Not included

9360, 9361, 9362 (Site code restrictions 194.4, 227.4, 237.1 - ICD9; C75.3,
D35.4, D44.5 - ICD10 Except 9350, 9060-9102)

Included in ependymal tumors

9363, 9364, 9473, 9490, 9503 (T-Code restrictions 191.6 ICD9; C71.6 ICD10),
9470, 9471, 9472

9363, 9364, 9473, 9490, 9503 (T-Code restrictions 191.0-191.5,
191.7-192.9 - ICDY; C70.0-C72.9 except C71.6 — ICD10)

9501, 9508
9540, 9541, 9550, 9560, 9561, 9562, 9570

9530, 9531, 9532, 9533, 9534, 9536, 9537, 9538, 9539
Not included

8720, 8726, 8740

9161, 9535

Not included

9060, 9061, 9064, 9070, 9071, 9072, 9073, 9080, 9081, 9082, 9083, 9084,
9085, 9090, 9091, 9093, 9100

9350

Site Code restrictions 194.3, 227.3, 237.0 - ICD9; C75.1, C75.2, D35.2, D35.3,
D44.3, D44.4 - ICD10 except 9350, 9060-9102

Not included

9120, 9121, 9122, 9123, 9130, 9131, 9150, 9160, 9170, 9173
9370

8000-8004, 8010, 9990
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ABSTRACT

Reported increases in the incidence of CNS tumours in the developed world in the 1970s to
1990s have been a cause for concern and debate. It still remains to be adequately answered
whether these increases are true or an artefact of changes in diagnostic and registration
practices. Using high-quality national cancer registration data, we have analysed incidence
trends for each major histological subgroup of CNS tumour (2000 World Health Organisa-
tion (WHO) classification) registered in those aged 0-84 years for the whole of England dur-
ing the period 1979 through 2003. 134,509 primary CNS tumours of malignant, benign and
uncertain behaviour located in the brain, meninges, spinal cord, cranial nerves, other parts
of the central nervous system and in the pituitary and pineal glands were registered. In
summary, we present the single largest nationwide study on the longitudinal incidence
trends of CNS tumours. The increase in incidence observed in the 1970s and 1980s was
mainly in the young and the elderly and has now plateaued and may even be decreasing.
There is however variation in trends by histology. The incidence of some histological sub-
groups has continued to increase until the most recent period of analysis. Much of the ini-
tial increase can be attributed to the emergence of much more widely available neuroimag-
ing, while the most recent incidence changes for specific sub-groups of CNS tumours
appear to be due to greater diagnostic specificity leading to a shift in registered categories.
However, the trends for high-grade astrocytomas and other gliomas need further observa-
tion and investigation.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

in the developed world (Australia/New Zealand, Europe and
North America) and lowest in Africa which suggests that

According to global estimates, central nervous system (CNS) availability of diagnostic facilities may influence recorded
tumours account for 1.7% of all new cancers and 2.1% of all incidence rates in developing countries.? There are more than
cancer deaths worldwide." The highest incidence rates are 100 distinct pathological entities reported for the CNS

* Corresponding author: Tel.: +44 161 2751446; fax: +44 161 2755348.
E-mail address: reemaraman@doctors.org.uk (R.S. Arora).
0959-8049/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
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tumours. Around 60% of them are malignant in behaviour®
although even this proportion depends on registration prac-
tices which vary in the extent to which registration of non-
malignant tumours occurs in each country.** Even histologi-
cally non-malignant tumours can be life-threatening as a re-
sult of their space-occupying effects, degree of local
infiltration and, the tendency for some low-grade astrocyto-
mas to undergo malignant transformation, particularly those
which have received irradiation.®

In late 1980s and early 1990s there were several reports of
increasing incidence of CNS tumours, mainly in the elderly,
from Europe,”® North America®'® and Oceania.'* By the mid
to late 1990s there were similar reports of increasing inci-
dence of CNS tumours in children, initially from Britain'**3
followed by other parts of Europe**> and North America.
Recently studies from Asia,'® Europe'®?° and North Amer-
ica®>?? have shown that the increasing incidence of CNS tu-
mours overall (including children and the elderly) may be
levelling off and may actually be falling.

It is generally accepted that some of the increase in inci-
dence was not real but a result of advances in neuroimag-
ing”®? and better registration of non-malignant CNS
tumours.?”?® However, there is a debate as to whether in all
cases, the increases can be attributed to such an artefact of
changes in diagnostic and registration practices.?>*° This is
because the incidence increases started prior to the introduc-
tion of computerised tomography (CT) scanning.” In addition
there was not only an increase in the incidence of radiologi-
cally diagnosed CNS tumours, but also of those, albeit
smaller, diagnosed clinically.®*! Alternate explanations pro-
posed for the increases include greater availability of neurol-
ogists,?? attitudinal change in the delivery of healthcare to the
elderly®®?* and increased availability of alternative imaging
procedures like arteriography prior to the advent of CT.*?
The case for an artefactual increase seen elsewhere is sup-
ported by the observation of no such change in the incidence
of CNS tumours in the population of Rochester, Minnesota in
United States of America (USA) for the era 1935-1997 although
the number of CNS tumours diagnosed over this period was
relatively small (373).323 Rochester, which has one of the
highest reported incidence rates of CNS tumours in USA,
has historically had near-complete case ascertainment, regis-
tration of benign tumours, a high autopsy rate to confirm
diagnosis, greater than 95% histological confirmation of tu-
mour type, and easy access to neurological and neurosurgical
expertise. In such a setting, the effect of any artefact on inci-
dence patterns is likely to be minimal.

Furthermore, no new environmental risk factors have
been identified nor has there been an increase in any existing
environmental risk factor whose presence could explain the
rise in the observed incidence. So far, no consistent evidence
linking exposure to mobile phones, extremely low frequency
electromagnetic fields, infections and pesticides to CNS tu-
mour development has been identified.*** The heteroge-
neous pathologies grouped under the term CNS tumours
further limit our ability to study the aetiology of individual tu-
mour types. The recent levelling off would suggest that either
the exposure to the, as yet unidentified risk factor(s), has
reached its peak or that the rise in incidence was indeed
artefactual.

16,17

Using high quality national cancer registration data, we
present here incidence trends of primary CNS tumours in
children (0-14 years), adolescents and young adults (15—
24 years), older adults (25-64 years) and for the elderly (65-
84 years) covering the whole of England during the period
1979 through 2003 with the aim to explore the incidence trend
patterns in comparison with those seen elsewhere. Impor-
tantly, we analyse the trend for each major histological sub-
group of CNS tumours (malignant and non-malignant) using
the 2000 WHO classification® for each of the four age groups.
Much of the published literature lacks such detailed informa-
tion on specific histologies. The only other study which has
applied the detailed 2000 WHO classification in the analysis
of trends, looked at 25,258 primary CNS tumours over a short-
er time period (1985-1999).%¢

2. Materials and methods

2.1.  Source of data

Cancer registration in England is carried out by a network of
eight population-based regional registries and the national
data are collated by the Office for National Statistics in Lon-
don.* Anonymised individual patient level national cancer
registration data were obtained from the Office for National
Statistics on all CNS tumours (tumour at any of the following
sites: brain, meninges, spinal cord, cranial nerves, other parts
of the central nervous system and pituitary and pineal
glands) of malignant, benign and uncertain behaviour, newly
diagnosed between 1979 and 2003. National population esti-
mates by single year of age, gender and calendar year were
supplied by the Population Estimates Unit, Office for National
Statistics.

2.2.  Classification

The data obtained were classified into diagnostic groups
according to the WHO 2000 classification on the basis of
ICD-oncology second edition (ICD-02) morphology codes®’
and International Classification of Diseases 10th revision
(ICD-10) topography codes.®® In addition pituitary tumours
and not otherwise specified/unspecified CNS tumours were
also included. Metastatic tumours and those where it was
uncertain if they were primary or metastatic were excluded.
Also excluded were CNS lymphomas, haemopoietic neo-
plasms, mesenchymal non-meningothelial tumours and
olfactory tumours. Details of our classification including mor-
phology and site code allocations have been published
elsewhere.?

2.3. Statistical methods

Age and sex specific incidence rates were calculated and ex-
pressed per 100,000 person years. All rates were adjusted to
the world standard population? using direct methods except
where specifically stated. To assess the variation in the longi-
tudinal trends with age, the total time period was divided into
five quinquennia 1979-1983, 1984-1988, 1989-1993, 1994-1998
and 1999-2003. Average annual percentage change (AAPC)
along with the 95% confidence intervals (ClIs) was calculated
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for the entire period from 1979 to 2003 for four different age
groups (0-14, 15-24, 25-64 and 65-84 years) and for each of
the histological sub-groups. Those above the age of 85 were
excluded because of possible under-ascertainment and often
lower specificity in diagnosis. p-Values for variability in inci-
dence trends by sex within each age group as well as variabil-
ity among the four age groups were also calculated. SPSS, R*
and Microsoft Excel were used for analysing the data and pro-
ducing tables and graphs.

3. Results

During the period 1979 through 2003, 134,509 primary CNS tu-
mours of malignant, benign and uncertain behaviour located
in the brain, meninges, spinal cord, cranial nerves, other
parts of the central nervous system, and in the pituitary
and pineal glands were diagnosed and registered in England
in those aged 0-84years. The population covered, equated
to 1.18 billion person years. About 69,408 of the tumours were
in males (51.6%) and 65,101 in females. The overall age-stand-

ardised incidence rate steadily increased from 7.41 per
100,000 person years in 1979 to 9.73 in 1992 but has not sub-
sequently increased (Fig. 1). Indeed, there seems to be some
decrease in overall incidence since 2001. Both benign and
malignant tumours show an increase in incidence while
those of uncertain/borderline behaviour have decreased
(Fig. 2).

Table 1 shows the incidence rates (adjusted to the stan-
dard world population) in each quinquennium for all the his-
tological sub-groups in the WHO 2000 classification. Four
main patterns have been identified:

(i) No change in incidence throughout the period - speci-
fied diffuse astrocytomas (WHO grade II - fibrillary, pro-
toplasmic and gemistocytic), pineal parenchymal
tumours, medulloblastomas, hemangioblastomas, cra-
niopharyngiomas and chordomas.

(ii) Increasing incidence throughout each of the quinquen-
nia — anaplastic astrocytomas (WHO grade III), glioblas-
tomas (WHO grade IV), pilocytic astrocytomas (WHO
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Table 1 - Incidence of primary CNS tumours in those aged 0-84 years in England from for the five quinquennia from 1979 to 2003.

Number of cases Age-standardised incidence rates® in 100,000 person years p-Value
1979-1983 1984-1988 1989-1993 1994-1998 1999-2003
Total CNS tumours 134,509 7.61 8.27 8.99 9.24 9.13 0.00001
Tumours of neuroepithelial tissue (total) 70,048 4.16 4.55 4.68 5.26 5.22 0.00001
Astrocytic tumours 40,327 2.04 2.21 2.65 3.33 3.48 0.00001
Specified diffuse astrocytoma 1036 0.08 0.07 0.09 0.08 0.09 0.3
Anaplastic astrocytoma 1689 0.02 0.07 0.14 0.17 0.19 0.00001
Glioblastoma 18,309 0.47 0.53 0.82 1.60 2.05 0.00001
Pilocytic astrocytoma 1553 0.08 0.12 0.13 0.27 0.33 0.00001
Other specified astrocytoma variants 91 0.00 0.00 0.00 0.01 0.02 0.00001
Astrocytoma NOS 17,649 1.38 1.42 1.48 1.20 0.80 0.00001
Oligodendroglial tumours 3082 0.17 0.19 0.19 0.26 0.30 0.00001
Oligodendroglioma 2557 0.16 0.18 0.17 0.21 0.21 0.00001
Anaplastic oligodendroglioma 525 0.01 0.01 0.02 0.05 0.09 0.00001
Glioma NOS 20,041 1.45 1.61 1.25 0.92 0.64 0.00001
Mixed gliomas 765 0.03 0.04 0.05 0.06 0.10 0.00001
Ependymal tumours 2380 0.17 0.19 0.20 0.23 0.25 0.00001
Choroid plexus tumours 215 0.02 0.02 0.02 0.03 0.03 0.0001
Glial tumours of uncertain origin 198 0.03 0.02 0.01 0.01 0.01 0.00001
Neuronal and mixed neuronal-glial tumours 475 0.01 0.01 0.02 0.08 0.09 0.00001
Pineal parenchymal tumours 543 0.05 0.04 0.04 0.06 0.04 0.67
Embryonal tumours 2022 0.21 0.22 0.23 0.28 0.28 0.00001
Medulloblastoma 1707 0.21 0.21 0.22 0.20 0.20 0.65
Supratentorial primitive neuroectodermal tumour 314 0.00 0.01 0.01 0.08 0.08 0.00001
Tumours of cranial and spinal nerves
Nerve sheath tumours 8709 0.49 0.55 0.61 0.70 0.63 0.00001
Tumours of the meninges (total) 21,062 1.03 1.13 1.17 1.33 1.39 0.00001
Meningioma 19,721 0.94 1.04 1.07 1.24 1.29 0.00001
Primary melanocytic lesions 28 0.001 0.003 0.002 0.004 0.003 0.27
Hemangioblastoma 1313 0.08 0.09 0.09 0.09 0.10 0.15
Germ cell tumours
Germ cell tumours 488 0.04 0.04 0.06 0.06 0.06 0.00001
Tumours of the sellar region (total) 13,497 0.78 0.86 1.04 1.04 0.85 0.00001
Craniopharyngioma 1484 0.13 0.14 0.12 0.14 0.10 0.07
Pituitary tumours 12,013 0.65 0.72 0.91 0.90 0.75 0.00001
Miscellaneous tumours (total) 485 0.05 0.04 0.03 0.02 0.02 0.00001
Blood and lymphatic vessel tumours 346 0.04 0.03 0.02 0.01 0.01 0.00001
Chordoma 139 0.01 0.01 0.01 0.01 0.01 0.25
Unspecified tumours
Unspecified tumours 20,220 1.06 1.09 1.41 0.83 0.95 0.00001

& Adjusted to world standard population.
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grade I), anaplastic oligodendrogliomas (WHO grade III),
mixed gliomas, neuronal and mixed neuronal-glial
tumours and meningiomas.

(iii) Initial increase in incidence followed by stabilisation -
oligodendrogliomas (WHO grade II), ependymal
tumours, choroid plexus tumours, supratentorial prim-
itive neuroectodermal tumours (PNETs), nerve sheath
tumours, germ cell tumours and pituitary tumours.

(iv) Initial increase in incidence followed by decrease -
astrocytomas not otherwise specified, gliomas not
otherwise specified and unspecified tumours.

Age specific incidence rates for ages 0-4 years, and five-
year age groups up to 80-84 years for each quinquennium
are shown in Fig. 3. The increase in the incidence of primary
CNS tumours was seen mainly in the young and the elderly
and had been relatively stable for those aged 25-64 years.
Within the young, the increase in incidence was the highest
in the youngest (38%, 31%, 27%, 26% and 11% for 0-4, 5-9,
10-14, 15-19 and 20-24 year age groups, respectively, between
the period 1979-1983 and the period 1999-2003). Among the
elderly, the incidence change increased with age (15%, 24%,
54%, 115% and 176% for 60-64, 65-69, 70-74, 75-79 and 80-
84 year age groups, respectively). Because of this, the age of
peak incidence rate for CNS tumours shifted from 65-69 years
in 1979-1983 to 75-79 years in 1999-2003.

Table 2 shows the AAPC for four different age groups (0-14,
15-24, 25-64 and 65-84 years) and for each of the histological
sub-groups of the WHO 2000 classification. Overall the inci-
dence significantly increased in all age groups with the high-
est increases in those aged 0-14 years and 65-84 years.
Analysis by histology, however, revealed different patterns.
Firstly, for those CNS tumours where incidence had not chan-
ged over 25years (see above), there was also little or no
change in each of those four age groups. Secondly, for those
CNS tumours where incidence had steadily increased in
25years or had increased and stabilised, the change was

either seen in all age groups (anaplastic astrocytomas, glio-
blastomas, anaplastic oligodendrogliomas, mixed gliomas,
neuronal and mixed neuronal-glial tumours and supratento-
rial PNETs) or mainly in the elderly (oligodendrogliomas,
ependymal tumours, nerve sheath tumours, meningiomas
and pituitary tumours) or mainly in the young (pilocytic astro-
cytomas, other specified astrocytoma variants including pleo-
morphic xanthoastrocytomas, choroid plexus tumours and
germ cell tumours).

4, Discussion

This analysis of 134,509 primary CNS tumours across the
whole of England from 1979 through 2003 is the single largest
reported study of longitudinal trends in CNS tumour inci-
dence. Availability of such large numbers of cases derived
from a high quality national cancer registration system al-
lows us to study in detail the variation in incidence trends
by sex, age, tumour behaviour and histology. Overall, the inci-
dence of CNS tumours in England gradually increased from
1979 until 1992 and then levelled-off. Indeed since 2001, there
seems to be a slight downturn in incidence and future studies
will have to establish whether this decline continues.

This increase in overall incidence was mainly due to in-
creases in the incidence in the young (0-24 years) and the el-
derly (65-84 years), but in both these age groups the incidence
has been stable over the last ten years of the analysis period.
Looking beyond the overall trend, there are still some CNS tu-
mours which show an increase in incidence in all age groups
(anaplastic astrocytomas, glioblastomas, anaplastic oligoden-
drogliomas, mixed gliomas and neuronal and mixed neuro-
nal-glial tumours); in those 0-24years of age (pilocytic
astrocytomas); and in those 25-84 years of age (meningiomas)
up to and including the most recent time period.

The variation in temporal trends by age and by histology
suggests that no single carcinogen (or lack of protective fac-
tor) can explain the rise and the subsequent stabilisation in
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Fig. 3 - Age-specific logarithmic incidence curves of primary CNS tumours in England from 1979 to 2003.



Table 2 - Average annual percentage change (AAPC) of primary CNS tumours in England from 1979 to 2003 across four different age groups.® ®.

Number of cases

Average annual percentage change

0-14 years 15-24 years 25-64 years 65-84 years

Total CNS tumours 134,509 1.3 (1.0, 1.6) 0.9 (0.6, 1.3) 0.4 (0.3, 0.5) 2.5 (2.3, 2.6) €

Tumours of neuroepithelial tissue 70,048 2.2 (1.8, 2.6) 1.6 (1.1, 2.1) 0.4 (0.3, 0.5) 2.9 (2.7, 3.1) ¢

Astrocytic tumours 40,327 3.0 (2.4, 3.6) 2.2 (1.5, 3.0) 2.3 (2.1, 2.5) 6.2 (5.9, 6.5) €
Specified diffuse astrocytomas 1036 1.2 (-1.5, 4.1) 4.3 (1.0, 7.7) 0.2 (-0.8, 1.2) -1.0 (-3.6, 1.7)
Anaplastic astrocytoma 1689 8.9 (5.3, 12.7) 12.2 (8.0, 16.5) 7.7 (6.8, 8.7) 8.7 (6.9, 10.4)
Glioblastoma 18,309 6.5 (4.2, 8.8) 5.6 (3.6, 7.6) 7.8 (7.5, 8.1) 11.8 (11.4, 12.3) €
Pilocytic astrocytoma 1553 8.4 (7.4, 9.5) 8.4 (6.4, 10.5) 4.5 (2.6, 6.3) -0.4 (4.4, 3.9) €
Other specified astrocytoma variants 91 19.5 (11.5, 28.0) 22.0 (11.3, 33.6) 2.8 (-2.5, 8.5) 16.7 (-3.7, 41.4) ¢
Astrocytoma NOS 17,649 -1.7 (-2.5, -1.0) -1.2 (-2.1, -0.3) -2.7 (-3.0, -2.5) -1.0 (-1.4, -0.6) €

Oligodendroglial tumours 3082 -1.6 (-4.3,1.2) 1.6 (-0.6, 3.8) 3.4 (2.8, 4.0) 5.6 (4.0, 7.2) ¢
Oligodendroglioma 2557 -3.5 (-6.5, -0.5) 0.2 (-2.1, 2.5) 1.6 (1.0, 2.3) 3.3 (1.7, 5.0)

Anaplastic oligodendroglioma 525 10.8 (1.9, 20.5) 16.3 (6.8, 26.6) 14.8 (12.7, 16.9) 18.8 (13.3, 24.5)

Glioma NOS 20,041 1.2 (0.2, 2.2) -4.0 (-5.4, -2.6) -6.1 (6.4, —5.8) -1.1 (-1.3, -0.8) €

Mixed gliomas 765 3.4 (-1.2, 8.3) 8.3 (3.7, 13.1) 6.3 (5.0, 7.7) 8.3 (4.9, 11.8)

Ependymal tumours 2380 0.8 (0.4, 2.0) 1.56 (-0.2, 3.4) 2.8 (2.1, 3.6) 5.7 (3.8, 7.6) ¢

Choroid plexus tumours 215 6.7 (3.6, 9.8) 2.5 (-4.2,9.7) 0.2 (-2.9, 3.3) -0.3(-7.7,7.7) ¢

Glial tumours of uncertain origin 198 -3.5(-8.0, 1.1) 7.2 (0.5, 14.5) -9.5 (-12.2, -6.9) -1.1 (-6.7, 4.8) ¢

Neuronal and mixed neuronal-glial tumours 475 14.6 (10.8, 18.6) 14.2 (10.4, 18.2) 11.3 (8.9, 13.8) 9.1 (3.3, 15.2)

Pineal parenchymal tumours 543 0.1 (-2.4, 2.6) -2.2 (-5.1, 0.7) 0.0 (-1.7, 1.7) 4.4 (1.1,7.8)

Embryonal tumours 2022 1.4 (0.6, 2.1) 2.1 (0.4, 3.8) 2.8 (1.3, 4.3) 8.2 (1.5, 15.3)
Medulloblastoma 1707 -0.2 (-1.0, 0.6) -0.9 (2.7, 0.9) 0.5 (1.1, 2.1) 2.5 (-5.4, 11.2)
Supratentorial primitive neuroectodermal tumour 314 16.6 (13.1, 20.2) 20.4 (14.0, 27.2) 13.5 (9.3, 18.0) 17.3 (4.3, 32.0)

Other embryonal tumours 1

Tumours of cranial and spinal nerves

Nerve sheath tumours 8709 -4.6 (-6.2, -3.0) 0.4 (-0.9, 1.8) 2.2 (1.8, 2.6) 1.5 (0.9, 2.2) S

Tumours of the meninges 21,062 1.8 (-0.8, 4.5) -0.6 (0.9, 2.1) 1.2 (1.0, 1.5) 2.9 (2.6, 3.3) ¢

Meningioma 19,721 1.0 (-1.8, 3.9) 0.9 (-0.9, 2.8) 1.3 (1.0, 1.5) 3.0 (2.7, 3.3) €

Primary melanocytic lesions 28 8.4 (-2.8, 20.8) -3.9 (-10.6, 3.3) 24.3 (-2.1, 57.9)

Hemangioblastoma 1313 42 (-3.6, 12.6) -0.3 (-3.0, 2.5) 0.6 (0.2, 1.5) 0.4 (-1.4, 2.3)

Germ cell tumours

Germ cell tumours 488 3.0 (1.0, 5.1) 6.0 (3.5, 8.6) 0.3 (-2.2, 2.9) -1.4 (7.5, 5.1) €

Tumours of the sellar region 13,497 -0.2 (1.5, 1.2) -0.2 (-1.2, 0.7) 0.5 (0.2, 0.8) 3.1 (2.6, 3.6) €

Craniopharyngioma 1484 -0.4 (-1.8,1.1) -2.1 (-4.0, 0.0) -0.8 (-1.8,0.2) 0.9 (-1.0, 2.9)

Pituitary tumours 12,013 0.7 (2.6, 4.2) 0.3 (-0.8, 1.4) 0.6 (0.3, 0.9) 3.3 (2.8, 3.9) €

Miscellaneous tumours 485 -6.39 (-11.3, -1.2) -10.3 (-14.8, -5.6) -4.3 (-5.8, -2.7) -1.9 (-4.6, 0.8)

Blood and lymphatic vessel tumours 346 -11.9 (-18.0, -5.4) -12.2 (-17.4, -6.6) -4.8 (-6.6, -3.0) -3.3(-6.8,0.2)

Chordoma 139 14.8 (-0.8, 33.0) -5.0 (-13.5, 4.4) -2.7 (-5.7, 0.3) 0.1 (=4.0, 4.5)

Unspecified tumours

Unspecified tumours 20,220 -2.5 (-3.6, -1.5) -0.7 (-2.0, 0.6) -1.9 (-2.2, -1.6) 1.4 (1.1, 1.6)° ¢

@ AAPC was not reported for groups of insufficient size.

b Statistically significant AAPC are in bold (p < 0.05) and 95% CI are given in parentheses.

¢ The difference in AAPC across the four age groups is statistically significant (p < 0.05).
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incidence. Prolonged exposure to radiofrequency signals from
mobile phones or occupational electric and magnetic fields,
which have been under investigation,**** are unlikely to have
contributed in a major way specifically to the increase of inci-
dence seen only in the elderly or the young. If the increase in
incidence in the young is the result of exposure to a tumouri-
genic factor in pregnancy or early childhood then the latent
period would have to be very short to produce such an effect.
Studies which have looked at maternal occupation during
pregnancy, paternal occupation during peri-conceptional per-
iod, maternal exposure to tobacco smoke, N-nitroso com-
pounds in household water during pregnancy and proximity
of home address at birth to high voltage power lines have
not found a consistent link or a dose-risk relationship.***’
Clearly the aetiology of the majority of CNS tumours is still
unknown and these arguments will need to be revisited as
our understanding increases.

In the absence of an identifiable causative factor, is there
an alternative explanation for the continuing rise of some
CNS tumours? Some of the answer probably lies in the obser-
vation of a decrease in incidence in the last ten years of CNS
tumours characterised by lack of specificity for behaviour
(CNS tumours of unknown/borderline behaviour, Fig. 2) or
histology (e.g. unspecified CNS tumours, and gliomas not
otherwise specified, Table 1). This would suggest that
improvements in neurosurgical techniques and develop-
ments in neuropathology have enabled more specific diagno-
sis to be made leading to a shift of tumours previously
diagnosed as “not otherwise specified” or “unspecified” to
more specific histologies and registered as such. Data on
CNS tumours from the European Automated Childhood Can-
cer Information System show an increasing proportion of
microscopically verified CNS tumours over time leading to a
decrease in the “not specified” category.*® Included among tu-
mours that are now being increasingly recognised, are oligo-
dendroglial tumours and mixed gliomas (using 1p/19q
chromosomal loss as a diagnostic tool)** and neuronal tu-
mours like central neurocytomas where diagnosis is assisted
by electron microscopy and immunohistochemistry.>® How-
ever, there is an increase in astrocytic tumours overall and
shift alone from astrocytoma not otherwise specified to ana-
plastic astrocytoma or glioblastoma cannot explain the
increase.

There is another interesting facet to the trends of these
groups of less specific CNS tumours. As seen in Table 1 their
incidence actually increased for the initial period of the anal-
ysis (along with most other histological sub-groups of CNS tu-
mours) before declining. This would imply that the initial
increase was a result of a factor which affected all groups. It
has been proposed elsewhere that a steep increase in the
use of CT scan imaging of the head, particularly in the elderly,
accounted for a large part of the observed increase in inci-
dence seen in the USA and Nordic countries during the
1970s and 1980s.2>2>3151 Qur observations support this, as el-
derly patients with an underlying primary CNS tumour who
present with focal neurological symptoms or after accidents
are far more likely previously to have been clinically
(mis)diagnosed as having cerebrovascular disease or transient
ischaemic attack without the benefit of neuroimaging.>® This
argument can be extrapolated to low-grade astroglial and

neuronal tumours as well. Smith et al. have attributed the in-
crease in incidence seen in low-grade glial lesions in the brain
stem in children to changes in detection and/or reporting of
childhood CNS tumours during the mid-1980s in USA.?* An-
other consequence of the widespread availability and use of
improved neuroimaging has been the diagnosis of slow grow-
ing low-grade CNS tumours at an earlier age. In our study the
median age at diagnosis for pilocytic astrocytoma decreased
from 13 years in the period 1979-1983 to 10 years from 1999
to 2003 (data not shown).

The increase in high-grade astrocytomas (anaplastic astro-
cytomas and glioblastomas) and high-grade gliomas (anaplas-
tic oligodendrogliomas) is more difficult to interpret. The
increase is not restricted to children or the elderly but has
happened across all age groups (Table 2) and so cannot be
simply attributed to increased availability of neuroimaging
or a change in attitude towards the elderly. Due to the aggres-
sive nature and poor outlook of these tumours, they are unli-
kely to be under diagnosed or picked up coincidentally. As
distinct and well-recognised malignant pathological entities,
the incidence of this group of CNS tumours is unlikely to be
affected by changes in classification or registration practices,
although advances in neurosurgery and neuropathology
would lead to increased specificity and some shift between
tumour categories.

Studies from Europe'®?° and USA>® have reported contin-
uing increase of high-grade astrocytomas and gliomas in
the 1990s and early part of the 21st century. Lénn et al. re-
ported that the increase in the incidence of glioblastoma from
1993 to 1998 seen in the Nordic countries was confined to
those aged 60-79 years with no change in those aged 20-
59 years.’ On the other hand, the increase in incidence of
high-grade astrocytomas in Netherlands from 1989 to 2003
was seen in those aged 15-44 years as well as those above
65 years of age with no significant change in adults aged 45-
64 years.?® Finally, McCarthy et al., have recently reported
continuing increases in the incidence of anaplastic oligoden-
droglioma in those aged 20-64 years from USA.>® Our analysis
shows that the increase of high-grade astrocytomas and glio-
mas in the most recent period is not restricted to those aged
65-84 years (Fig. 4). All these factors make it difficult to dis-
miss the increase in incidence in high-grade astrocytomas
and other gliomas as an artefact. This is a group of tumours
for which aetiological studies may yet yield some clues to
their changing incidence.

5. Conclusion

In summary, we present the single largest study on the longi-
tudinal trends of CNS tumours derived from data obtained
from a high quality national cancer registration system. The
overall increase of incidence seen in CNS tumours in England
in 1970s and 1980s was mainly in the young and the elderly
and has now levelled off and may be decreasing. There is
however variation in these trends by histology and the inci-
dence of some histological sub-groups has continued to in-
crease until the most recent period of analysis. Much of the
initial increase can be attributed to the emergence of widely
available neuroimaging, while more recent changes in trends



1614

EUROPEAN JOURNAL OF CANCER 46 (2010) 1607-1616

14

1 —o— 1979101983
—=— 1934101988

10 —o—1933t01993
—+— 1994101998

8 —»— 1999102003

Incidence Rate per 100,000 PYs

C S A - o

’O’Q’O’O‘O’O

¢ A £ &
’9'9’0‘0

76" 87 6° $° $° 6%

Age (In Years)

Q,@*(:q n '?;‘ 'k‘?
&° '9 B
A

0.35
03 —o0—1975t01983
—a—1984t01983
0.25 ——1989t01993
—a—1994t01998
02 —~—1999t02003

0.15

01 /
0.05 2

Incidence Rate per 100,000 PYs

0 -

; l
?
&

2 S 2 i P 2 S 2
B O
S® 4 =-S’ @ 5 $° 5° §59 © 3° ° 2° Ex@ gap ° ° &°
B Age(lnYears)

Fig. 4 - Age-specific incidence curves of (A) high-grade astrocytomas, and (B) high-grade oligodendrogliomas in England from

1979 to 2003.

of specific sub-groups of CNS tumours is likely to be as a re-
sult of increased specificity of diagnosis leading to a shift in
registered categories. However, the trends of high-grade
astrocytomas and gliomas as well as pilocytic astrocytomas
need further observation and investigation.
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Condensed Abstract

Malignant germ cell tumours, which display hetertgey by histology and site, occur at
all ages with incidence peaks in infancy and yoadgithood. Regardless of site, the
similarity in shapes of the age-incidence curveges cell tumours, suggests a common
initiation of these tumours in embryonic/foetaklivith variable rates of tumour

progression as a result of local factors or evdatsig postnatal and pubertal period.

Abstract

Background Gonadal and extragonadal germ cell tumours (G& thought to arise
from primordial germ cells and could have similati@pathogenesis. Unlike testicular
GCT, there has been limited comprehensive populdiased analysis of ovarian and
extragonadal GCT.

Methods- All malignant GCT and benign and uncertain béhavcentral nervous
system (CNS) GCT registered in England in the agag0-84 years from 1979-2003
were included. Incidence rates were calculatedaaljuisted to world standard

population.
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Results- There were 33364 GCT (92.5% testes, 3.9% 0Ba29p extragondal) in
persons aged 0-84 years. CNS was the most comni@yeradal site. An initial peak in
incidence at 0-4 years of age of non-germinomassean at all sites except ovary.
Second incidence peaks between ages of 10-39 ydaird) was more marked in males,
were also seen at all sites. The age at this incelpeak varied by site and was 10-14
years (CNS), 15-19 years (ovary), 25-29 years (@Rragonadal sites), and 30-34 years
(testes). A significant increase in incidence withe was seen in germinomas (testes,
CNS) and non-germinomas (testes, ovary).

Conclusions- These age-incidence patterns suggest a comm@atiam of GCT in
embryonic/foetal life with variable rates of tumgupgression as a result of subsequent
events which may be site-specific. Future gengtidiss need to consider GCT from all

sites to enable a better understanding of theiolagl.

Keywords

Germ Cell Neoplasms; Testicular Neoplasms; Ovaxiaoplasms; Central Nervous

System Neoplasms; Mediastinal Neoplasms; Incidenmegitudinal Trends; England
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I ntroduction

Malignant germ cell tumours (GCT), which displaydregeneity by histology
and site, occur at all ages with incidence pealsfancy and young adulthood. 3.3% of
all cancers in 0 to 14 year olds are malignant @@ile in the 15 to 24 year age group
the proportion increases to 13.8%Testicular tumours, most of which are GCT, are the
most common malignancy in young men aged 15 toe#4syand the incidence of these
cancers is estimated to have doubled in the lagedfs’ In contrast to testicular GCT,
ovarian GCT represent only 3% of all malignant eamtumours with ovarian carcinoma
predominating. They are however the most commoigmeht ovarian tumour in females
aged less than 20 years of ade.

Whereas the epidemiology of testicular GCT has lleersubject of extensive
research, there has been limited population basalgsas of ovarian GCT and none for
extragonadal GCT. Knowledge of extragonadal GCThess derived from retrospective
reviews of hospital cases or those on clinical¢fif and such information is likely to be
affected by hospital referral patterns and clintdal registration practices. The secular
trends in the incidence of GCT of the ovary, CN8 ather extra-gonadal sites, in
contrast to the well documented trends for testicGICT, are so far largely unexplored.

The initiation and promotion of testicular, ovaramd extragonadal GCT could
be due to exposure to similar endogenous and/ayezyaus causative factors perhaps
acting at different sites and at different stagdg@ Analysing and contrasting the
variation in incidence patterns of GCT across d#ife sites by age, sex and histology
could provide a greater understanding of factatgal in tumourigenesis. In order to

address this, we present here detailed incidertterps and trends of gonadal and
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extragonadal GCT for the whole of England during pleriod 1979 through 2003 using

high quality national cancer registration data.

M ethods
Sour ce of Data

Cancer registration in England is carried out imgawork of eight population-
based regional registries. These regional regsstialect data on cancers registered to
residents of their areas, and submit a standaeseiabn these registrations to Office for
National Statistics (ONS) in LonddhAnonymised, national cancer registration data on
individual patients of all ages newly diagnosedisstn 1979 and 2003 were obtained
from the ONS. Information supplied included yeadignosis, age at diagnosis, sex of
patient, primary site, morphology and behaviouresod

National population estimates by single year of ag& and calendar year were
supplied by the Population Estimates Unit, ONS. daiimid-year estimates of
population in England are based on census datéhrgeith information on births,
deaths and migratiol.
Categorisation of Tumours

Cases of all malignant GCT (morphology codes 90@8@39vith behaviour code
‘3") based on the International Classification dé&ases for Oncology'tnd 29 edition
(ICD-01 and ICD-02) morphology codes were selettéd.In addition, GCT with the
above morphology codes located in the central nergystem (CNS) but with benign or
uncertain behaviour code (0 and 1 respectivelypva¢so selected. GCT were grouped

by histology into germinomas (morphology codes 99664), non-germinomas (9071,
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9080-9084, 9090) and other & mixed GCT (9070, 9@1Z,3, 9085, 9101-9102) based
on the ICD-O1 and ICD-02 morphology codes.
In addition to grouping by histology, GCT were atgouped by site into
1. Testicular (International Classification of Disea$B revision (ICD-9) site codés
186.0-187.9 and International Classification ofddises 19 revision (ICD-10) site
codes® C62.0-63.9),
2. Ovarian (ICD-9 site code 183.0 and ICD-10 site cG86.0),
3. Extragonadal — These were further divided into fwlvgroups based on site

a. CNS (ICD-9 site codes 191.0-192.9, 194.3, 194.8,@225.9, 227.3, 227 .4,
237.0, 237.1, 237.5, 237.6 and ICD-10 site codek@Z72.9, C75.1-C75.3,
D33.0-D33.9, D35.2-35.4, D43.0-43.9, D44.3-D44.5)

b. Mediastinum & thorax (ICD-9 site codes 162.0-163.81.4, 195.1 and ICD-10
site codes C33.9-C39.9, C49.3, C76.1)

c. Abdomen & pelvis (ICD-9 site codes 151.0-159.9,.57171.6, 179.0-185.0,
188.0-189.9, 195.2, 195.3 and ICD-10 site codes@C26.9, C48.0-C48.8,
C49.4, C49.5, C51.0-C58.9 [except C560], C61.9,.862468.9, C76.2, C76.3)

d. Other specified (ICD-9 site codes 140.0-150.9, A@Bd ICD-10 site codes
C00.0-C15.9, C73.0)

4. Unspecified (ICD-9 site codes 171.0-171.3, 1717,.9, 172.0-173.9, 195.0, 195.4-

199.1 and ICD-10 site codes C44.0-C44.9, C49.0-4949.6-C49.9, C76.7-C80.0)

Statistical M ethods
Age, sex, site and histology specific incidencesatere calculated and

expressed per million person years. All rates vegljasted to the world standard

60



population using direct methodsTo assess the variation in the longitudinal treniis

age, the total time period was divided into fivéenquennia 1979-1983, 1984-1988,
1989-1993, 1994-1998 and 1999-2003. Average arparakntage change (AAPC) along
with the 95% confidence intervals were then cakedldor the entire period from 1979-
2003. P-values for variability in incidence trersage group (0-9, 10-49 and 50-84
years), sex, site and histology were also calcdlageng Poisson regression. Those above
the age of 85 were excluded because of possiblertastertainment and often less
specificity of diagnosis. SPSS, R and Microsoft &xgere used for analyzing the data

and producing tables and graphs.

Results

Overall Incidence

During the period 1979 through 2003, 33364 GCT7d81lmales and 1624
females) were registered in England for those &g@d34 years and the overall age-
adjusted incidence rate was 26.44 per million pessars. GCT comprised 0.7% of all
cancers overall and 11.2% in persons under 30 yéage. The population covered,
equated to 1.18 billion PYs. The distribution of Gid gonadal and extragonadal sites is
shown in figure 1. There were 30875 testicular &Bt6 ovarian GCT. The age-adjusted
incidence rates of testicular and ovarian GCT wi&&7 and 2.34 per million person
years respectively. 1060 of the total GCT (3.2%denextragonadal in location and the
age-adjusted incidence rate was 1.05 per millioegreyears.

Although the majority of GCT were located in thengds in both sexes, there was

variation in location by age (figure 2). 42% of @ICT in both male and female children
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0 to 14 years of age were extragonadal. The prigpoof extragonadal GCT was highest
in girls aged 0 to 4 years (figure 2A) and the nmashmon location was abdomen and
pelvis (including sacrococcygeal). In boys the prtipn of extragonadal GCT was
highest at ages 5 to 14 years (figure 2B) and thst kommon location was CNS.
Age-Specific Incidence Patterns

The age-specific incidence rates for gonadal atrdgonadal GCT are shown in
figure 3 and 4 respectively. In males, there wamaller incidence peak at O to 4 years of
age at most sites followed by a larger peak ofliece in adolescence and young
adulthood in GCT at most sites. There was variatidhe age when this latter peak was
achieved - CNS (10-14 years), mediastinum & th@gixto 29 years), abdomen & pelvis
(25 to 29 years) and testes (30 to 34 years). itrast, in females the dominant peak
incidence at 0 to 4 years at all extragonadal eixegeded that in males with the
maximum differential in abdomen & pelvis, but wésant in ovarian GCT. The ovarian
GCT peak in incidence was at 15 to 19 years. Thimegdal peak was also seen in CNS
GCT at 10 to 14 years of age but was not well-aefim other extragonadal sites in
females.
Distribution and Incidence Patter ns by Site and Histology

CNS was the most common location for extragonadal @& both males and
females followed by mediastinum & thorax in maled abdomen & pelvis in females
(Figure 1 and Table I). Germinoma (seminoma) wagtibst common histology in
testicular GCT whilst non-germinoma was most cominaovarian and extragonadal
GCT. This pattern was true for most extragonadasswith the exception of the pineal

gland where germinomas exceeded non-germinomas.
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Detailed age-incidence patterns for GCT by higipland each of the gonadal and
extragonadal sites are shown in figure 5 and 6aasuwimmary of the observations is in
Table 1.

Longitudinal Incidence Trends

For the period 1979 to 2003, there was a steai$yi significant increase in the
incidence of GCT overall as well as for testicutararian and CNS GCT but not in GCT
of mediastinum & thorax and of abdomen & pelviblgalll). The overall increase was
seen in germinomas and non-germinomas but thisdvay site. There was significant
increase in incidence of testicular seminomas tmnd lesser extent, of non-seminomas.
In ovarian GCT the increase was exclusively from-dgsgerminomas with no change in
dysgerminomas. In CNS GCT the increase was enti@yto an increase in the
incidence of germinomas. Most of this increase e in the above tumour groups in
the 10 to 49 year age group. There was also afisignii increase in the incidence of non-

germinomas of the abdomen & pelvis in the O to & e group.

Discussion

This analysis of 33364 cases of gonadal and extiedpd GCT across the whole
of England from 1979 through 2003 is the first coemgnsive review on incidence
patterns and longitudinal trends of these tumaling. large difference in the incidence of
testicular and ovarian/extragonadal GCT seen mdhalysis is likely to be related to the
lower number of susceptible germ cells survivingam-testicular sites by the time of
puberty. After initial multiplication by mitosishé primordial germ cells (oogonium) in

the ovary peak in numbers (around 7 million) aDBweeks of gestation after which
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they enter meiotic arrest (now called oocyte) drahtsteadily decline in numbers so that
by birth 1-2 million oocytes are left and by pulyeshly 300,000 While the number of
primordial germ cells in extragonadal locationaas known, like their counterparts in
the ovary, they also enter meiotic arrest in fokfialand undergo apoptosis? In

contrast, the mitotic proliferation of spermatogogerm cells continues throughout adult
reproductive life.

The published literature is dominated by studiesesticular GCT with limited
population-based information on ovaridh?’and CNS GC¥?* and none on GCT
located at other extragonadal sites. Consequeh#ye are no previous studies
contrasting the incidence patterns of gonadal atrdgonadal GCT. Such an analysis is
important in gaining a better understanding ofabgopathogenesis of these tumours
which show considerable heterogeneity by site asilogy, but are regarded as one
disease entity> The heterogeneity is thought to be a reflectiothefdevelopmental
potential of germ cells at different stages of mation and with different imprinting
status> The primordial germ cells, which form in the waflthe yolk sac during the
fourth week of embryogenesis and migrate into #eetbping gonads, are considered to
be the cell of origin of gonadal (testicular anéwoan) GCT. Extragonadal GCT are also
thought to arise in the same primordial germ cghigch have migrated aberrantly along
the midline to the CNS, mediastinum and other pediat sites’® The remarkably similar
shape of the age-incidence curves (with some vanstvhich are further explored
below) of these tumours regardless of site, as sansed in Table Il, is consistent with a

common cell of origin and possibly a common initat
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It is probable that subsequent to the migratioprohordial germ cells to the
respective gonadal and extragonadal sites, therugher critical events during foetal
and/or postnatal life which determine the promotétumourigenesis and the rate at
which this happens. Based on some of the epidegigalbobservations in our analysis, it
is likely that these events vary among the diffesgtes where GCT will eventually
develop. Firstly, there is variation in the aggeék incidence of GCT by site in
adolescents and young adults. Secondly, while ¢laé& pacidences of germinoma and
non-germinoma are seen at the same age at extdaa@it@s, this is not true for
germinomas of the gonads which peak in incidentel® years after the non-
germinoma peak. Thirdly, the longitudinal trenddedticular, ovarian and extragonadal
GCT are dissimilar.

The observed differences by site in the inciderateepns and longitudinal trends
of GCT can also provide clues to the exposurescasged with GCT. The incidence of
testicular GCT has doubled in the last 40 yearsaamannual increase of 3-6% is
reported for Caucasian populatid$®No definitive causative factors have been found
to explain this rise in incidence, although thera strong birth cohort effect and
exposure to endogenous maternal estrogens in‘udsrbeen suggest&e?® There is a
paucity of epidemiological studies on prenatal postnatal risk factors associated with
ovarian and extragonadal GCT which address simiastions. Our analysis confirms
the rise in incidence of testicular seminomas asmtt$seminomas. But, lack of a similar
parallel increase in GCT of ovarian and extragohsities suggest that the hypothesized
hormonal factors may have a lesser role in th@pathogenesis of GCT located at these

sites.

65



In summary, the remarkable similarity between thepgs of age-incidence
curves of GCT suggests a common initiation of thessurs. This is likely to happen
early in the embryonal period prior to migrationpoimordial germ cells into the genital
ridges or ectopic sites. However, the variatiopeak incidence and longitudinal trends
by site suggests that progression of tumourigengsrluenced by events during the
foetal and/or postnatal period which are likelyotsite-specific. Future genetic and
epidemiological studies need to consider GCT alitdb rather than be restricted to
testicular and ovarian GCT to enable a better wstdeding of the biology and aetiology

of these tumours.
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Figure 1 Distribution of GCT in Gonadal and Egimaadal Sites in England, 1979

to 2003
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Figure 2 Age Related Variation in the ProportiorGainadal and Extragonadal

GCT in (A) Females, and (B) Males
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Figure 3 Age- and Sex-Specific Incidence Pattefr@amadal GCT in England,

1979 to 2003
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Figure 4 Age- and Sex-Specific Incidence Pattefriisxtragonadal GCT in

England, 1979 to 2003
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Age- and Histology-Specific Incidence Raédterns of Gonadal GCT in

Figure 5

England, 1979 to 2003 (Note different scales onyiais)
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Figure 6 Age- and Histology-Specific Incidence Raétterns of Extragonadal

GCT in England, 1979 to 2003
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Table |

England, 1979 to 2003

Distribution of Gonadal & Extragonadal GBY Site and Histologin

Non- Unspecified Incidence
Germinoma Mixed GCT Total
Germinoma Histology rate*
Testes 17202 9353 2556 1764 30875 48.37
Ovary 433 836 47 0 1316 2.34
All Non Gonadal 394 605 61 0 1060 1.05
Male 329 403 45 0 777 1.45

Unspecified Site

47

55

11

113

0.09

*Expressed per million person years.

GCT — Germ Cell Tumours, CNS — Central Nervous &yst
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Table Il

Summary of Incidence Peaks Seen in GorehlExtragonadal GCT

Site Histology 0to 4 YearsAgelncidence Peak Adolescent & Young Adult I ncidence Peak
Germinoma No Yes (peak at 35 to 39 year of age)

Testes
Non-Germinoma Yes Yes (peak at 25 to 29 year of age
Germinoma No Yes (peak at 20 to 24 year of age)

Ovary
Non-Germinoma No Yes (peak at 15 to 19 year of age)

Germinoma No Yes (peak at 10 to 14 year of agenaald > female)

Central Nervous System

Non-Germinoma

Yes (female > male)

Yes (peak ab1lDityear of age and male > female

Mediastinum & Thorax

Germinoma

No

Yes (peak at 25 to 29 year of agenaald > female)

Non-Germinoma

Yes (female = male)

Yes (peak abZBtyear of age and male > female

Abdomen & Pelvis

Germinoma

No

No

Non-Germinoma

Yes (female > male)

Yes (peak abZBtyear of age and male > female
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Table 1ll Age-Adjusted Incidence Rates of GCT btdlogy and Site for Successive Five Year Perindsngland, 1979-2003

Overall
Germinoma
Non-Germinoma
Testes
Germinoma
Non-Germinoma
Ovary
Germinoma
Non-Germinoma
Central Nervous System
Germinoma
Non-Germinoma
M ediastinum & Thorax
Germinoma
Non-Germinoma
Abdomen & Pelvis
Germinoma

Non-Ger minoma

Age-Adjusted Incidence Rate in Million Person Years

Average Annual Percentage Change (95% Confidence I nterval)*

1979-1983 1984-1988 1989-1993 1994-1998 1999-2003

19.83 24.58 28.35 31.75 34.76
10.46 12.61 14.32 18.00 20.48
8.16 9.17 8.79 10.38 8.83
36.25 45.34 52.58 58.99 65.21
19.92 24.10 27.35 34.36 39.46
13.95 15.70 14.83 18.03 15.13
1.92 2.01 2.02 2.52 2.51
0.71 0.76 0.64 0.80 0.71
1.14 1.25 1.34 1.61 1.61
0.31 0.33 0.50 0.50 0.53
0.11 0.09 0.27 0.29 0.35
0.21 0.23 0.22 0.19 0.17
0.21 0.23 0.32 0.27 0.19
0.07 0.06 0.09 0.13 0.09
0.14 0.16 0.22 0.13 0.09
0.19 0.28 0.22 0.26 0.26
0.02 0.04 0.03 0.04 0.05
0.15 0.21 0.16 0.21 0.17

0to84yrs
2.67 (2.51,2.83)

3.43 (3.21,3.65)

0.56 (0.29,0.8
2.78 (2.61,2.94)

3.47 (3.24,3.69)
0.58 (0.29,0.87)

1.36 (0.59,2.14)

-0.03 (-1.35,1.31)
1.65 (0.68,2.63)

2.94 (1.64,4.26)

6.88 (4.92,8.89)
-1.11 (-2.91,0.71)

-0.15 (-1.76,1.48)

2.35 (-0.42,5.2)
-1.66 (-3.73,0.44)

0.49 (-1.22,2.24)
1.92 (-2.48,6.5

-0.19 (-2.19,1.85)

0to9yrs
1.05 (-0.23,2.35)
19%5,13.67)
B) 0.28,1.6)
-2.66 (-4.66,-0.62)

4-p-4.85,-0.59)
3.07 (-0.22,6.48)
6.086,13.86)
2.08¢-5.12)
1.77 (-1.12,4.75)
6.954QB32)
-0-3796,2.94)

5.87 (2.64,9.19)
#)

4.885B.23)

10to49yrs
2.91 (2.73,3.08)
3.67 (3.43,3.91)
0.71 (0.42,0.99)
2.95 (2.77,3.13)
(R46,3.95)
0.64 (0.34,0.95)
2.64 (1.75,3.55)
0.5 (-0.94,1.96)
3.5(2.32,4.69)
3.8 (2.25,5.38)
7.31 (5.19,9.49)
-1.76 (-4.17,0.7)
0.37 (-1.38,2.16)
2.6260.7)
-1-318,1.2)
-1.72 (-4.11,0.73)
0.4B,6.13)
-3.91 (-6.92,-0.8)

50to 84 yrs

1.35(0.92 1.78)
2.14 (1.61,2.67)
-1.08 (-2.08,-0.07)

1.88(1.42,2.33)
2.32(1.78,2.86)
0.67 (-0.6,1.96
-4.83 (-6.64,-2.98)
-6.68 (-10.73,-2.46)
-4.72 (-6.78,-2.62)
-1.02 (-5.01,3.12)

0.08 (-4.28,4.66)
-5.52 (-10.29,-0.5)

-9.38 (-16.09,-2.14)
-3.4 (-7.53,0.9)

-4.91 (-10.41,0.93)

* Average Annual Percentage Change was not reppéotegroups of insufficient size
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Condensed Abstract

Incidence patterns of osteosarcoma and Ewing sarclumnng adolescence points
towards a link with puberty. The variation in thgsdterns with site suggests pubertal
bone growth to be a key factor in osteosarcomaendifferent biological pathways,

which may be unrelated to growth, could also beuaht for Ewing sarcoma.

Abstract

Background- Nearly 6% of malignant tumours in teenagersyaahg adults (TYA)
aged 15 to 24 years are bone tumours, althoughabeiribution to cancer-related
mortality is disproportionately higher in this ag@up. Studies suggest a link between
osteosarcoma and Ewing sarcoma and puberty althbedhiological pathways have not
yet been fully elucidated.

Methods- Using the national cancer registration dateéHiegland, we have analysed
incidence patterns and analysed variation with age, morphology and site.

Results- During the period 1979 through 2003, 1185 bamedurs (12.9% of all bone
tumours) were registered in TYA. Nearly 85% of thegre osteosarcoma and Ewing

sarcoma both of which peak in adolescence. The ipeadence of osteosarcoma of the
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long bones of the lower limb more than six timegda than that at any other site. In
contrast, peak incidence of Ewing sarcomas locatéite central axis exceeded those in
the long bones of the lower limb. Less than 10%afe tumours in TYA were
chondrosarcomas and the incidence was highesefdrat axis chondrosarcomas
followed by those in the long bones of the lowerti

Conclusions- These patterns suggest that puberty plays arrdihe development of
osteosarcoma and Ewing sarcoma but not chondrasarddariation in these patterns
with site suggests pubertal bone growth to be af&etpr in osteosarcoma while different
biological pathways which may be unrelated to bgimoevth could also be relevant for

Ewing sarcoma.

Keywords

Bone Neoplasms; Osteosarcoma; Ewing Sarcoma; Cbsarioma; Incidence;

Longitudinal Trends; Adolescents; Young Adults; Emgl
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I ntroduction

In England, only 0.2% of all primary cancers (exithg non-melanoma skin
cancers) arise in bortiddowever, the proportion varies with age and i®8iB children
aged 0 to 14 years of age and 5.7% in teenagergaaumd adults (TYA) aged 15 to 24
years.™ Bone tumours contribute disproportionately to earrelated mortality in TYA
and are third only to leukaemias and central nes\system tumours.

Overall, osteosarcoma is the most common primatigmant tumour of the bone
(35%) followed by chondrosarcoma (25%) and Ewinmgaaa (16%}. Other rare
tumour types each comprise less than 10%. Ostemsarand Ewing sarcoma have a
peak in incidence in adolescence while chondrosaads seen mainly at an older age.
Clinical studies show that long bones of the lolmab and pelvic bones are the most
common site of occurrence of these tumd@uFaere is however little information on the
variation in site distribution of these tumoursdge. The published literature is similarly
deficient in population-based data on the variatioage-incidence patterns of these
tumours by sité.

We present here detailed incidence patterns andgr®r osteosarcomas, Ewing
sarcomas, chondrosarcomas and other tumours bbtieeacross all ages for the whole
of England during the period 1979 through 2003 gibilgh quality national cancer
registration data. Elucidating the variation of @ggdence patterns of these tumours
with site will assist in understanding the possdx¢iological relationship between
critical periods of growth and age of onset forreatthese tumours and at different site
groups. Such information will be valuable in theext of the suggested link between

growth and bone tumoufs.
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M ethods
Sour ce of Data

Anonymised, national cancer registration data fogl&nd on individual patients
of all ages newly diagnosed between 1979 and 2@98 wbtained from the Office for
National Statistics (ONS). Information suppliedluded year of diagnosis, age at
diagnosis, sex of patient, primary site code, molpgy code and behaviour code.

National population estimates by single year of ag& and calendar year were
supplied by the Population Estimates Unit, ONS. daiimid-year estimates of
population in England are based on census dat#hrgeith information on births,
deaths and migratioff.
Categorisation of Tumours

Malignant bone tumours were selected from the eatdsiese were grouped by
histology based on the International Classificatb®iseases for Oncology'and 2
edition (ICD-O1 and ICD-O2) morphology code¥into osteosarcomas (morphology
codes 9180-9190), Ewing sarcoma (9260, 9362, 947@)9 chondrosarcomas (9220-
9240) and others. Extra-skeletal Ewing sarcomascasee also includetiThis is in
recognition of the presence of the comnedS'Fli-l fusion gene in these tumours and
difficulties in ascertaining whether some tumouwes aising in bone and invading soft
tissue or vice versa®?

For analysis by site, two major groups were defined
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1. Bone (International Classification of Diseasesr@tfision (ICD-9) site codé$
170.0-170.9 and International Classification ofdaises 10th revision (ICD-10) site
codes® C40.0-C41.9). These were further sub-classifitd $ix site sub-groups:

a. Long bones of the lower limb (ICD-9 site codes ¥7énd ICD-10 site codes
C40.2)

b. Scapula and long bones of the upper limb (ICD-® siide 170.4 and ICD-10 site
code C40.0)

c. Short bones of the upper and lower limb (ICD-9 sadde 170.5, 170.8 and ICD-
10 site code C40.1, C40.3)

d. Bones of cranium and face including mandible (ICBit@ code 170.0, 170.1 and
ICD-10 site code C41.0, C41.1)

e. Bones of central axis including vertebral colunmteysum, clavicle, pelvic bones,
sacrum and coccyx (ICD-9 site code 170.2, 170.8,6l@nd ICD-10 site code
C41.2-C41.4), and

f. Unspecified site (ICD-9 site code 170.9, 195.0-89%99.0-199.2 and ICD-10
site code C40.8, C40.9, C41.8, C41.9, C76.0-7638,@

2. Extra-skeletal (ICD-9 site code 140.0-165.9, 1719@-9 and ICD-10 site code
C00.0-C39.9, C43.0-C75.9)

Statistical M ethods

Age, sex, site and histology-specific incidencesatere calculated and
expressed per million person years. All rates vegljasted to the world standard

population using direct method$SPSS and Microsoft Excel were used for analyZieg t

data and producing tables and graphs.
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Results

During the period 1979 through 2003, 9146 boneounswere registered in
England in persons aged 0 to 84 years and the lbageadjusted incidence rate was
7.19 per million person years. The population cedeequated to 1.18 billion person
years. Osteosarcoma was the most common primaigmaat tumour of the bone with
3124 cases (34.2%) followed by chondrosarcoma 2486 cases (27.2%), Ewing
sarcoma with 1764 cases (19.3%) and 1773 (19.4%@ atber bone tumours (chordoma
4.4%, giant cell tumour 2.0%, other specified 0.8% unspecified 12.7%). Sex-specific
age-adjusted incidence rates for these tumourshemen in Table I.

18.64% of Ewing sarcomas were of extraskeletalosdile this proportion was
much smaller for osteosarcoma (0.3%) and chondrosa (4.4%). The most common
extraskeletal sites for each of these bone tumears: breast for osteosarcoma;
connective tissue (mainly lower limb and pelvigsal cavity and larynx for
chondrosarcoma; and connective tissue (mainly ldwdr and thorax) for Ewing
sarcoma.

There was variation in the distribution of bone twrs by age (Figure 1). Ewing
sarcoma was most common in those aged 0 to 9 yales osteosarcoma was the
predominant bone tumour at ages 10 to 29 yearsadPbsarcoma was the most common
bone tumour at ages of 30 years and above. 1535thamours (16.3% of all bone
tumours) were seen in children aged 0 to 14 yaaidlze relative proportion of
osteosarcoma, Ewing sarcoma and chondrosarcoma6én@, 44.3% and 2.5%

respectively. 1185 bone tumours (12.9%) were sediYA aged 15 to 24 years and the
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relative proportions of osteosarcoma, Ewing sarcanthchondrosarcoma in this age
group were 50.7%, 33.8% and 8.0% respectively.

Osteosarcoma and Ewing sarcoma showed distincspedakcidence at 10 to 14
years of age in females and at 15 to 19 yearseframales with the incidence peak
greater in males (Figure 2). Osteosarcoma alsostt@second but smaller peak of
incidence at older ages. The incidence of chondcosaa and other bone tumours
increased steadily with age with the incidencehgljghigher in males.

Incidence Patterns by site

Figure 3 to 5 show age-incidence patterns of sst®oma, Ewing sarcoma and
chondrosarcoma for the six site sub-groups of la@neell as those with extraskeletal
location. Osteosarcoma at all sites (except thosstéd in the cranial and facial bones)
showed an initial incidence peak at 15 to 19 yeéegye with the peak of osteosarcoma
of the long bones of the lower limb more than sixets larger than that at any other site
in this age group. Osteosarcoma at all sites hathmim incidence at 45 to 54 years of
age with increasing rates thereafter. In the addgr groups the incidence of
osteosarcoma at the central axis matched thaedbtig bones of the lower limb.

The peak incidence of Ewing sarcoma at all sites lveaween 10 to 19 years of
age, and peak incidence of Ewing sarcomas locat#tkicentral axis exceeded those in
the long bones of the lower limb. Subsequentlydance rates declined and were very
low after the age of 34 years and close to zery &t years of age. The incidence of
chondrosarcoma at all sites did not show an adetegeak, but steadily increased with
age. The incidence was highest for central aximdtasarcomas followed by those in the

long bones of the lower limb.
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Longitudinal incidence trends

For the period 1979 to 2003, the incidence ofastecoma and chondrosarcoma
was stable (Figure 6). The incidence of Ewing sawx@avas stable until the mid-1990s
before rising sharply and remaining stable at aérgate over the most recent period of
analysis. The increase in incidence of Ewing saectwoated in extraskeletal sites was
responsible for the overall increase in incideriéigure 7). The incidence of Ewing

sarcoma of bone remained stable throughout thegheri

Discussion

This analysis of 9146 primary malignant bone tura@across the whole of
England from 1979 through 2003 is to date the sitayigest reported population-based
study of these tumours. Overall eight out of tampary malignant bone tumours are
osteosarcomas, chondrosarcoma or Ewing sarconmashamelative frequency of these
tumours seen in our study is similar to that regibih previous smaller population- and
hospital-based seri8<:*

Longitudinal trends over the 25 year period oflgsia show a stable incidence of
Ewing sarcoma of the bone, osteosarcoma and chesrdama. The step increase in
incidence of Ewing sarcoma at extraskeletal sgé&kely to be related to improved
diagnosis. Advances in diagnostics, including idieation of the t(11;22) chromosomal
translocation and characterisatiorEd¥S-FLI1 gene fusion€*®leading to their more
accurate categorization could be responsible feriticrease?

The peak of incidence of osteosarcoma and Ewirgpsa in adolescence, which

is larger and later in adolescent males than fesnal@nts to a link with puberty. Despite
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this similarity, marked variations by primary sitetween the two tumours may provide
clues to the critical pathways in tumourigenestse @dolescent incidence peak of Ewing
sarcoma of bone is seen at all sites but the incelpeak of tumours of the central axis
exceeds that in long bones of the lower limb. Patern broadly correlates with the
structure of the adult human skeleton, which bygiveat 29 to 39 years of age, is made
up of bones of the central axis (29%), long borfab@lower limb (25%), skull and

facial bones (21%), long bones of the upper lin##4), and short bones of the upper and
lower limbs (9%)"° Although such data, which are obtained from swidie skeletal
samples either prepared in anatomy laboratorieleaved from cemeteries, are not
available for children or adolescents, we know fitenratio of sitting height and leg
length that children and adolescents will havergeaproportion of bones of the central
axis, skull and face in comparison to long bonetheflower limb*

In contrast to Ewing sarcoma, tumours of the loagds of upper and lower limb
are markedly over-represented in the adolescelit gfeasteosarcoma. These are the
bones which have the greatest increase in lengthgithe pubertal growth spurt as a
result of growth of cartilage at the epiphyseatglas well as endochondral ossification
of this cartilage. These observations suggestiba¢ growth during puberty may be one
key step in the evolution of an osteosarcoma Ealither indirect evidence of the
importance of bone growth is provided from a repdrssociation of greater height at
diagnosis among patients with osteosarcoma whistrasger and more consistent in
comparison to Ewing sarcorfid®*2*

While the link between pubertal growth and osteasaa onset has biological

plausibility, its basis has still not been deteradinPubertal growth mediators,

91



particularly IGF-£>?°and sex steroids?are candidates of interest but their role may be
in the promotion rather than initiation of tumowgesis. Our current level of knowledge
is also insufficient to comment on the significaé@ntenatal and childhood extrinsic
and intrinsic exposures and growth patterns oméwelopment of these bone tumours.
Evolution of a malignant cell is a multi-step presand preceding pre-malignant
changes might occur during other periods of rapoivth, e.g. in foetal life, during
infancy and/or during the mid-childhood growth gpur

The adolescent incidence peak of Ewing sarcomainsnsaexplained. Unlike
osteosarcoma, bone growth during puberty would lessalikely major mechanism. If
one considers the primitive tissue of origin osttumour and the nearly zero incidence
in older adults, it has similarities with the emtimgal tumours of childhood although the
incidence peak in Ewing sarcoma is later thantienmt. The striking racial variation in
the distribution of this tumofit, and reported associations with congenital hethieib
anomalie?’, low birth weight® and parental occupation in agriculture duringpbe-
conception periotf suggest a stronger prenatal component to thel@aggiof Ewing’s
sarcoma.

Less than 10% of bone tumours in TYA at ages 1B4tgears in our analysis
were chondrosarcoma. Of the 146 chondrosarcomassiage group, 31.5% were in
long bones of the lower limb and 28.8% in bonethefcentral axis. This is different to
the overall distribution of chondrosarcomas whiogh most common in bones of the
central axis. This age-related difference couldibe to chance (because of relatively
small number of cases) or from misclassificatioludndroblastic osteosarcoma, which

have peak incidence in adolescence and can beutiffo distinguish from
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chondrosarcom& However, if this age-related difference is tri tole of genetic
susceptibility in tumours in this age group mustbasidered as TYA are not likely to
have had the same length of lifestyle-related exygsscompared to older people.
Patients who develop chondrosarcoma secondaryctmadromas (seen in syndromes
like Ollier disease and Maffucci syndrome) are galie younger than those with
primary chondrosarconta.Clinical series of chondrosarcomas in children ymehg
people have not shown a particularly high proportté chondrosarcomas secondary to
these syndromes:*%Additionally, a range of cytogenetic changes haserbseen in
chondrosarcoma but there is no description of Ipighetrance mutations in those with
chondrosarcomas at a younger &ge.

In summary, incidence patterns of osteosarcomdandg sarcoma during
adolescence point towards a link with puberty. Vagation in these patterns with site
suggests pubertal bone growth to be a key factosi@osarcoma while different
biological pathways which may be unrelated to groeduld be relevant for Ewing
sarcoma. Chondrosarcoma is relatively infrequefitYA and it is yet not established
whether chondrosarcomas in this age group are mypittegically and genetically

different from those which develop in older adults.
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Table |

Overall, Sex- and Site-Specific IncideRaes (in Million Person Years) for Osteosarconvaing Sarcoma and

Chondrosarcoma at Ages 0 to 84 Years in England? 192003

TUMOUR Osteosarcoma Ewing Sarcoma Chondrosarcoma

SITE Age-Adjusted Incidence Age-Adjusted Incidence Age-Adjusted I ncidence
Total Number Total Male | Female | Total Number Total Male | Female | Total Number Total Male | Female

Overall 3124 265 | 3.06 | 2.26 1764 184 | 206 | 1.61 2485 156 | 1.86 | 1.27
Bone 3083 2.62 3.03 2.24 1352 1.44 1.65 1.22 2316 1.45 1.73 1.17
Skull & Face 179 0.12 0.14 0.11 41 0.04 0.07 0.02 192 0.13 0.12 0.15

Central Axis 487 0.31 0.33 0.3 505 0.53 0.58 0.48 833 0.52 0.66 0.37

Short Bones 85 0.07 0.09 0.05 61 0.07 0.07 0.06 234 0.14 0.16 0.11

Long Bones Upper Limk 354 0.3 0.35 0.25 163 0.18 0.21 0.15 266 0.17 0.21 0.13
Long Bones Lower Limb 1745 1.66 1.93 1.39 413 0.44 0.52 0.37 531 0.34 0.4 0.28
Unspecified 263 0.18 0.21 0.15 257 0.26 0.29 0.23 319 0.19 0.23 0.17
Extraskeletal 11 001 | 001 | 0.01 324 031 | 0.32 0.3 110 007 | 009 | 0.06
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Figure 1

Age Related Variation in the ProportiorOstteosarcoma, Ewing Sarcoma and

Chondrosacoma
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Figure 2 Age-Specific Incidence Rate Patterns ¢é@sarcoma, Ewing Sarcoma and

Chondrosacoma in Males and Females in England, tt9Z903
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Figure 3 Age- and Site-Specific Incidence Ratedpast of Osteosarcoma in England, 1979

to 2003
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Figure 4 Age- and Site-Specific Incidence Ratedpast of Ewing Sarcoma in England,

1979 to 2003
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Figure 5 Age- and Site-Specific Incidence Ratedpast of Chondrosarcoma in England,

1979 to 2003
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Figure 6

Trends in Age-Standardised Incidence R#t&steosarcoma, Ewing Sarcoma

and Chondrosacoma in England, 1979 to 2003
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Figure 7 Trends in Age-Standardised Incidence R&t&sving Sarcomas of Bone and

Extraskeletal Sites in England, 1979 to 2003
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6.6 Relationship between height at diagnosis and bone tumoursin young people: A
meta-analysis
Arora RS, Kontopantelis E, Alston RD, Eden TO, GeM, Birch JM
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Abstract

Objective - Some evidence exists that patients with osteosaa and Ewing sarcoma are
taller than the general population. However, presistudies are under-powered, lack
comprehensive data and show inconsistencies.

M ethods - Random-effects meta-analyses were undertakédeotified studies linking
osteosarcoma and Ewing sarcoma with height at degnOutcomes in individual
studies were reported as standard deviation (Sgs®r percentages of study
population with height at diagnosis above the mediahe reference population. A
separate meta-analysis for each outcome and tutyypeiwvas performed.

Results — 14 studies examined the height of patients wsteosarcoma or Ewing
sarcoma. Meta-analyses on SD scores found patigtfit®steosarcoma were 0.260 SD
(95%CI: 0.088-0.432) taller than the reference pefpan (five studies). A meta-analysis
on percentages found 62% (95%CI: 57%-67%) of pttieere estimated to have a
height above the median (six studies).Patients Biting sarcoma were 0.096 SD
(95%CI 0.004-0.188) taller (four studies). Only @wailable Ewing sarcoma study
reported percentages and a meta-analysis was ssibjm

Conclusion - The average height of patients with osteosaromagsignificantly above
the average height of the reference population.a8seciation of greater height with

Ewing sarcoma was also significant but much weaker.
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Osteosarcoma, Ewing Sarcoma, Growth, Body HeiglktaMnalysis
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Introduction

Osteosarcoma and Ewing sarcoma are the two moshoammalignant bone
tumours in children, teenagers and young adultd 8ge 24 years? Relatively little is
known about the aetiology of these tumours. Lean 0% of all osteosarcoma cases can
be attributed to well-recognised risk factors inithg ionising radiation, chemotherapy,
cancer predisposition syndromes, Paget’'s diseasélanus dysplasia. Even less is
known about the causation of Ewing sarcoma alth@sglociations have been seen with
parental occupation related to agriculture and withgenital herniasThe biological
basis of these associations remains to be explained

An interesting link seems to exist between growtaticularly in adolescence,
and both osteosarcoma and Ewing sarcoma. In 195800 suggested that a particular
bone tumour of a given cell type usually arosénmfield where the homologous cells
were most active and so osteosarcoma arose ingtaphysis which had abundant
osteoclasts whereas round cell tumours (Ewing saagaevelop in the bone-free
marrow cavity of the mid-shaft (diaphysfsffurther studies on human and canine
osteosarcoma suggested a link between growth andreace of these tumout$ Price
observed that there was an overall preponderangstebsarcoma in males, with the
mean age of occurrence later than in femalBsere was also a predilection of
osteosarcoma for long bones of the lower limb thlhnmean age of occurrence later than
osteosarcoma in the upper arm. In dogs, where sateama is 40 to 50 times more
common than in humarisan increasing risk of osteosarcoma had been sigen w
increasing weight and increasing height of the wbigch was present even after adjusting

for the breed siz&2Exploring this link further, Fraumeni in 1967 shalw®at human
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males and females with osteosarcoma (and Ewingsardto a lesser degree) were
significantly taller at diagnosis than contrdlSubsequently several other studies have
yielded conflicting result$>*2

The aim of this study is to explore the strengtlasgociation between height at
diagnosis and onset of osteosarcoma and Ewingrearc®pecific objectives are to

identify relevant studies and to perform a metayammmwhere feasible. By these means

we aim to identify areas for future research.

Materialsand M ethods

A comprehensive literature search of Medline (1&5R009) was undertaken
with no language restriction. Search strategy idetlicombining keywords
“osteosarcoma”, “Ewing sarcoma”, “bone neoplasrfepjdemiology”, “risk factors”,
“aetiology” and “genetics”. There was further emgikaon the literature exploring links
between growth and development of osteosarcom&amnty sarcoma by combining
keywords “growth”, “height”, “length”, “stature”,rad “puberty”. Reference lists of
relevant studies were also searched for additistalies.

Identified relevant studies were critically appeaisand data on outcomes relating
to an association with height at diagnosis wereaeitd. Three categories of outcome
data were identified:

1. Mean standard deviation score (SDS) of heightagrisis in the study population,

2. Percentage of study population with height at disggnabove the median,

3. Other (e.g. mean height of study population ancoattrol population)
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Random-effects meta-analyses were undertaken tisgnigestricted Maximum
Likelihood method (REMLY if there were adequate number of studies withautes
reported in the first two categories specified abdresults were displayed by using
forest plots:* Each study is represented by a block (the aréaedblock indicates the
weight assigned to that study) at the point esgnofigrouped effect with a horizontal
line (depicting 95% confidence intervals) extendaither side of the block. The overall
estimate from the meta-analysis and its confidemeevals are put at the bottom,
represented as a diamond. The centre of the diamepmesents the pooled point
estimate, and its horizontal tips represent the 86#idence intervals.

The presence of heterogeneity was assessed byip-0Cochran’s Q on the
basis of inverse variance weights and its magniastienated using'f**> The between
study variancetau?, was also calculated as an estimate of the dedeeterogeneity®
The number of studies included in our meta-analfaié=d to reach the threshold used in

standard methods for assessing publicatior' bias

Results

A total of 14 relevant studies were identified (Teah. Of these six included
patients with osteosarcoma and Ewing sarcomajusikes with osteosarcoma only, and
two studies with Ewing sarcoma only. For ten ofthetudies, it was feasible to extract
the data required for inclusion in a meta-analysis.the other four, the results have been
summarised in Table II.

Meta-analysis for Osteosarcoma
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Five studies reported their results using mean 8D 8eight at diagnosis in
osteosarcoma study populations and were includétkifirst meta-analysis (Figure 1).
In this analysis, patients with osteosarcoma wstienated to be 0.260 standard
deviations (95%CI: 0.088 to 0.432) taller thanriskerence population (heterogeneity
12=83%,tau’=0.03). Six studies used the second category about data (percentage of
study population with height at diagnosis belowlabthe median) to report results on
osteosarcoma which were included in the second-aredbysis (Figure 2). 62% (95%CI:
57% to 67%) of patients with osteosarcoma werenaséid to have a height above the
median for the reference population (heterogen&it9%,tau’=0.006). Longhi et af
reported outcomes for both the above categoriesankese were included in each of the
meta-analyses.

Meta-analysis for Ewing sarcoma

Four studies on Ewing sarcoma study populationsrteg results under the first
category of outcome data (mean SDS of height gindisis in the study population).
These were included in the third meta-analysisuif@@). Patients with Ewing sarcoma
were estimated to be 0.096 standard deviations Q%004 to 0.188) taller than the
reference population (heterogeneityd%, tau’=0). Since the REML estimatéau® to be
zero, the method was reduced to a fixed-effectsommh. Therefore, we conducted a
sensitivity analysis with the widely used DerSinamiaird (DL) methotf and
estimated patients to be 0.112 standard deviatalles than the reference population.
However, the effect was not significant (95%CI Z8Qo 0.252). Heterogeneity with the

DL method was not estimated to be negligibfe4B%,tau’=0.009.
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There was only one stutlfor the second category of outcome data (percertfg
study population with height at diagnosis belowkabthe median) which showed that
61% of the patients with Ewing sarcoma were tahan the median.

Discussion

The epidemiological observation of peak incidenfcesteosarcoma and Ewing
sarcoma at 15 to 19 years of age in males and 10 years of age in females, along with
the suggested link of tall stature with these turaauould imply that growth, and in
particular pubertal growth, plays a critical rabetumourigenesis. Since Fraumeni’'s
initial report? several other studies, which have subsequentkebbat the association,
have yielded conflicting result§:*21°?®This is partly because of methodological
limitations including small study samples, sub-oyati data collection methods (parental
recall of height at diagnosis on telephone intevgjeand lack of uniformity in reporting
results. This meta-analysis is an opportunity tdeseontroversies arising from
conflicting results.

We found that the average height of patients wile@sarcoma was significantly
above the average height of the reference popuolatiometa-analysis using either of the
outcome data categories. In all ten studies, tla pstimate of effect is in favour of
greater height, and in seven out of the ten stuthes95% confidence intervals imply
statistical significance, which suggests the preseafi a strong and consistent
association. Moreover, the magnitude of the esehaffect from the meta-analysis of
percentage of study population with height at desgsm above the median SD scores

(62%) is similar to the magnitude of the estimagéfdct from the meta-analysis of SD
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scores (0.26 SD which would equate to 60% studyladipon having height at diagnosis
above the median).

Although the average height of patients with Ewsagcoma was also found to be
significantly above that of the reference populatithe magnitude of the estimated effect
was smaller. However, the finding was not verifilgdour sensitivity analysis with the
DL method®® Although the effect estimate was similar in sizeyas found not to be
significant at the 95% level. Both methods (REMILD&) provide very wide confidence
intervals for the effect estimate which reflect #imeall numbers of patients in the
included studies. Finally, three other publishedigs (Table 1l) do not show a
significant association of height at diagnosis vidthing sarcoma, highlighting the
inconsistent and weak association.

These observations lead to two key questions. \lbes having a greater height
at diagnosis than the reference population sigmiy@ why is this association much
stronger with osteosarcoma in comparison to Ewargasna? During adolescence (when
the incidence of these tumours peak), the heighfusction of childhood growth and
pubertal growth spurt. Is the above-average heigbsteosarcoma patients due to taller
children with normal pubertal growth spurt, or toldren of average height but with a
faster/greater pubertal growth spurt, or to a covatbon of the two? Rapid bone growth
during adolescence may create a vulnerable perimhwells are more likely to become
transformed into overt malignancy. However, evalntof a malignant cell is a multi-step
process and preceding pre-malignant changes might aluring other periods of rapid
growth, e.g. in foetal life, during infancy andfturing the mid-childhood growth spurt.

The challenge is to try to identify intrinsic (e.gormonal and genetic) factors and
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extrinsic environmental factors (e.g.. virusest,dpysical exercise, toxic chemicals,
radiation) which bring about changes in targetscellentually leading to cancer
formation.

The variation in the magnitude of association aéosarcoma and Ewing
sarcoma with height at diagnosis is not surprisuhgn one considers the anatomical
distribution of these tumours, both of which pealdolescence. In our recent analyses
of population-based data of 9424 primary bone tusitrom England diagnosed during
the period 1979 to 2003, we show that Ewing saesoai the central axis (vertebral
column, ribs, sternum, clavicle, pelvic bones, sacand coccyx) and long bones of the
lower limb have nearly equal incidence peaks (Ardral, in preparation). This pattern
broadly co-relates with the structure of the atiultnan skeleton, which at 29 to 39 years
of age, is made up of bones of the central axi%)2%ng bones of the lower limb
(25%), skull and facial bones (21%), long bonethefupper limb (15%), and short bones
of the upper and lower limbs (9%).

In contrast, peak incidence of osteosarcoma of bmges of the lower limb,
which is a metaphyseal tumour, is six times moaa tthat at any other site. These are the
bones which have the greatest increase in lengthglthe pubertal growth spurt as a
result of growth of cartilage at the epiphyseatglas well as endochondral ossification
of this cartilage. Further support for this argumsrprovided by the observation of
Cotterill et at* that those patients with femoral osteosarcoma werenly significantly
taller at diagnosis than the reference populatigralso taller than those with non-femur

osteosarcoma. Such an observation was not madé=witilg sarcoma.
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In summary, clinical observations and epidemiolabincidence patterns of
osteosarcoma in humans and animals suggest alinigrowth particularly to onset of
osteosarcoma. Our meta-analyses provide furthgrostifor this link. The lack of a
similar convincing association of height at diagaegith Ewing sarcoma, which also
peaks in adolescence, suggests that differentdic@bpathways involving puberty

which may be unrelated to growth could be relevant.
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Figure 1 Forest Plot of Osteosarcoma Studies wittt@ne Data Category of

Mean Standard Deviation Score of Height at Diagnosthe Study Population
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Effect sizes and Cls
Original weights (squares) displayed. Largest to smallest ratio: 1.59

Study Effect [95% Conf. Intervall] % Waight
Cotterill, 2004 0.200 0.082 0.318 23.09
Glasser, 1991 0.080 -0.175 0.335 16.49
Longhi, Z005 0.310 0.220 0.400 24.17
Pui, 1987 0.112 -0.051 0.275 21.01
Ruza, 2003 0.670 0.388 0.982 15.23
Overall effect (reml) 0.260 0.088 0.432 100.00
Heterogeneity Measures

value df p-value
Cochrane Q 15. 36 4 0.004
I% (%) B3.35
H® 5.01
tau® est(reml) 0.030
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Figure 2 Forest Plot of Osteosarcoma Studies wittt@ne Data Category of

Percentage of Study Population with Height at Désim Above the SDPercentile
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Study Effect [95% Conf. Interval] % Weight
Brostrom, 197% 2.154 1.716 2.593 4.98
Fraumeni, 19&7 1.842 1.630 2.053 15.82
Longhi, 2005 1.703 1.621 1.785 35.94
Operskalski, 1987 1.769 1.518 2.020 12 .45
Scranton, 19753 2.001 1.674 2.327 8.26
Troisi, 2006 1.842 1.685 1.998 22 .55
Overall effect (reml) 1.812 1.708 1.915 100.00
Heterogeneity Measures

valus df p-valus
Cochrane O 8.63 5 0.125
I= (%) 39.31
H® 0.65
tau® astireml) 0.006

Using the Freeman-Tukey arcsin method, reportetiygtercentages were transformed to effects and-ametysed. The overall

effect was back-transformed to percentage andalied along with the original study percentagehbeé plot
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Figure 3

Forest Plot of Ewing sarcoma Studies Witiicome Data Category of

Mean Standard Deviation Score of Height at Diagnosthe Study Population
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Study Effect [95% Conf. Intervall % Weight
Cotterill, 2004 0.090 -0.028 0.208 60.89
Glasser, 1991 0.090 -0.177 0.3587 11.85
Pui, 1%87 -0.008 -0.212 0.19%6 20.27
Ruza, 2003 0.460 0.113 0.807 7.00
Overall effect (reml) 0.096 0.004 0.188 100.00

Heterogenelity Measures

valus df p-value
Cochrane Q H.24 3 0.185
I (%) 0.00
H= 0.00
tau® estireml) 0.000
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Table 1

Summary of Studies Looking at Link betwelksight at Diagnosis and Osteosarcoma or Ewing $@co

Study ID Number of Cases Age Range Source of Cases & Controls Outcome Data Type
Brostrom 1980™ 19 - Osteosarcoma _25years | Cases from Swedish cancer registry. Percentage with height at diagnosis below/above the
Sweden No controls. 50th percentile (Reference population — Swedish
childhood growth standards)

Buckley 1998°° 152 - Osteosarcoma| <21 years | Cases registered on Children’s Canceang;database. Mean height of cases and controls
USA & Canada 153 - Ewing Sarcomg Controls identified by random digit telephone dradl matched

by age and race.
Cotterill 2004™ 364 - Osteosarcoma| <40 years | Cases on national bone tumour studies. Mean SDS of height at diagnosis (Reference populati
UK 356 - Ewing Sarcoma No controls. — UK national childhood growth standards)
Fraumeni 1967° 85 - Osteosarcoma <18 years | Cases at Children’s Hospital Medical feeait Boston. Percentage with height at diagnosis below/above the
USA 82 - Ewing Sarcoma Controls were children <18 years with primary caratber 50th percentile (Reference population — Control

than osseous cancer in same centre during sanoa peri population in study)
Gelberg1997+ 91 - Osteosarcoma _25years | New York State cancer registry (excludiegv York city). P-value for trend of height for cases and controls
USA Controls were randomly selected from live birtharets from

the same area and were matched for sex and yéathof
Glasser 19917 68 - Osteosarcoma <15years | Cases at Memorial Sloan-Kettering Ca@eatre at New York] Mean SDS of height at diagnosis (Reference popuati
USA 54 - Ewing Sarcoma No controls. — USA childhood growth standards from NCHS)
Holly 19927 43 - Ewing Sarcoma| _ 81 years | Cases from San Francisco Bay Area caegistry. P-value for mean height for cases and controls
USA Controls identified by random digit telephone drajl matched

by sex and age.
L onghi 2005™ 567 - Osteosarcoma Femald & | Cases at Istituti Ortopedici Rizzoli at Bologna. Mean SDS of height at diagnosis, AND
Italy years, Male | No controls. Percentage with height at diagnosis below/above the

< 18 years

50th percentile (Reference population — Italiandttood




growth standards)

Oper skalski 1987% 60 - Osteosarcoma _25years | Cases from Los Angeles County cancestrggi Percentage with height at diagnosis below/above the

USA 2 controls from friends/neighbours whose biologitathers 50th percentile (Reference population — USA chitatho
spoke English matched by sex, race and birth ye@ryears). | growth standards from NCHS)

Pendergrass 1984~ | 291 - Ewing Sarcom4 _ &8 years | Cases on Intergroup sarcoma study. Mean difference and P-value for mean height foesas

USA No controls. and reference population (Reference population A US

childhood growth standards from NCHS)

Pui 1987™° 150 - Osteosarcoma| <18 years | Cases at St. Jude Children’s Researgpitillos Mean SDS of height at diagnosis (Reference populati

USA 113 - Ewing Sarcoma No Controls. — USA childhood growth standards from NCHS)

Ruza 2003°° 58 - Osteosarcoma <18 years | Cases at University Clinic of Navaraahplona. Mean SDS of height at diagnosis (Reference popuati

Spain 36 - Ewing Sarcoma No controls. — Spanish childhood growth standards)

Scranton 1975 35 - Osteosarcoma _ K8 years | Cases at Children’s Hospital & Presbgtetiniversity Hospital Percentage with height at diagnosis below/above the

USA at Pittsburgh. 50th percentile (Reference population — USA chitztho
No controls. growth standards)

Trois 2006%° 156 - Osteosarcoma| _ 40 years | Cases at orthopaedic departments in 20nuislical centres. | Percentage with height at diagnosis below/above the

USA

Controls were patients in same department withdrebhbne

tumours or non-neoplastic conditions who were neddby age,

sex, hospital and postal code

50th percentile (Reference population — USA chitztho
growth standards from NCHS)

SDS - Standard deviation scores, NCHS — Nationatr€dor Health Statistics

127



Table Il

Summary Results of the Studies not InatLitkethe Meta-Analysis

Study 1D

Tumour Type

Findings

Comments

Buckley 1998%°

Osteosarcoma

152 cases, 152 controls. Mean height of casesghdsis and controls was not significantly

different in males (p=0.43) or females (p=0.73)

Ewing Sarcoma

153 cases, 153 controls. Mean height of casesghdsis and controls was not significantly

different in males (p=0.87) or females (p=0.96)

Data collected by parental interview of case
and controls via telephone and thus depend

on parental recall.

91 cases, 106 controls. A significant associatfoosteosarcoma with increasing height one

year before diagnosis was observed (p=0.01) whenaddlected from all sources was

Data collected on height one year prior to

diagnosis from school records, medical

Gelberg1997%* Osteosarcoma
included. The association showed borderline sigaifce when heights obtained only from | records, and parental (or subject’s iL&
records were included (p=0.08). years age) interview
43 cases, 193 controls. Mean height of cases ghdsis and controls was not significantly | Data collected by parental interview of case
Holly 1992%® Ewing Sarcoma
different in males (p=0.24) or females (p=0.81) and controls in person or on telephone.
291 cases, no controls. No significant differentmag male cases and reference population iData collected from the Intergroup Ewing’s
Pendergrass1984”° | Ewing Sarcoma | mean heights (p=0.69) or distribution by percergileups (p=0.12). Female cases had a loweBarcoma study records

mean height of borderline significance (p=0.06) distribution by percentile group (p=0.08)
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7. Summary discussion of papers1to 6

Adult-onset cancer arises as a result of sau@atessive alterations to specific
genes mainly in somatic cells, but may be also segermline cells leading to
inherited or familial cancers. This multi-step pges of sequential alterations in
several different genes happens over time andporesible for the well-recognised
pattern of increasing incidence of cancer overdéliage. The transformation of a
normal cell into a malignant cell is usually a cemsence of prolonged exposure to
endogenous and exogenous carcinogens modifieddbydoal susceptibility to
cancer resulting from genetic polymorphisms or ificgmt germline mutations.
Worldwide 20% of cancers are considered to be &ssocwith infection whilst
environmental exposure to tobacco accounts for 8D&ancers in the developed
world [1].

Unlike cancer in adults, children with cancer haweelived long enough to
sustain long periods of exposure to exogenous agart very little is known about the
aetiology in this age group. Overall only about 6f4ll childhood cancers can be
attributed to cancer predisposition syndromes [E@t.many diagnostic groups, the
occurrence of the highest incidence at an earlythgeprimitive cell type of origin and
the association with congenital malformations sjigisuggest that many childhood
cancers originate in utero [12,17,49]. Exposuresdwconception, embryonal or foetal
life may initiate genetic changes and increasestiseeptibility of later overt cancer
during childhood.

Little is known about the aetiology of canceraenagers and young adults
(TYA). As this age group bridges the period betweleildhood and adulthood, it is
logical to consider that congenital factors as \@elenvironmental exposures preceding

development of cancer might play a role. Genetscaptibility is likely to play a
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greater role in TYA cancers compared to older adiollowing carcinogenic exposures
due to the short period available for exposure.

The objective of this thesis was to gain a betteterstanding of the aetiology
of cancer in TYA by describing in detail the inambe patterns. To achieve this, | used
different strategies and focussed on some speaficers. Epidemiological description
of the distribution of cancer and the identificatiof groups of individuals at different
risk for development of cancer (as done in thisiby geographical areas, age
groups, primary sites and time periods) providesdoaformation that is required to
test hypotheses concerning the causes of cantesiage.

Based on my observations, cancers in TYA can Wdeti into three main
groups. Firstly, there are cancers such as pilo@agirocytoma and medulloblastoma,
which have a peak incidence in early childhood tedT YA cases represent the tail
end of the age distribution. There is some evidéoseiggest that this tail results from
underlying genetic variations with the tumours. Miablastoma diagnosed in older
children, adolescents and young adults may be fmegeently associated with the
germline mutations of APC gene, while pilocyticrasytoma in persons older than 15
years has significantly more gain of whole chronmoss in contrast to younger
children [50,51].

Secondly, for high grade gliomas, chondrosarcoamasepithelial cancers of
lung, breast, colo-rectum, ovary and oral cavityAldases represent the very
beginning of the large peaks of incidence seeheartth, 7th & 8th decades of life.
Again, there is evidence to suggest that TYA whihse cancers may have a
predisposing genotype. In individuals with germelilP53 mutations, high grade
gliomas tend to arise at much earlier ages [52A3jigh proportion of predisposing

mutations in BRCAL, BRCA2 and TP53 is seen in earget breast cancer patients
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[15], and of MSH2 and MLH1 in early-onset colo-idatancer patients [16]. A range
of cytogenetic changes have been seen in chondorear but there is no description
of high-penetrance mutations in those with chorahmsmas at a younger age [54]
although they are seen in patients with germlinB3rfutations (JM Birch, personal
communication). Similarly, the spectrum of genehanges in young people with oral
cancer is not different from that of older aduétshough there is a paucity of studies
focussed at younger cohorts [55].

While genetic predisposition is clearly relevargcessary environmental
exposures remain essential in the evolution ot#dreer. The contrasting analysis of
TYA cancers in England and India shows that cane@ish are known to have a high
incidence in older adults in the respective coest(epithelial cancers of lung, breast,
colo-rectum and ovary in England and of oral cantindia) are also higher in
incidence in the younger age groups. Inheritecetfices between populations could
play a role but this is not likely to be signific¢aince frequency of high-penetrance
mutations for some of the above cancers reportéatdian patients is similar to that
reported in Europe and USA [56,57]. Future migistatlies looking at incidence of
cancer in TYA in different ethnic groups in Englandl help in further understanding.

The final group of TYA cancers are those whichkp@ancidence in this age
group. This includes osteosarcoma, Ewing sarcordagamm cell tumours and hence
the focus on them in this thesis. The incidenceepat of bone sarcomas suggest that
puberty plays a role in the development of ostemmsaa and Ewing sarcoma but not
chondrosarcoma. Variation in these patterns withsiggests pubertal bone growth
to be a key factor in osteosarcoma while diffeteatogical pathways which may be
unrelated to bone growth could also be relevanEfeing sarcoma. Further evidence

for this is provided by my meta-analysis which skdhat the average height of
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patients with osteosarcoma is significantly abdwedverage height of the reference

population while there is a lack of a similar carmsing association in Ewing sarcoma.
GCT are a heterogeneous group of tumours. Irreispeat site, GCT show a

peak in incidence between ages of 10 to 39 yeatslaow similar genetic mutations

[58-60]. This suggests a common initiation of thesaours likely to be during

embryonal or foetal periods or early childhood. leer, the variation in peak

incidence by site (10 to 14 years in CNS, 15 tyd#&rs in ovarian, 25 to 29 in
mediastinum & thorax and abdomen & pelvis, andd384 years in testicular GCT)
suggests that progression of tumourigenesis isteffieby the local macro- and micro-
environment and events during the postnatal anénpailperiod.

The work done in this thesis follows on from theiah descriptions of cancer in

TYA over the last decade [8,10,61]. Based on theéespiological observations made

here, several hypotheses have been generated:-

1. Endogenous (hormones, growth factors) and exoge@owgonmental exposures,
diet) factors play a significant role in the initen and/or promotion of cancer in
TYA.

2. These factors may exert their effect in the prdraatd/or postnatal period.

3. For some TYA cancers, particularly those which espnt the tail end of childhood
cancers or those which have peak incidence in Tthéjnitiation of
tumourigenesis may be in embryonal and foetal life.

4. Puberty is an important period in the evolutiorsoime TYA cancers. The
pathogenesis may be a result of hormonal exposinesapid cell growth (e.g
pubertal growth spurt).

5. Genetic susceptibility could also play a role inA¥ho develop adult-onset

cancers.
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6. The proportion of TYA cancers attributed to canmedisposition syndromes is
likely to be small.

Future research in TYA cancers can address soitiesd questions by:-

1. Contrasting incidence patterns of TYA cancers angifigrent ethnic groups in
England as has been done for children and olddtsq@2,63]. This will help to
further elucidate the importance of environmendaltdrs over genetic factors in the
aetiology of specific cancers in this age group.

2. Undertaking multi-centre and multi-national studie® the aetiology and
molecular epidemiology of TYA cancers by collectrimical information and
biological samples for genetic analysis similap&st and current studies in
childhood cancer [64,65]. A pilot interview-baseddy on bone tumours in
children and young people is currently underwakmgland, details of which are in
the Appendix. This will be the forerunner of a nrajaulti-centre case-control
study.

3. Focussing on growth during foetal life, infancy araldhood in addition to
pubertal growth along with other internal and exéfactors possibly linked to

causation of osteosarcoma and Ewing sarcoma.

In summary, | have explored the epidemiology ofcesin TYA using some
of the established methodologies which have preslooeen used in advancing our
knowledge of childhood and older adult cancers. dlbeervations made in this thesis
have allowed formulation of several hypothesesndigg aetiology of cancer in this

age group which can be tested by further research.
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Pur pose of the Investigation

We aim to ascertain and recruit a population-baseadple of patients diagnosed up to 24 years of
age with osteosarcoma and Ewing sarcoma, interfaevilies, collect DNA samples and abstract
relevant medical records; in order to determinefélasibility of setting up a multi-centre,
international case-control study of aetiology. $fieaims of the pilot study are to:

1.

© ®

Assess the proportion of regional cases treatdtkatpecialist paediatric (age 0-14 years)
and teenage and young adult (age 15-24 years, To#s)logy units in Manchester and
Leeds.

Assess the recruitment, interview and DNA sampliection rates for cases, their mothers
and fathers.

Identify and resolve any difficulties in liaisingti clinic staff in the above specialist and
other units in approaching and recruiting families.

Assess and develop further the interview questibes@ncluding identifying questions
which present respondents with most difficulties.

Assess the consent rates to view and subsequatlahality of obstetric, neonatal and child
health records relating to index cases in relatoage of index (0-4,5-9,10-14,15-19,20-
24). Also assess the quality and completenesseafeitords.

Assess the accuracy of information reported atviges compared with that abstracted
from medical records.

Quantify the frequency of exposures of interegshanstudy population to assist with final
guestionnaire design and power calculations fostiEsequent main study.

Optimize biological sample collection processing atorage methodologies.

Analyse patterns of growth including adult heightparents, birthweights and heights in
childhood and adolescence in index cases compadteguopulation data and standard
growth charts.

10. Analyse familial cancer patterns in the intervievgadhple in relation to other factors of

interest (congenital anomalies, known genetic ghdrachronic conditions). Select
families for future analyses of candidate genespgsopriate.

Background

Cancer statistics for England are published anpigiithe Office for National Statistics (ONS)
London (1). The diagnostic classification appliedhiese figures is based on the International
Classification of Diseases (ICD) which groups casd® primary site (2). This is satisfactory in
general since 80% of all cancers are carcinomasiri@mas are rare in young people and
presentation of statistics by primary site givesisleading picture of cancers in the young.
Patterns of cancer incidence can provide insigtitspossible aetiological factors but to be
effective, descriptive studies must employ a diafjiealassification that relates to the cells and
tissues of origin of the respective cancers. Wesltexveloped such a scheme and applied this to
national data (3). The Birch classification schdras attracted international support and has
become the accepted vehicle for cancer incidenuzhbest in TYAS (4).
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We have conducted preliminary analyses of natioaater data, by morphological type across
all age groups (0-79 years) to identify cancer syywhich show peaks of incidence in the young.
Of particular interest were the age-incidence csifee individual types of bone tumours. Such
information is not retrievable from standard incide data since all bone tumours are presented
together. Osteosarcoma (OS) and Ewing sarcomag&®)int for over 90% of all bone tumours
in 0-24 year olds. The median age of diagnosi©férand ES across all ages is 22 years and 17
years respectively. In both OS and ES the main péaicidence occurs earlier in females than
males.

Much is known about aetiology of common cancemadults (5). Carcinoma of the lung is
mainly due to tobacco smoke. Breast carcinomanketl to hormonal and reproductive factors but
is also influenced by diet and lifestyle. Coloréci@cinoma is associated with a diet rich in fat,
refined carbohydrates and animal protein and atiife involving low physical activity. For these
cancers, clinical onset follows a prolonged penbdhronic exposure. It is clear in children and
TYAs, there has been no opportunity for such cloexposures. Therefore the mechanisms and
the risk factors themselves may differ in theirunator their proportional contribution to cancer in
these young people. It is likely that genetic spsbdity may play a greater role in this age range
than for cancers in older people (6).

Embryonal malignancies in young children have aata& origin. It is likely that all events
required for their onset occur before birth. Ip@ssible that while one or more events leading to
OS and ES occur prenatally, events which precpita onset of disease occur post-natally during
childhood and/or adolescence. These events may endogenously due to chance, or could be
mediated through environmental exposures e.g.es;usxic chemicals, leading to transformation
in a pre-malignant clone of cells which has a paigahorigin. Factors affecting growth and
development including diet, physical exercise agribsis illness may also influence the onset of
OS and ES in older children and TYAs.

Clinical studies show that the earlier peak of b$®S in girls, corresponds to their more
advanced skeletal age and earlier adolescent gipuitt, whereas the increased risk of OS among
boys may result from the larger bone volume formedng a longer growth period (7). OS has a
predilection for the metaphyseal portions of thestrapidly growing bones in adolescents; the
distal femur, proximal tibia and proximal humer8$. (Tumours of the humerus tend to occur at a
younger age than do tumours of the femur and tdmaesponding to the earlier growth spurt of
the humerus (7). Thus, the tumour appears to anost frequently at sites when the greatest
increase in length and size of bone occurs. WHeEbone also shows an incidence peak in
adolescence, which occurs earlier in girls tharsbtye primary site distribution is less well-
defined in terms of sites of maximal growth and éums of the vertebral column, ribs, sternum,
clavicle, pelvis, sacrum and coccyx are more comrBome evidence exists that adolescent
patients with OS and ES are taller than the gemenadilation (9,10) and OS patients may be
heavier at birth (11). However, these studies weer-powered and/or lacked comprehensive
data and there were inconsistencies. A small ptlady of OS reported case-control differences in
IGF2 receptor haplotype which may have functiongificance (12).

Descriptive studies including time trends, geogiegdhvariations in incidence, clustering and
ecological studies can provide pointers to possablelogical factors. Studies of childhood bone
tumours show stable incidence over time for OS14)3,For ES the Manchester Children’s
Tumour Registry (MCTR), which operates a systerspafcial diagnostic review, found stable
incidence (13) but there was a slight increasetional data (14) almost certainly due to
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increased recognition of ES with improved diagaoSpace-time clustering among cases of
specific disease is associated with an infecti@i®kogy. There was no evidence of space-time
clustering among cases of OS based on MCTR datadrak evidence of this in a national dataset
(15). There is little international variation ircidence of OS in children, but ES is virtually afise
from black populations (16).This observation mdstlyy has a genetic basis. In English national
data on TYAs stable incidence over time has beenddor both OS and ES (17). There were no
significant variations in incidence by socioeconomhéprivation and geographical region (18).

These small variations in incidence suggest thet@mmental factors play a minor role in
aetiology or exposures have been uniformly distewover time and geographically. However,
this does not exclude the possibility of the inwshent of environmental exposures in the onset of
bone tumours in young people. Children and adoigscat the stage of maximum growth, may be
more susceptible to such exposures than oldersadiie possibility that environmental agents
may target different organs and tissues in the gr@whild and adolescent, compared with mature
adults, should be considered. The role of genatitofs in modifying risks may be greater than in
older adults (6) and studies of aetiology shoutwiporate molecular analyses of polymorphisms
in genes controlling growth factors, immune respgoasd metabolism. In addition, it is well
known that a minority of bone sarcomas occur imeission with certain cancer predisposition
syndromes, including Li-Fraumeni syndrome (LFS) egtthoblastoma (19,20), but the
proportions of cases attributable to these mutatismincertain, particularly in TYAs.
Determination of the frequency of such high pemeteamutations is important, since the presence
of germline mutations has profound implicationsftdure clinical management, including genetic
counselling.

In conclusion, although little is known about aktgy, the striking age-incidence patterns of OS
and ES, the known genetic susceptibility in rargesaand the largely stable incidence patterns,
allow a set of hypotheses to be formulated. Boneoturs rank 8 and 4" for mortality (14,21) in
relation to other cancers, in children and TYAgezsively (14,21) and represent one of the most
important causes of death in the young. It is irapee that we make the effort to identify and
tackle causes of OS and ES leading to preventiomeder, one of the biggest challenges is the
rarity of these diseases. In order to achieve @efit statistical power, a multi-centre internatibn
study is required. A necessary first step is atgody to establish feasibility.

Objectives of the study

The objectives of the full-scale study are to ustierd the aetiology of bone sarcomas focusing
on genetic susceptibility, growth and developmbandughout childhood and adolescence as well
as aspects of molecular epidemiology including epagic profiles, DNA repair capacity and
mutation patterns. The main objectives of pilet study are to gather sufficient information on
young people with OS and ES to enable a protoedhi®full-scale study to be developed and to
formulate a testable set of hypotheses. The foligwiraft set of hypotheses have been formulated:

1. Factors associated with postnatal patterns of dgramftluence risk of developing OS and
ES.

2. An initiating event (or events) occurs earlier mldhood creating a pre-malignant clone
(or clones) in the target tissue(s). The mid-clolatth growth spurt will be a particularly
vulnerable period.

3. The rapid growth during the adolescent growth spurieases the chance of malignant
transformation.
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4. Risk factors for OS and ES which influence growtiyrbe endogenous or exogenous

5. Endogenous factors include growth factors/hormaatiag pre-natally and post-natally
and genetic variation in these.

6. Exogenous factors include nutrition, physical eisercillnesses during childhood and
environmental exposures that may interact with ghowspecially bone growth (including
bone-seeking elements, mitogenic substances, mnradiation). Susceptibility to these
factors may be under genetic control.

7. There will be overlap between causal factors irheddhe tumour types, but the timing,
route, combination and intensity of exposures cedipVith individual genetic make-up will
determine outcome.

8. In a small proportion of cases, the tumours wi&in association with highly penetrant
mutations to cancer-associated genes.

Plan of Investigation

Professor Birch and Professor McKinney will be asgble for organising the study in
Manchester and Leeds respectively, in collabonatith the lead clinicians Professor Eden and
Professor Lewis. A part-time research nurse wilbhsed in each centre.

Case Recruitment

Cases of histologically confirmed OS and ES in pessaged 0-24 years diagnosed during the
period, July 2009 to August 2011, resident in tleethNWest (NW) and Yorkshire and the Humber
(YH) Strategic Health Authority areas will be ebtg. Virtually all incident cases in children aged
0-14 will be treated in the regional paediatric@ogy units in Leeds and Manchester. It is
expected that most cases in 15-24 year olds willdsged in the respective Teenage Cancer Trusts
units, but adult oncology units in Leeds and Mastéiemay treat some of the older patients and
these will also be monitored. During this 2 yeaiguwe predict there will be about 30 cases in
YH (Leeds) and 40 cases in NW. We would expecetouit at least 75% of incident cases
(minimum 50 patients) through the main oncologytenin Leeds and Manchester.

We will liaise with relevant clinic staff to idefyiand obtain permission to approach patients
and/or their parents from the clinician in chargétial approach will be to the patients themselves
or their parents depending on age. Informed consiéinbe needed from TYA patients to
approach their parents. Invitation letters andrimiation sheets will be mailed or handed to
patients and/or parents in the hospital. Followdngsent clinical details of participating cased wil
be extracted from oncology records and a copy@ptthology report obtained.

Interview procedure

Following written informed consent, research nums#isconduct face to face interviews, using
structured proformas with study subjects in theimies or the hospital, depending on preference.
Separate interviews will be conducted with cadesy tmothers and fathers as appropriate. The
proformas will focus on mother’s pregnancy with théex case, birth (including birthweight) and
neonatal care, factors in infancy and early chit@hmcluding, nutrition, ilinesses, growth and
development, factors in later childhood and ad@ese including ilinesses and their treatment,
physical activity, social habits (including smokjngrowth and development, family histories of
cancer, congenital anomalies and other genetidaligrmined conditions, parental health,
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including adult heights, parental smoking. Inforimatcollected from the face to face interview
will be used to assess exposure prevalence.

The investigators have extensive experience of waimty interview-based studies and have
previously achieved recruitment rates of over 90%s rate should be achieved in the pilot for
cases in the main oncology centres. Completenegsceftainment and recruitment will be cross-
checked with respective cancer registries.

Collection of biological specimens

Molecular genetic analysis will be an important ament of the full study. In preparation, in
the pilot we shall collect blood and saliva samgtes cases and their parents to assess
compliance rates. Methodologies and proceduresiédogical sample collection will be set up
and optimised. Case blood samples will be obtabedrrangement with oncology staff to avoid
additional procedures. The research nurses wilebponsible for biosample collection from
parents (blood or saliva) and saliva samples frases (if no blood sample is possible).
Biosamples will be stored in Manchester for futanalysis. Samples will be labelled with study
numbers including a code to indicate whether timepsais from a case, mother or father. No 1D
information will be included to allow future anonigad molecular analyses. It will be possible to
link back to the epidemiological and clinical data the study number but the data and laboratory
results will be stored separately. Data and resuiltde linked only for statistical analysis in a
temporary file (Data Management).

Abstraction of medical records

An important aspect of this pilot will be locatiand abstraction of relevant medical records
including, mothers’ obstetric records (gestatidrthiveight, congenital anomalies, neonatal
problems/care) and child health records (developahenilestones, growth, general health) using
standard proformas. For some health authoritieslatiter are computerised. Informed consent to
access and abstract records will be obtained extvietv.

Future Analysis of Biosamples

The power of the study will be too low for calcutex of familial cancer risks, but families
showing clustering of cancers consistent with geasition syndromes will be selected for future
analysis of candidate genes. We expect to coleuptes from 50 families and would anticipate
selection of about 10 families. Analyses of thgsees and low-penetrance genes/polymorphisms
will be conducted as part of the full-scale stady biosamples from the pilot will be incorporated
into these. These analyses will be subject to sépathical approval as part of the main study.

Data Management

Data will be coded in both centres but input, cezhand edited centrally in Manchester. The
data stored in Manchester will be split in thréesfito allow anonymisation as well as linkage. The
following scheme will be applied.

1. File 1 (Admin File) — A password controlled compuiiee containing identifying and
demographic details of cases will be created. Tileiwill include variables such as dates
of birth, addresses, NHS number, hospital numbergging” of progress with
interviews, records abstractions and biologicalgam
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2. File 2 (QUESTIONNAIRE File) — All the questionnaidata will be held in a separate
password controlled file with no identifying infoation but with individuals allocated a
study number. Data abstracted from medical recaiitigiso be held in File 2.

3. File 3 (LABORATORY File) — Each specimen from trenge individual will be labelled
with the study number, plus a specimen numberligavdor more than one specimen from
the same person) and stored within the Univerditanchester. Subsequently, and in
accordance with local standard operating procedamdsn compliance with the
requirements of the Human Tissue Act, specimenshmealispatched to collaborating
laboratories for analysis in separately fundedistudith specific ethical approval. The
laboratory receiving the samples will be given detaf the specimen, the age and sex of

the patient. Specimen details and laboratory resuilt be held on a third password
controlled restricted access computer file. No fifiging details will be held in this file.

At the time of analysis, files 1, 2 and 3 will liekled to create a temporary file to combine the
clinical and epidemiological data and subsequeh#yaboratory results. This file will use the
study number and relevant reference dates buther @entifiers. On completion of the analysis,
this file will be deleted. All data will be storexh an air gap (stand alone) network. Offices have
keypad locks and entry to the department is by swgrd. All members of staff sign a
confidentiality agreement as part of their contract

Time Table

Jan 2009-June 2009 Prepare study materials inguelaflets, consent forms and questionnaire
Apply for MREC approval
Obtain NHS trust research governance approval
Recruit staff and obtain NHS honorary contrdotsstudy staff
Establish collaborative links with treatment ites
Establish laboratory procedures

July 2009-Sept 2011 Ascertain, approach and ireer0 cases
Collect and process samples
Abstract data from health records
Collect and computerise data

Oct 2011-Feb 2012 Complete data collection and coenigation
Clean, verify and edit the data
Evaluate participation rates
Assess exposure frequencies
Write reports
Prepare protocol and grant applications forgtudy
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CTYAB/PIS under 12
Version 2 Aug 09

Pilot Study of Childhood, Teenage & Young Adult Bohumours

Information Leaflet for Children (under 12 vears)

What is the background to this study?

A new large study of the causes of bone tumouchildren, teenagers and young adults
is being planned. Scientists from different cowegnvill work together on this large
study. Before the large study can begin, we neelbta small study calledpalot study.
Our pilot study is being done before the main prbje collect important information, for
example about your health, to help with the maojqut.

Why do you need to do a pilot study?

In the pilot study we shall try out some ways oingthe research which we hope to use
in the large study. The pilot study will tell ustiifese work and whether we need to
change anything.

Who is doing the research?
The pilot study is being carried out by teams adrsiists, nurses and doctors from
Manchester and Leeds.

Why have you chosen me?
We have chosen you because we know that you havthb&ind of tumour we are
interested in.

What will you do in the research ?

We shall be asking your parents if they would likéake part in the study by answering
a lot of questions. A research nurse who is paouofteam will arrange to meet with
your parents to do this. We are also giving anrinftion sheet to your parents, so you
might want to talk to them about the study.
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What sort of questions will they be asked?

Your parents will be asked to give some informagbout your early life which
includes: illnesses and injuries, what happenedwioa were a baby, the sorts of sports
you play, other things you like to do and also sg®eeral information about your
family. We will also ask your mother about when sles expecting you. They do not
have to answer all the questions if they, or yaundt want them to.

Will you be doing anything else ?

We should like a small blood sample or a salivitsample from you and your parents.
We also want to look at your medical notes to faad more about how much you grew
when you were younger and any illnesses or injyi@smay have had.

Why do you need a blood or saliva sample from me?

You can take part in the study without giving blawda saliva (spit) sample. If you are
willing your doctor or nurse at the hospital wake a small sample (about 2 teaspoons)
from you at the same time as a sample is beingitaggart of your treatment, so there
won't be any extra needles.

Instead of giving us a blood sample, you could gisaliva sample by spitting into a
special little pot. The nurse will show you howdi this. The samples will be used in
tests done in a laboratory, which we hope will tallif some people are more likely to
develop bone tumours than others. The sampledbwitlept at the University of
Manchester so that they can be used for theseitetts future.

Will | find out the results on my blood or saliva ample?
No. Results on samples will not be given to thegeng part in the study or their families
and will not be passed on to their doctors or adyteise.

Who will be able to look at the information in thestudy ?
Only a small number of people working on the progcof whom know they must keep
the information about you secret.

Can | see my information ?
Yes. You have a right to see all the informationwttyou which we collected for the
study.

What will happen if | do not want to take part in the research?
Nothing. If you do not want to take part, or if yda not want your parents to answer the
guestions, this will not affect your treatment imyavay and nobody will mind.

Do | have to take part in the study?

We will try to make sure that you and your parertshappy to take part in the study. If
you want to take part we shall need the consepboff parents. If after reading this
information sheet, thinking it over for a few daysd talking to your parents, you decide
not to join the study that is OK.
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What happens next ?
One of our research nurses will contact your parsabn if they are willing, to arrange to
meet them to ask them the questions for our relsearc

How can | find out more about the study?

For advice or information about the study contact:
Professor Jill Birch

Cancer Research UK Research Group,

School of Cancer & Imaging Sciences

The Medical School, Stopford Building, Room 1.900
University of Manchester, Oxford Road
Manchester M13 9PL

TEL: 0161-275-5404

FAX: 0161-275-5348

EMAIL.: jillian.birch@manchester.ac.uk

OR

Dr Richard G.Feltbower

Centre for Epidemiology & Biostatistics

Paediatric Epidemiology Group, Room 8.49J, Level 8
Worsley Building, University of Leeds

Clarendon Way, Leeds LS2 9JT

TEL/FAX: 0113 343 4841/4877

EMAIL: r.g.feltbower@leeds.ac.uk

OR

Talk to a member of your clinical team at your htadr clinic

How can | find out more about bone tumours in childen, teenagers and young
adults?
The following organizations provide information:

Bone Cancer Research Trust Children’s Cancer & Lekaemia Group
Suite 1d, Gledhow Mount Mansion, University of ¢ester, 4 floor,

Roxholme Grove, Leeds, LS7 4JJ Hearts of Oak H&uBgincess Road West
Tel: 0113 262 1852 Leicester LE1 6TH

Email: info@bone cancerresearch.org.uk  Tel: 011%4460 Email:info@cclg.org.uk
WEBPAGE:www.bonecancerresearch.org.WWEBPAGE: www.cclg.org.uk

Teenage Cancer Trust Cancer Research UK

3" Floor, 93 Newman Street, PO Box 123, Lincolms Fields
London, W1T 3EZ London WC2A 3PX

Tel: 020 7612 0370 Tel: 020 7242 0200

Email: tct@teenagecancertrust.org. WEBPAGE: www.cancerresearchuk.org

WEBPAGE:www.teenagecancertrust.org
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CTYAB/PIS 12-15
Version 2 Aug 09

Pilot Study of Childhood, Teenage & Young Adult Bohumours

Information Leaflet for Young People (12-15 years)

What is the study about ?

A new large-scale study of the causes of bone tusnowchildren, teenagers and young
adults is being planned. We hope that people fribovar Europe will take part in the
large-scale study. We shall be studying such thasgsutrition, growth and development
throughout childhood and adolescence, sport anctisge viruses and other
environmental exposures. Information collected fdifferent centres will be combined
and this will allow for powerful analyses of podsilsauses of these tumours. Before this
large-scale study can go ahead, a smaller stutbdcapilot study is being done to

collect information which will help with the desigifi the main project.

What is the aim of the pilot study?

In the pilot study we shall be trying out a questiaire to look at the sort of answers
given and whether there are any questions whicplpaaking part find difficult to
answer. We should also like to look at whether radiecords that would be useful in
the study are still available. It is also importemsee how many people agree to take
part. All these things will help us plan the matady so that it is a success.

Who is doing the pilot study ?
The pilot study is being carried out by teams aérsigsts, nurses and hospital doctors
from Manchester and Leeds.

Why have you chosen me?
We have chosen you because we know that you havthbind of tumour we are
studying.

What will | have to do ?

We should like to arrange to carry out an intervieith your parents which generally
takes about 1 hour. A research nurse will arranty@e and place for the interview, so
you do not have to do anything. We are also giagngnformation sheet to your parents,
so you might want to talk to them about the study.
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What sort of questions will you ask my parents ?

At the interview your parents will be asked aboatiryhealth including: illnesses and
injuries, where you have lived and any sports bep#ctivities you have taken part in
and also some general information about healtlour family. We will also ask your
mother about when she was expecting you. They tbae to answer all of the
guestions if they, or you do not want them to.

Do you need any other information ?

With your permission, we should like to extractadlstfrom your oncology records about
the particular type of bone tumour which you depelbh. We should also like access to
your general health records so that we can extrémimation about your growth and
development during your childhood, including heightl weight at different ages and
your developmental milestones. In addition, weldbalasking your mother if we can
extract information from her medical records abdwert pregnancy, your birth and health
soon after birth, including results of scans arnteptests before you were born, your
birth weight, size and your general health shattgr you were born.

Does the study involve anything else ?

If you agree, we would like a small blood samptariryou or a sample of saliva (spit).
We would also like to look at health records fdommation on growth and previous
illnesses.

Why do you need a blood or saliva sample from me?

You can take part in the study without giving blamda saliva sample but if you agree, a
blood sample (5-20ml of blood or 1-4 teaspoonsl) vélcollected at the same time as a
sample is being taken as part of your treatmenhidfis not possible, you could give a
saliva sample. All you have to do is to spit intenaall pot. We should also like a blood
or saliva sample from your parents which would biected by the research nurse. The
blood and saliva samples will be used to extranete material to look for differences
which may affect the chances of developing boneotusn

What will happen to the samples ?

The material will be stored at the University of Maester and will be used for future
analysis. The blood/saliva samples will be congidexs being gifted to the University
and you will have no rights over any commercialalegments arising from their use in
research.

Will I find out the results on my or my parents blood or saliva sample?
No. Results on samples given for research areassqu on to those who took part in the
research, nor to their families, to their doctarsuaybody else.

Who will look at the information ?

A very small number of staff directly working oretproject will look at the information.
Other staff working for the NHS and/or the Univershay also need to look at part of
the information to make sure that the researckiisgocarried out properly and to check
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that all the information is kept secure. All staffow that the information must be kept
confidential.

Can | look at the information ?
Yes. You have a right to see all the informationuwtlyou collected by us at interview
and from your medical records.

What will happen if | do not want to take part in the research?
Nothing. This research is entirely voluntary ang thill NOT affect your medical care in
any way.

How do | know if your work is ethical?

All our research is carried out with the approviainedical research ethics committees.
The members of these committees include doctoedtthprofessionals and other
ordinary people.

Do | have to take part in the study?

We always try to make sure that you and your pararg happy to take part in the study.
If after reading this information sheet, thinkingver for a few days and discussing it
with your parents, you decide not to join the sttigt is OK.

What happens next ?
If you and your parents are happy to take part,afrair research nurses will contact
your parents to arrange an interview.

How can | find out more about the study?

For advice or information relating to the study tmt:
Professor Jill Birch

Cancer Research UK Research Group,

School of Cancer & Imaging Sciences

The Medical School, Stopford Building, Room 1.900
University of Manchester, Oxford Road
Manchester M13 9PL

TEL: 0161-275-5404

FAX: 0161-275-5348

EMAIL.: jillian.birch@manchester.ac.uk

OR

Dr R.G.Feltbower

Centre for Epidemiology & Biostatistics

Paediatric Epidemiology Group, Room 8.49J, Level 8
Worsley Building, University of Leeds

Clarendon Way, Leeds LS2 9JT

TEL/FAX: 0113 343 4841/4877

EMAIL: r.g.feltbower@Ileeds.ac.uk
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OR
Talk to a member of your clinical team at your htadpr clinic

If you have a concern about any aspect of thisystyml should ask to speak to
researchers who will do their best to answer yaastjons. If they are unable to resolve
your concern, or you wish to make a complaint réigay the study, please contact a
University Research Practice and Governance Caratali on 0161 275 7583 or 0161
275 8093 or by email to research-governance@matestasuk

How can | find out more about bone tumours in childen, teenagers and young
adults?
The following organizations provide information:

Bone Cancer Research Trust Children’s Cancer & Lekaemia Grp

Suite 1d, Gledhow Mount Mansion University of Lester, &' floor,

Roxholme Grove, Leeds, LS7 43J Hearts of Oak HAuBeincess Road West
Tel: 0113 262 1852 Leicester LE1 6TH

Email: info@bonecancerresearch.org.uk Tel: 0116 249 4460 Email:info@cclg.org.uk
WEBPAGE:www.bonecancerresearch.org.uk WEBPAG&w.cclg.org.uk

Teenage Cancer Trust Cancer Research UK

3 Floor, 93 Newman Street, PO Box 123, Lincolms Fields
London, W1T 3EZ London WC2A 3PX

Tel: 020 7612 0370 Tel: 020 7242 0200

Email: tct@teenagecancertrust.org. WEBPAGE:www.cancerresearchuk.org

WEBPAGE:www.teenagecancertrust.org
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CTYAB/PIS 16+
Version 2 Aug 09

Pilot Study of Childhood, Teenage & Young Adult Bohumours

Information Leaflet for Patients over 16 years

What is the study about ?

A new large-scale multi-centre study of the cawddsone tumours in children, teenagers
and young adults is being planned. We shall beystgdsuch things as nutrition, growth
and development throughout childhood and adoleg;esport and exercise, viruses and
other environmental exposures. Information colléétem different centres will be
combined and this will allow for powerful analyssEspossible causes of these tumours.
Prior to this large study, our smallgitot study is being undertaken to collect essential
information, for example about your health, to heifh the design of the larger project.

What is the aim of the pilot study?

In the pilot study we shall be trying out a questiaire to look at the range of answers
given and whether there are any questions whicplpdmd difficult to answer. We
would also like to look at whether medical recafist would be useful in the study are
still available. In addition, it's important to kmowhat proportion of families agree to
take part. All of these things will help us desaggsuccessful full-scale study.

Who is doing the research?
The pilot study is being carried out by teams adrsigsts, nurses and hospital doctors
from Manchester and Leeds.

Why have you contacted me?

We have contacted you because we are inviting gadakie part in this study. The reason
for choosing you is that you recently developegpe tof bone tumour which we are
studying.

What does the study involve ?

If you agree to take part, we shall arrange toycant an interview which generally takes
about 1 hour. The research nurse who will carrytleatinterview will arrange a time and
place which is convenient for you. In addition,wytour permission, we should also like
to interview your parents.
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If | agree what sort of questions will | be asked?

At the interview you will be asked about your hkaitcluding: illnesses and injuries,
your occupations and where you have lived and poxts or other activities you have
taken part in. We shall also ask about your e##yand your development during
adolescence. We should like to ask your parentsagiouestions and also ask your
mother about the time before you were born whenstseexpecting you. You can
choose not to answer any of the questions.

Do you need any other information ?

With your permission, we should like to extractadlstfrom your oncology records about
the particular type of bone tumour which you depelbh. We should also like access to
your general health records so that we can extrémimation about your growth and
development during your childhood, including heightl weight at different ages and
your developmental milestones. In addition, weldbalasking your mother if we can
extract information from her medical records abdwert pregnancy, your birth and health
soon after birth, including results of scans arnteptests before you were born, your
birth weight, size and your general health shattgr you were born.

Does the study involve anything else ?

If you agree, we would like a small blood sample@ample of saliva (spit) from you.
The blood samples will be taken by your doctohatsame time as a routine sample is
taken.

Why do you need a blood or saliva sample from me?

You can take part in the study without giving addl@r saliva sample but if you agree,
the research nurse or hospital clinic staff wikegdahe samples. Between 5-20ml (1-4
teaspoons) of blood will be taken for the reseafdternatively, you could give a saliva
sample by spitting into a small pot. The blood aaliva samples will be used to extract
genetic material to look for variations in genesclihmay affect the likelihood of
developing bone tumours.

What will happen to the samples ?

The material will be stored at the University of Maester and will be used for future
analysis. The blood/saliva samples will be congidexs being gifted to the University
and you will have no rights over any commercialalegments arising from their use in
research.

Will I find out the results on my blood or saliva ample?

No. Results on samples donated for research wilbaaiven to participants and their
families and will not be passed on to their doctmranybody else. The tests that will be
carried out are not medical tests and the result®mly be used for research. So, taking
part in the study should not have any adverse tsffat you (including employment
status or ability to get insurance).
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Who will have access to the data information ?

Only a very restricted number of staff directly wiog on the project will have access to
information collected in the study. NHS and/or Uity staff responsible for auditing
research conduct and data security will also hiewiédd access for this purpose. All staff
are trained in confidentiality procedures.

Can | have access to the information ?
Yes. You have a right to see all the informatiohembed at interview and extracted from
medical records which concerns you and held by us.

What will happen if | do not want to take part in the research?
Nothing. This research is entirely voluntary anig thill NOT affect your medical care
in any way.

How do | know if your work is ethical ?
All our research is carried out with the approviainedical research ethics committees.
The members of these committees include doctoedtthprofessionals and lay people.

What should | do now?
Please return the reply slip in the envelope predidf you are willing, one of our
research nurses will contact you to arrange amviige.

How can | find out more about the study?

For advice or information relating to the study temt:
Professor Jill Birch

Cancer Research UK Research Group

School of Cancer & Imaging Sciences

The Medical School, Stopford Building, Room 1.900
University of Manchester, Oxford Road, Manchesta3\PL
TEL: 0161-275-5404

FAX: 0161-275-5348

EMAIL.: jillian.birch@manchester.ac.uk

OR

Dr Richard Feltbower

Centre for Epidemiology & Biostatistics

Paediatric Epidemiology Group, Room 8.49J, Level 8
Worsley Building, University of Leeds

Clarendon Way, Leeds LS2 9JT

TEL/FAX: 0113 343 4841/4877

EMAIL: r.g.feltbower@Ileeds.ac.uk

OR

Talk to a member of your clinical team at your hHtdpr clinic
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If you have a concern about any aspect of thisystyml should ask to speak to the
researchers who will do their best to answer yaastjons. If they are unable to resolve
your concern, or you wish to make a complaint régay the study, please contact a
University Research Practice and Governance Caratali on 0161 275 7583 or 0161
275 8093 or by email to research-governance@matestasuk

How can | find out more about bone tumours in childen, teenagers and young
adults?
The following organizations provide information

Bone Cancer Research Trust Children’s Cancer & Lekaemia Group
Suite 1d, Gledhow Mount Mansion University of Lester, &' floor, Hearts of
Roxholme Grove, Leeds, LS7 43J Oak House, 9 FrsRead West,

Tel: 0113 262 1852 Leicester LE1 6TH

Email: info@bonecancerresearch.org.uk Tel: 0116 249 4460
WEBPAGEwww.bonecancerresearch.orgEiail:info@cclg.org.uk
WEBPAGE: www.cclg.org.uk

Teenage Cancer Trust Cancer Research UK

3" Floor, 93 Newman Street, PO Box 123, Lincolms Fields
London, W1T 3EZ London WC2A 3PX

Tel: 020 7612 0370 Tel: 020 7242 0200

Email: tct@teenagecancertrust.org. WEBPAGE: www.cancerresearchuk.org

WEBPAGE:www.teenagecancertrust.org
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CTYAB/PIS Parents
Version 2 Aug 09

Pilot Study of Childhood, Teenage & Young Adult Bohumours

Information Leaflet for Parents & Guardians

What is this study about ?

A new large multi-centre study of causes of bomedurs in children, teenagers and
young adults is being planned. We shall be studgudh things as nutrition, growth and
development during childhood and adolescence, syporexercise, viruses and other
environmental exposures. Information collected fdifferent centres will be combined
and this will allow for powerful analyses of podsilsauses of these tumours. Prior to this
large study, our smallgailot study is being undertaken to collect essential infororgti

for example about your child’s health, to help wittle design of the larger project.

What is the aim of the pilot study?

In the pilot study, we shall be trying out a quesiiaire to look at the range of answers
given and whether there are any questions whicplpdmd difficult to answer. We
would also like to look at whether medical recafist would be useful in the study are
still available. In addition, it's important to kmowhat proportion of families agree to
take part. All of these things will help us desagysuccessful full-scale study.

Who is doing the research?
The pilot study is being carried out by teams aérsigsts, nurses and hospital doctors
from Manchester and Leeds.

Why have you contacted me?

We have contacted you because we are inviting gadakie part in this study. The reason
for choosing you is that you have a son or daughiter developed a type of bone tumour
which we are studying.

What does the study involve?

If you agree to take part, we shall arrange toycant an interview which generally takes
about 1 hour. The research nurse who will carrytlatinterview will arrange a time and
place which is convenient for you.
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If | agree what sort of questions will | be asked?

At the interview you will be asked about your sddé&ighter's and your family’s health
including: illnesses and injuries, your occupatiang where you have lived and any
sports or other activities your son/daughter hkertgart in. We shall also ask about your
son’s/daughter’s growth and development includidgl@scence. For mothers, we shall
ask about the pregnancy with your child who devetbihve bone tumour and other
pregnancies (if any). You can choose not to ansgrof the questions.

Do you need any other information ?

With your permission we should like to have acdessertain medical records. These
include your child’s oncology records so that wa eatract details about the particular
type of bone tumour which they developed. We shalgdd like access to your child’s
general health records so that we can extractrirdtion about their growth and
development, including height and weight at différages and their developmental
milestones. For mother’s, we should like to extrafirmation from their obstetric
records including results of scans of the baby fieelfirth, results of mother’s blood tests
and details of any problems during pregnancy egh blood pressure. We should also
like to record the baby’s birth weight, size, gethi@ondition and any problems shortly
after birth.

Does the study involve anything else ?

If you agree, we would like a small blood samplaaliva (spit) sample from you and
your son/daughter. The blood sample from your sargtter will be taken by their
doctor at the same time as a routine sample isitake

Why do you need a blood or saliva sample from me dmy son/daughter ?

You can take part in the study without giving blawda saliva sample but if you agree,
the research nurse or hospital clinic staff wikaahe samples. Between 5 and 20ml (1-4
teaspoons) of blood will be taken for the reseafdternatively, you and/or your
son/daughter could give a saliva sample by spithtga small pot. For young children,
saliva samples are collected by placing tiny spengéehe child’s mouth between the
gums and the inner cheek. The sponges are gentlgdraround for about half a minute
to soak up as much saliva as possible. The bloddaliva samples will be used to
extract genetic material to look for variationgygnes which may affect the likelihood of
developing bone tumours.

What will happen to the samples ?

The material will be stored at the University of Maester and will be used for future
analysis. The blood/saliva samples will be congidexs being gifted to the University
and you will have no rights over any commercialalegments arising from their use in
research.
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Will I find out the results on my or my son’s/daugher’s blood or saliva sample?

No. Results on samples donated for research wilba@iven to participants nor to their
families and will not be passed on to their doctwranybody else. The tests that will be
carried out are not medical tests and the result®mly be used for research. So, taking
part in the study should not have any adverse tsffat you or your son/daughter
(including employment status or ability to get irence).

Who will have access to the information ?

Only a very restricted number of staff directly wiog on the project will have access to
information collected in the study. NHS and/or Uity staff responsible for auditing
research conduct and data security, will also hiavieed access for this purpose. All
staff are trained in confidentiality procedures.

Can | have access to the information ?
Yes. You have a right to see all the informatiohembed at interview and extracted from
medical records which concerns you and held by us.

What will happen if | do not want to take part in the research?
Nothing. This research is entirely voluntary and thill NOT affect your or your
son’s/daughter’s medical care in any way.

How do we know if your work is ethical?
All our research is carried out with the approviain@dical research ethics committees.
The members of these committees include doctoedtthprofessionals and lay people.

What should | do now?
Please return the reply slip in the envelope predidf you are willing, one of our
research nurses will contact you to arrange amviige.

How can | find out more about the study?

For advice or information relating to the study temt:
Professor Jillian M. Birch

Cancer Research UK Research Group,

School of Cancer & Imaging Sciences

The Medical School, Stopford Building, Room 1.900
University of Manchester, Oxford Road

Manchester M13 9PL

TEL: 0161-275-5404

FAX: 0161-275-5348

EMAIL: jillian.birch@manchester.ac.uk

OR

Dr R.G.Feltbower

Centre for Epidemiology & Biostatistics

Paediatric Epidemiology Group, Room 8.49J, Level 8
Worsley Building, University of Leeds

Clarendon Way, Leeds LS2 9JT
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TEL/FAX: 0113 343 4841/4877
EMAIL: r.qg.feltbower@leeds.ac.uk

OR: Talk to a member of your clinical team at ybospital or clinic.

If you have a concern about any aspect of thisystyml should ask to speak to the
researchers who will do their best to answer yaastjons. If they are unable to resolve
your concern, or you wish to make a complaint régarthe study, please contact a
University Research Practice and Governance Caratali on 0161 275 7583 or 0161
275 8093 or by email to research-governance@matestasuk

How can | find out more about bone tumours in childen, teenagers and young
adults?
The following organizations provide information

Bone Cancer Research Trust Children’s Cancer & Lekaemia Group
Suite 1d, Gledhow Mount Mansion University of Lester, &' floor, Hearts of
Roxholme Grove, Leeds, LS7 43J Oak House, 9 FrsRead West,

TEL: 0113 262 1852 Leicester LE1 6TH

EMAIL: info@bonecancerresearch.org.uRel: 0116 249 4460.Email:info@cclg.org.uk
WEBPAGE:www.bonecancerresearch.org. WW\EBPAGE: www.cclg.org.uk

Teenage Cancer Trust Cancer Research UK

3 Floor, 93 Newman Street, PO Box 123, Lincolms Fields
London, W1T 3EZ London WC2A 3PX

TEL: 020 7612 0370 TEL: 020 7242 0200

EMAIL: tct@teenagecancertrust.org. WEBPAGE: www.cancerresearchuk.org
WEBPAGE:www.teenagecancertrust.org
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CTYAB/CFPts 12-15

Version 2 Aug 09

Pilot Study of Childhood, Teenage & Young Adult Bohumours

Consent Form for Patients aged 12-15 years
Resear chers: Professor Jillian Birch and Dr Richard Feltbower
This form should be completed by patients agedekts/to 15 years.
You will be given a copy of the information leafeetd a copy of this form to keep.
Name of Patient ............cooooiiiii i, Date of Birth of Patient ......................co..

HOSPILAI/CIINIC ..o e e e e et e e e e e e e e e e e aeeas

Please read and complete the following: Initials

| have read and understood the information contbinghe information leaflet

| have had the opportunity to ask questions an@ hegeived satisfactory answers to my questions.

| understand that participation is voluntary andnh free to withdraw my agreement at any time
without having to give a reason and without affegtmy treatment.

P

| agree to my mother/father/guardian(s)* beingrvigawved for the above study and understand that th
information they give will be for confidential uge the study and future studies of childhood teenag
and young adult bone tumours.

| agree to my medical notes, including; GP/oncololgyd health/neonatal* being viewed by a membe
of the research team and to information being etachfrom them.

| understand that the information from my medicaies containing clinical and personal information
(including NHS number, addresses and post coddb)wiheld securely and confidentially by the
research team for use in the study and future esudf childhood, teenage and young adult bon
tumours.

| understand that relevant sections of my medicaé$ and data collected during the study may be
looked at by individuals from The University of Marester, from regulatory authorities or from the
NHS Trust, where it is relevant to my taking panmtthis research. | give permission for thes
individuals to have access to my records.

P

| agree to give a blood/saliva sample* for useha study and future studies into childhood, teena
and young adult bone tumours.

| understand that | will not be given the resuttei the blood samples or saliva samples.
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Patient signature aged 12-15 years

SIgNALUIE ... e e e

Full name (block capitalS) .........ccccooiiiiiii i, Date
Doctor/resear cher taking consent

Signature ..o, Full name (block capifals...............coo oo,
POSItION ... Date .....cccovvviiiiiiie

Please return this form to: Professor J M Birchpéga Research UK Research Group,
School of Cancer & Imaging Sciences, The Medic&iost, Stopford Building, Room 1.900

University of Manchester, Oxford Road, Manchestdr3\@PL
* Delete as necessary
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CTYAB/CF par 16+
Version 2 Aug 09

Pilot Study of Childhood, Teenage & Young Adult Bohumours

Consent Form for Parents/Guar dians of Patients over 16 years of age.

Researchers: Professor Jillian Birch and Dr Richard Feltbower

This form should be completed by the parent/guardiapatients who are over 16 years of age. You
will be given a copy of the information leaflet aaatopy of this form to keep.

Name of Patient ............coooiiiiii i, Date of Birth of Patient ......................c...
HOSPILAI/CIINICIGP ... e e e e e e e e e e e e e e e e e e

Please read and complete the following: I nitials

| have read and understood the information contbinghe information leaflet

| have had the opportunity to ask questions an@ hegeived satisfactory answers to my questions.

| understand that participation is voluntary andnh free to withdraw my agreement at any time
without having to give a reason and without affegtmy child’s treatment.

| agree to be interviewed for the above study andetstand that the information | give will be for
confidential use in the study and in future studischildhood, adolescent and young adult bong
tumours.

| agree to my medical notes, including; GP/obgtétbieing viewed by a member of the research team
and to information being extracted from them.

| understand that the information from my medicaies containing clinical and personal information
(including NHS number, addresses and post coddb)wiheld securely and confidentially by the
research team for use in the study and future essudf childhood, adolescent and young adult bon
tumours.

| understand that relevant sections of my medicaé$ and data collected during the study may be
looked at by individuals from The University of Marester, from regulatory authorities or from the
NHS Trust, where it is relevant to my taking pant this research. | give permission for these
individuals to have access to my records.

| agree to give a blood/saliva sample* for useha study and future studies into childhood, teena
and young adult bone tumours.

| understand that | will not be given the resuttai the blood samples or saliva samples.
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Par ent/Guar dian signatur e of child over 16 years

SIgNALUIE ... e e e

Full name (block capitalS) .........ccccooiiiiiii i, Date
Doctor/resear cher taking consent

Signature ..o, Full name (block capifals...............coo oo,
POSItION ... Date .....cccovvviiiiiiie

Please return this form to: Professor J M Birchpéga Research UK Research Group,
School of Cancer & Imaging Sciences, The Medic&lost, Stopford Building, Room 1.900,
University of Manchester, Oxford Road, Manchestdr3\@PL

* Delete as necessary
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CTYAB/CF par under 16
Version 2 Aug 09

Pilot Study of Childhood, Teenage & Young Adult Bohumours

Consent Form for Parents/Guar dians of Patientsunder 16 years of age.
Resear chers: Professor Jillian Birch and Dr Richard Feltbower
This form should be completed by the parent/guardiapatients who are under 16 years of age. You
will be given a copy of the information leaflet aaaopy of this form to keep.
Name of Patient .............coeviiiiiini i, Date of Birth of Patient .......................o.e

L 015 0T = 1 g o

Please read and complete the following: Initials

| have read and understood the information contbinehe information leaflet

| have had the opportunity to ask questions ane heveived satisfactory answers to my questions.

| understand that participation is voluntary andnh free to withdraw my agreement at any time
without having to give a reason and without affegtiny child’s treatment.

| agree to be interviewed for the above study andetstand that the information | give will be for
confidential use in the study and future studieshidhood, teenage and young adult bone tumours.

| agree to my medical notes, including; GP/obstéteing viewed by a member of the research team
and to information being extracted from them.

| agree to my child’s medical notes, including; GiYology/child health/neonatal* being viewed by 4§
member of the research team and to informationgbextracted from them.

| understand that the information from my and myldih medical notes containing clinical and
personal information (including NHS number, addessand post codes) will be held securely an
confidentially by the research team for use in shaly and future studies of childhood, teenage a
young adult bone tumours.

I understand that relevant sections of my medicaés and data collected during the study may be
looked at by individuals from The University of Marester, from regulatory authorities or from the
NHS Trust, where it is relevant to my taking pamtthis research. | give permission for thes
individuals to have access to my records.

| agree that a blood/saliva sample* may be takemfmy child for use in this study and for future
studies into child, teenage and young adult bomotus.

| agree to give a blood/saliva sample* for usehie study and future studies into child, teenage ar
young adult bone tumours.
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I understand that | will not be given the resuttsi any of the blood samples or saliva samples.

Par ent/guardian signatur e of child under 16 years

SIgNAtUIe. ...

Full name (block capitalS) .........ccccoeviiiiii i Date
Doctor/resear cher taking consent

SIgnature .......ooveivi e, Full name (block capifals...............c.cco v,
POSItION ... Date ......ccovvviiiiiiie

Please return this form to: Professor J M Birchpéga Research UK Research Group,
School of Cancer & Imaging Sciences, The Medic&lost, Stopford Building, Room 1.900,

University of Manchester, Oxford Road, Manchestdr3\@PL
* Delete as necessary
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Bone Tumours Pilot

Index Case (16 to 24 Years) Questionnaire

ID No:

Study IC

Family ID

Index Case (16 to 24 Years) Questionnaire

Section

Vi

Vi

Personal Details

GP Details

General Background
Growth

Puberty
Sports/Exercise
Social Habits

lliness History

Further information
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Bone Tumours Pilot D No:

Index Case (16 to 24 Years) Questionnaire
Study IC Family ID

Personal Details

Thank you for agreeing to help us with this stutjost of the

questions | am going to ask you are about youdbbibd a ontt vea

and adolescence.

Time Started Hr Min
(24 hr clock)

Can | stressagain that all your answerswill betreated in the strictest confidence and the information
will not be passed to anyone outside the study.

Index Case Sheet no.
First Name Naase Total STeets
Address
at interview Date of Diagnosis
day montt yeal

Sex: 1=male
2=female

Postcode

Date of Birth

day montt yeal

NHS No.

Mother (or Surrogate) Parent.l.D

First Name Nzase Title

Current
Address All previous names

Name when was born:

Postcode

NHS No.

Father (or Surrogate) Parent.l.D

First Name Nzase Title

Current
Address

Postcode:

NHS No.
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Bone Tumours Pilot
Index Case (16 to 24 Years) Questionnaire

ID No:

Study IC

Family ID

GP Details

May | have (or confirm) the name and address of3Reyou areurrently registered with.

Name

Address

Postcode:
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Bone Tumours Pilot

. . ID No:
Index Case (16 to 24 Years) Questionnaire
Study IC Family ID
Section|  General background
May | ask you some general questions about yo@rself
01. Would you currently describe yourself as circle 1=married/ 2=cohabiting/ 3=widowed

4=separated/ 5=divorced/ 6g&f

02. How would you describe yourself ?

circle 1=White/ 2=Black-Carribean / 3=Black-African/ 4-=e8k-'‘Other’/ 5=Indian/ 6=Pakistani/

7=Baadgshi/ 8=Chinese/ 9=any ‘other’ ethnic group.
If other:

How would you describe yourself ?

03. Are you still at school? 1=yes/ 2=no

04. (If appropriate) How old were you when you left school?

05. (If appropriate) Do you have any educational qualifications such as

CSEs /'O’ Levels / ‘O’ Grades / GCSEs / or theiur@lents ?

Highers / ‘A’ levels or their equivalents ?

Any higher or peesional qualifications ?

If yes:
What are these qualifications ?

year:

1=yes

2=no
9=NK

1l=yes
2=no

9=NK

1l=yes
2=no
9=NK

06. Do you own or rent your current home or do yoe With your parents/siblings ?

1=owner/ 2=tenant/ 3=parents/siblingsdther/ 9=NK

If other : specify

If tenant, who do you rent it from? 1=council/ 2=housing association/ 3=pmvad=other/ 9=NK

If other : specify
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Bone Tumours Pilot

ID No:
Index Case (16 to 24 Years) Questionnaire °

Study IC Family ID

Section Il Growth

1. Atwhat age did you enter infant school (Year 1)?
OR Year: Mths

When did you enter infant school (Year 1)?
montt yeal

2. When you entered infant school (Year 1), companeuther

children in the same class, were you 1=Taller/ 2=Shorter/ 3= Average Height

3. At what age did you enter junior school (Year 4)?
OR Years Mths

When did you enter junior school (Year 4)?
montt yeal

4. When you entered junior school (Year 4), compaoeather

children in the same class, were you 1=Taller/ 2=Shorter/ 3= Average Height

5. At what age did you enter secondary school (Year 7)
OR Years Mths

When did you enter secondary school (Year 7)?
montt yeal

6. When you entered secondary school (Year 7), cordgarether

children in the same class, were you 1=Taller/ 2=Shorter/ 3= Average Height

7. At what age did you leave school?
OR Years Mths

When did you leave school?
montt yeal

8. When you left school, compared to other

children in the same class, were you 1=Taller/ 2=Shorter/ 3= Average Height

9. What was height at diagnosis D OR

If not known ask Q10 ft in cm

10. Around the time when you were diagnosed with a daneur, compared to other

children of same age, were you 1=Taller/ 2=Shorter/ 3= Average Height
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Bone Tumours Pilot
Index Case (16 to 24 Years) Questionnaire

ID No:

Study IC Family ID
Section Il Puberty
If Index caseisFEMALE
1. At what age did you notice any change in your lsas
Year: Mths
2. At what age did you shoot up in height? I:l:l:l:'
Year: Mths
OR
At what age did you suddenly outgrow yourloks?
Years Mths
OR
At what age did you suddenly increase yooestize? - e
3. At what age did you start your periods? S L
If thelndex CaseisMALE
1. Atwhat age did you shoot up in height?
Year: Mths
OR
At what age did you suddenly outgrow yourloks?
Years Mths
OR
At what age did you suddenly increase yooessize? |:|:|:|:|
Year: Mths
2. At what age did you start shaving regularlywice/week?
Years Mths
3. At what age did your voice change? I:I:l:l:‘
Year: Mths
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Bone Tumours Pilot D No:

Index Case (16 to 24 Years) Questionnaire
Study IC Family ID

Section IV Sportg/Exercise

Which of the following sports or physical activiidid you participate at any time prior to

diagnosis?
1. Swimming 1=Yes/ 2=No |:|
2. Cycling 1=Yes/ 2=No I:I
3. Horse Riding 1=Yes/ 2=No [ ]
4. Walking/Hiking > 2 miles 1=Yes/ 2=No [ ]
5. Running/Jogging/Cross-Country 1=Yes/ 2=No |:|
6. Skiing/Snowboarding 1=Yes/ 2=No [ ]
7. Athletics 1=Yes/ 2=No |:|
8. Aerobics/Dance Exercise 1=Yes/2=No |:|
9. Gymnastics 1=Yes/ 2=No |:|
10. Matrtial Arts (Judo, Karate, etc.) 1=Yes/ 2=No I:I
11. Street Sports (skate boarding, rollerblading, etc.) 1=Yes/ 2=No |:|
12.Weight lifting or weight training 1=Yes/ 2=No |:|
13.Football 1=Yes/ 2=No I:I
14.Rugby 1=Yes/ 2=No |:|
15. Cricket 1=Yes/ 2=No |:|
16. Basketball 1=Yes/ 2=No I:I
17.Netball 1=Yes/ 2=No [ ]
18. Hockey 1=Yes/ 2=No |:|
19.Tennis 1=Yes/ 2=No I:I
20.Badminton 1=Yes/ 2=No |:|
21.Squash 1=Yes/ 2=No |:|
22.0thers 1=Yes/ 2=No I:I
23.0thers 1=Yes/ 2=No |:|
24.0Others 1=Yes/ 2=No I:I
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Bone Tumours Pilot D No:

Index Case (16 to 24 Years) Questionnaire
Study IC Family ID

Section IV Sports/Exercise

Please complete one for each sport recorded YESawious pageaftach extra sheets if necessary)

1. Sport/Physical Activity

2. At what age did you first start doing the sportiibgl activity
Year: Mths

3. At what age did you stop doing the sport/physictivdy (if applicable)

Year: Mths

4. How many times did you participate in the sportgbal activity in a typical 4 week period

5. To what level did you participate in the sport
1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. At what age did you first start doing the sportiibgl activity
Years Mths

3. At what age did you stop doing the sport/physictivdy (if applicable)

Year: Mths

4. How many times did you participate in the sportgbal activity in a typical 4 week period

5. To what level did you participate in the sport
1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. At what age did you first start doing the sportiibgl activity
Year: Mths

3. At what age did you stop doing the sport/physictivay (if applicable)

Year: Mths

4. How many times did you participate in the sportgbal activity in a typical 4 week period

5. To what level did you participate in the sport
1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'
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Bone Tumours Pilot D No:

Index Case (16 to 24 Years) Questionnaire
Study IC Family ID

Section IV Sports/Exercise

Please complete one for each sport recorded YHBawuous pageaftach extra sheets if necessary)

1. Sport/Physical Activity

2. At what age did you first start doing the sportibgl activity
Year: Mths

3. At what age did you stop doing the sport/physictivay (if applicable)

Year: Mths

4. How many times did you participate in the sportgbal activity in a typical 4 week period

5. To what level did you participate in the sport
1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. At what age did you first start doing the sportibgl activity
Year: Mths

3. At what age did you stop doing the sport/physictivay (if applicable)

Year: Mths

4. How many times did you participate in the sportgbal activity in a typical 4 week period

5. To what level did you participate in the sport
1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. At what age did you first start doing the sportibgl activity
Year: Mths

3. At what age did you stop doing the sport/physictivay (if applicable)

Year: Mths

4. How many times did you participate in the sportgbal activity in a typical 4 week period

5. To what level did you participate in the sport
1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'
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Bone Tumours Pilot D No:

Index Case (16 to 24 Years) Questionnaire

Study IC Family ID
Section V. Social Habits
I now have some questions about smoking 1oyes
2=
01. Have you ever done any of the following ,q::&
# Smoked at least 100 cigarettes in your life
# Smoked at least one cigar per week for 6 mamtienger
# Smoked at least one pipe of tobacco per were foonths or longer
If yes, ask questions below; if no, go to next section
Cigarettes Cigars Pipe
Yrs Yrs Yrs
02. How old were you when you started to smoke regy®ar Aqe | | | | | | : | |
03. Do you still smoke now? 1=yes/2=no/ 9=NK]
I R
04. If no, Yrs Yrs Yrs
How old were you when you stopped smoking? Ag1e | | | | | | | |
06. What about smoking prior to diagnosi€héck all that apply until age of diagnosis)
no. no. no.
On average how many did you smoke per délydryear before diagnosis | | | | | | | | |
no. no. no.
On average how many did you smoke per dgge?s before diagnosis | | | | | | | | |
no. no. no.
On average how many did you smoke per dggaBs before diagnosis | | | | | | | | |
no. no. no.
On average how many did you smoke per dggeds before diagnosis | | | | | | | | |
no. no. no.
On average how many did you smoke per dgges before diagnosis | | | | | | | | |
no. no. no.

On average how many did you smoke per dagttan 5 years before diagno‘;‘i‘s—l—‘
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Bone Tumours Pilot

. . ID No:
Index Case (16 to 24 Years) Questionnaire
Study IC Family ID
Section VI [lIness history
01. Did you ever have any of the following infectioqsi6r to diagnosis), and if so, can you remembegnth
ate of diagnosis of tumour:
Consu Consull
_ GP
1oves 'yes' 1=yes If ‘yes’, wh o
2=no If ‘yes’, when 2_y yes’, when 1=yes
9=NK 9:',:& 2=no
Month Year - Month Year 9=NK
Measles
Mumps

German Measles

Chicken Pox

Shingles

Whooping Cough

Pneumonia

Glandular Fever

Meningitis

Cold sores / Herpeg
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Bone Tumours Pilot D No:
Index Case (16 to 24 Years) Questionnaire

Study IC Family ID
Section VI [lIness history
Do you have, or have you ever had any of the falgv®
1=yes
2=no
9=NK
Diabete61
sthma 02

Eczema or other chra@kim conditions e.g. psoriasi33
Congenital abnormalities/syndrome}

Other neoplasms (inc.benigiy

before or since diagnosis

Herniaf6

Fracture®7

Any Bony conditions (including metallic/prostit implants)08

Other Conditions requiring regul@g
visits to clinics or hospital

Total illness records following

180




Bone Tumours Pilot
Index Case (16 to 24 Years) Questionnaire

ID No:

Study IC Family ID

Section VI [lIness history

Please complete one for each illness recorded on Page 180 (attach extra sheets as necessary)
May | have more details of these illnesses ?

illness no ICD-10
01..Condition
Month Year Years _Months

02. When was it first diagnosed ? date or age
03. How was it treated ?

1=inpatient

2=outpatient
04. WaAS ....uvviiiiiiiiiieiieeeieeaeeen treatechdmspital inpatient, an outpatient or by the GP ? jiOGtEer

(Please record as appropriate). If ‘otheeaske specify: 9=NK
GP Address
Consultant Hospital
Hospital code
illness no ICD-10
01. Condition
Month Year Years Months

02. When was it first diagnosed ? date or age
03. How was it treated ?

1=inpatient

2=outpatient
04. WS ..c.ooovveeeeececeeennn treatechdmspital inpatient, an outpatient or by the GP ? 3fGE

(Please record as appropriate). If ‘other’ apkespecify: g;,(\’ltKer

GP Address
Consultant Hospital

Hospital code
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Bone Tumours Pilot D No:

Index Case (16 to 24 Years) Questionnaire
Study IC Family ID

Section VI [lInesshistory

Please complete one for each illness recorded on Page 180 (attach extra sheets as necessary)
May | have more details of these illnesses ?

illness no ICD-10
01..Condition
Month Year Years _Months
02. When was it first diagnosed ? date or age
03. How was it treated ?
1=inpatient
2=outpatient
o . . 3=GP
04. WaAS ....oovvveiiiiiiieeeiiiieee, treatechdwspital inpatient, an outpatient or by the GP ? 4=other
(Please record as appropriate). If ‘other’ apkespecify: 9=NK
GP Address
Consultant Hospital
Hospital code:
illness no ICD-10
01. Condition
Month Year Years _Months
02. When was it first diagnosed ? date or age
03. How was it treated ?
1=inpatient
2=outpatient
04. WS ...oovveeereeeeeeeeeeren, treatechd®spital inpatient, an outpatient or by the GP ? ?;Stlt::er
(Please record as appropriate). If ‘other’ apkespecify: 9=NK
GP Address
Consultant Hospital

Hospital code
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Bone Tumours Pilot

. . ID No:
Index Case (16 to 24 Years) Questionnaire
Study IC Family ID
Section VIl Further information
Is there anything else you would like to tell m@aib
Do you have any comments on this interview? (Thay imelp in the design of studies in the future)
1=yes
May we have permission to contact you if we neethé@r information or to resolve any queries? 2=no
9=NK
Home telephone or mobile number:
hours mins
Thank you for your help and co-operation in thisinterview. Time completed:
Interview conducted by:
Place of Interview Home Clinic Other
Mode of Interview Faceto Face Phone Other
Samples Taken Blood Date
Saliva Date
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ID No:

Study IC Family ID

Person Il

Parent’s Quéastnaire

Section

Vi

Vi

VIl

Personal Details

GP Details

General Background
Employment History
General Health

Social Habits

Reproductive History (mother only)

Index Pregnancy (mother only)

Index Case
Family llinesses
Family History

Further information

184

Page
185
186
187
189
191
195
196
200
202
215
219

224




ID No:

Study IC Family ID Person I
Personal Details
Thank you for agreeing to help us with this stutjost of the
guestions | am going to ask you are about yourwierk and day montk ver
health, and about ................’s childhood and adoleseen
Time Started Hr Min

(24 hr clock)
Can | stress again that all your answers will be ®ated in the strictest confidence and the informadin
will not be passed to anyone outside the study.

Index Case Sheet no.
First Name Naase Total STeets
Address
at interview Date of Diagnosis
day montt yeal

Sex: 1=male
2=female

Postcode

Date of Birth

day montt yeal

NHS No.

Mother (or Surrogate) Parent.l.D

First Name Nzagk Title
Current
Address All previous names

Name when was born:

Postcode

NHS No.

Father (or Surrogate) Parent.l.D

First Name Nzase Title
Current
Address

Postcode:

NHS No.
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ID No:

Study IC Family ID Person II

GP Detalils

May | have (or confirm) the name and address of3Reyou areurrently registered with.

Name

Address

Postcode:

IS ettt registered with the same GP? 1=VYes
2 =No

If NO:
Name

Address

Postcode:
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ID No:

Study IC Family ID Person II

Section|  General background

1a) So that | can make this interview as short asiplesand collect the right information %zﬁ? I:'
may | ask if you are the natural motherdatbf ............... ... ? 9=NK
Date
1b)If no: thenask Whendid ...............coeeneeenn. first live wigou ? Or montt veal

cnasage [ | | | |

year«  month

If mother/father isot the biological parent limited questions to be dslsee separate instructions (Appendix A)

1=yes
2a)Has ....coooiiii ever lived away from you for longban six months? Sf&‘}’( I:'

2b) Why was this

date or age
Please could you tell me when this was?from | | | | | | | | | | |
montt yeal yeart month
date or age
oo LI PP LLfd]
montt yeal year:  month:
2b) Why was this
date or age
Please could you tell me when this was?from | | | | | | | | | | |
montt yeal yeart month:
date or age
to
montt yeal yeart month

Total number of times away
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ID No:

Study IC Family ID Person II

Section|  General background

May | ask you some general questions about yo@rself

03.What is your date of birth ?

day montt yeal

04.Would you currently describe yourself as circle 1=married/ 2=cohabiting/ 3=widowed
4=separated/ 5=divorced/ 6gl&f

05. How would you describe yourself ?

circle 1=White/ 2=Black-Carribean / 3=Black-African/ 4=8k-‘Other’/ 5=Indian/ 6=Pakistani/
7=Baadgshi/ 8=Chinese/ 9=any ‘other’ ethnic group.

If other:

How would you describe yourself ?

years
06. How old were you when you left school?
07.Do you have any educational qualifications such as L
=yes
CSEs /'O’ Levels / ‘O’ Grades / GCSEs / or theiug@lents ? Szm(
Highers / ‘A’ levels or their equivalents ? %iﬁff
9=NK
1l=yes
Any higher or peesional qualifications ? 31?(
If yes:
What are these qualifications ?
08. Do you own or rent your current home ? Imrer/ 2=tenant/ 3=other/ 9=NK

If other : specify

If tenant, who do you rent it from? 1=council/ 2=housing association/ 3=pyad=other/ 9=NK

If other : specify
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ID No:

Study IC Family ID Person II

Section Il Employment History

Please go through the employment section of the pre-interview questionnaire (Appendix B), confirm
jobs and dates recorded, and correct where necessary. Show card listing exposures as below.

Then ask the following about each job in turn.

| would like to ask you some more details abouhezcyour jobs

Did your job as ever involve iyoiandling or being exposed to:

Show prompt card and code answers on the pre-inamwquestionnaire

None 0
Solvents, degreasers or cleaning agents sucmaste toluene or carbon tetrachloride? 1
Paints, lacquers, paint removers, turpentine prsdor thinners? 2
Dyes or pigments? 3
Petrol, petroleum products or paraffin? 4
Lead or compounds containing lead? 5
Fertilizers? 6
Pesticides, fungicides or herbicides? 7
Radioactive materials, X Rays or any other kintbafzing radiation? 8
Wood dust/Sawdust (including MDF)? 9
Farm Animals/ Poultry? 10

Unknown? 11

Fill in after interview

Section I Employment History Mother/father Detall Number of sheets
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ID No:

Study IC Family ID Person I
Section I Employment History Exposure Record Page:

To be completed for any job where an exposure is reported. Fill in after interview
Complete record for each exposure. Total number of job exposures
01. Do you remember the names of the materials inval\gakcify) Job NEI:'

RN
02.Did you yourself work with &s above)? 1=Yes 2=No 9=NK I:'
03. Please can you describe in detail your contact with as gbove)?

|

04. Over what period was this? Date from to
montf eal montl eal
e [ T17 *©[LLT1]
years  month: year:  montht
If exposure was to ionizing radiation; D
05. During this time were you monitored for exposureadiation? 1=Yes 2=No 9=N

If ye:, how Circle 1=film badge/ 2= blood tests/ 3=film badge & blaedts/ 4=other/ 9=NK I:I
If other: specify D

01. Do you remember the names of the materials inval\gakcify) Job No.

RN
02.Did you yourself work with &s above)? 1=Yes 2=No 9=NK I:'
03. Please can you describe in detail your contact with as gbove)?

|

04. Over what period was this? Date from to
montf yeal montf yeal
Or Age to
year:  month: year:  montht
If exposure was to ionizing radiation; D
05. During this time were you monitored for exposureadiation? 1=Yes 2=No 9=N
If ye:, how Circle 1=film badge/ 2= blood tests/ 3=film badge & blaedts/ 4=other/ 9=NK :I
If other: specify _I
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ID No:

Study IC

Family ID Person II

Section Il General health

1. What is your height? D

OR

If Respondent is Mother

2. At what age did you start your periods?

If Respondent is Father

3. At what age did you start shaving regularliwice/week?

4. At what age did your voice change?

191
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Year: Mths

Year: Mths

Year: Mths




ID No:

Study IC Family ID Person II

Section Il General health llInesses

Do you or have you ever suffered from any of the flowing illnesses?:

1=yes
oK
Diabetes 1
Thyroid disease 2
Rheatoid arthritis 3
Asthma 4
Epilepsy 5
Leukaemialoymphoma 6
Other cancer or malignarttmour 7
Benign tumour 8
Hereditary disease 9
Congtatiabnormality 10
Chronic illness 11

If ‘yes’ to any of above, please complete a recoffdr each condition
And enter the total number of illnesses below.

Total number of illess records to follow:
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ID No:

Study IC Family ID Person II

Section Il General health llInesses

Please complete for each illness listed on the previous page (attach extra sheets if necessary).

Illnessno. 1CD-10

01. Condition? | | | | | | | I:I

02. What treatment did you have ?

03. Can you remember the date this condition began ? date
montk yeal
or: or
How old were you ? age

year«  month

04.Were you treated :
1=as a hospital in patient/ 2=as an outpatiertdy3/our GP/ 4=other/ 9=NK

if other: Specify
05. Which hospital did you attend when the treatmegiabe (f appropriate ) ?

Name

Address

Who was the consultanif(appropriate) ? Hospital

Illnessno. 1CD-10

01. Condition? :I

02. What treatment did you have ?

03. Can you remember the date this condition began ? datel | | | | | |
montt yeal
or: or
How old were you ? age

year«  month

04.Were you treated :
1=as a hospital in patient/ 2=as an outpatiertdy3/our GP/ 4=other/ 9=NK

if other: Specify
05. Which hospital did you attend when the treatmegiabe (f appropriate ) ?

Name

Address

Who was the consultanif(appropriate) ? Hospital ¢
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ID No:

Study IC Family ID Person II

Section Il General health llInesses

Please complete for each illness listed on the previous page (attach extra sheets if necessary).

Illnessno. 1CD-10

01. Condition? | | | | | | | I:I

02. What treatment did you have ?

03. Can you remember the date this condition began ? datel | | | | | |
montk yeal
or: or
How old were you ? age

year«  month

04.Were you treated :
1=as a hospital in patient/ 2=as an outpatiertdy3/our GP/ 4=other/ 9=NK

if other: Specify
05Which hospital did you attend when the treatmegale {f appropriate ) ?

Name

Address

Who was the consultanif(appropriate) ? Hospital ¢

Illnessno. 1CD-10

01.Condition? I:I

02.What treatment did you have ? _ I:I:I
03. Can you remember the date this condition began ? datel | | | | | |
montk yeal
or: or
How old were you ? age

year«  month

04.Were you treated :
1=as a hospital in patient/ 2=as an outpatiertdy3/our GP/ 4=other/ 9=NK

if other: Specify
05.Which hospital did you attend when the treatmegale {f appropriate ) ?

Name

Address

Who was the consultanif(appropriate) ? Hospital
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ID No:

Study IC Family ID Person I
Section IV Social Habits
I now have some questions about smoking 1=yes
. 2=no
01. Have you ever done any of the following QN

# Smoked at least 100 cigarettes in your life

# Smoked at least one cigar per week for 6 mamtienger

# Smoked at least one pipe of tobacco per were foonths or longer

If yes, ask questions below; if no, go to next tiec

Cigarettes Cigars Pipe

Yrs Yrs Yrs
02. How old were you when you started to smoke regyitar Ade :
03. Do you still smoke now? 1=yes/2=no/ 9:NK|:| I:' I:'
04.1f no, Yrs Yrs Yrs

How old were you when you stopped smoking? Ag1e | | | | | | | |

05.What about during the one ydzafore was born?

no. no. no.

On average how many did you smoke per day? | | | | | | | | |

06. What about during the pregnancy - On average hanyrdid you smoke per day?

no. no. no.

Before you knew you were pregnant | | | | | | | | |
no. no. no.

During T trimester (after mother knew she was pregnant) | | | | | | | | |
no. no. no.

During 2" trimester | | | | | | | | |
no. no. no.

During 3° trimester | | | | | | | | |

07. What about after was?iOheck all that applyuntil______ age of diagnosis)

On average how many did you smoke perdaywhen____ <12 mths of age | |no. | | n|0. | | n|o. |
no. no. no.

On average how many did you smoke perdaywhen____ 1 -4 years of age | | | | | | | | |
no. no. no.

On average how many did you smoke perdaywhen  5-9 years of age | | | | | | | | |
no. no. no.

On average how many did you smoke perdaywhen___ 10-14 years of age | | | | | | | | |
no. no. no.

On average how many did you smoke perdaywhen___ 15-19 years of age | | | | | | | | |
no. no. no.

On average how many did you smoke perdaywhen___ 20-24 years of age | | | | | | | | |
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ID No:

Study IC

Family ID

Person Il

Section V

Reproductive History (mother only)

Now, | would like to ask a few questions about aijfour pregnancies, including any ectopics, miscaraiges, stillbirths
and terminations, starting with theifst.

01. Initials
02. ID of Pregnancy P P P
03.When did the
pregancyend? [ [ | [ [ [ [ | LLLTTT[HW [LLIT[T]
_ montt veal montt veal montt veal
04.How many weeks did
the prognancy last) || juee [ ] Joee [ [ e
i A 1=live birth 1=live birth 1=live birth
05.Was this a: 2=miscarriage 2=miscarriage 2=miscarriage
. o 3=still birth |:| 3=still birth I:' 3=still birth |:|
(Miscarriage = <20 wks |/ _ 0 o i on/abortion 4=termination/abortion 4=termination/abortion
stillbirth = 20+ wks) 5=ectopic 5=ectopic 5=ectopic

6=hydatid mole

6= hydatid mole

6=hydatid mole

06.How was the

] 1=normal 1=normal 1=normal
baby delivered? 2=assisted 2=assisted 2=assisted
(if appropriate) 3=caesarean |:| 3=caesarean |:| 3=caesarean I:'
9=not known 9=not known 9=not known
1=male 1=male |:| 1=male I:'
07. What sex was the | 2=temale I:' >=female >=female
baby? 9=NK 9=NK 9=NK
| | | |bs| | | 0z | | | |bs| | | oz Ibs| | | oz
08. What was the baby’s S
. . 1=yes 1=ves 1=yes
09. Did this baby have 2=no I:' 4 I:' 2=n0 I:'
2=no
the same father as 9=NK 9=NK 0=NK
...................... ?
10Was there anything 1=yes 1=yes 1=yes
wrong with the baby 2=no I:' 2=no I:' 2=no I:'
noted during pregnandy? °=NK 9=NK 9=NK
If ‘yes’ please detail p 15
11 Was there anything 1=yes 1=yes 1=yes
wrong with the baby | 2=no I:' 210 I:' 2=no I:'
noted shortly after birth? 9=NK o 9=NK
If ‘yes’ please detail p 15
. 1=yes 1=yes 1=yes
12.1s he/she alive and 2=no I:' 2=no I:I =10 I:I
well?(Do not ask for| 9=NK 9=NK 9=NK
index child)
131f ‘no’: date of death
HEEEEEEE BN EEEEEEEN
day montt yeal day montt yeal day montf yeal

14. Cause of death

15. Place of death (town)
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ID No:

Study IC Family ID Person I
Section V Reproductive History (mother only)
Continued from page 196(attach extra sheets if necessary)
01. Initials
02. ID of Pregnancy P P P
03.When did the
regnancy end? | | |
pregnancy HEEEEN SN e
_ montk veal montl veal montt veal
04.How many weeks did
the pregnancy last? eek: Week: eek:
L. 1=live birth 1=live birth 1=live birth
05.Was this a: 2=miscarriage 2=miscarriage 2=miscarriage
o 3=still birth I:' 3=still birth I:' 3=still birth I:'
(MIISC.arrlzige = <20 wks 4=termination/abortion 4=termination/abortion 4=termination/abortion
stillbirth = 20+ wks) 5=ectopic 5=ectopic 5=ectopic

6=hydatid mole

6=hydatid mole

6=hydatid mole

06.How was the

] 1=normal 1=normal 1=normal
baby delivered? 2=assisted 2=assisted 2=assisted
if appropriate 3=caesarean 3=caesarean 3=caesarean
(if appropriate)
9=not known 9=not known 9=not known
1=male 1=male I:I 1=male
07. What sex was the | 2=female I:I >=—temale >—female
baby? 9=NK 9=NK 9=NK
| | | Ibs| | | oz Ibs| | | oz | | | |bs| | | oz
08. What was the baby'’y S
. . 1l=yes 1=ves 1l=yes
09. Did this baby have | -ng D e D =10 D
the same father as 9=NK a=NK 9=NK
...................... ?
10. Was there anything 1=yes 1=yes 1=yes
wrong with the baby 2=no I:' 2=no I:' 2=no I:'
noted during pregnandy? ="K 9=NK 9=NK
If ‘yes’ please detail p 15
11. Was there anything | 1=yes 1=yes 1=yes
wrong with the baby 2=no I:' gi:ﬁ( I:' 2-no I:'
noted shortly after birth? 9=NK . 9=NK
If ‘yes’ please detail p 15
. 1=yes 1=yes 1=yes
12. Is he/she alive and | 2=no |:| 2=no I:' 2=no |:|
well?(Do not ask for| 9=NK 9=NK 9=NK
index child)
13. If ‘no’: date of death
AN NN EEEEEEEe
day montk yeal day montk yeal day montt yeal
14. Cause of death
15. Place of death (town)
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ID No:

Study IC

Family ID

Person Il

Section V

Reproductive History (mother only)

FURTHER DETAILS:

Please identify if additional details refer to Q10quring pregnancy) or Q11(shortly after birth) on Pages 196/197.

(attach extra sheets if necessary)

Pregnancy Number| p

Q10/11 Details ICD
Pregnancy Number| p
Q10/11 Details ICD
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ID No:

Study IC

Family ID

Person Il

Section V

Reproductive History (mother only)

FURTHER DETAILS:

Please identify if additional details refer to Q10quring pregnancy) or Q11(shortly after birth) on Pages 196/197.

(attach extra sheets if necessary)

Pregnancy Number| p

Q10/11 Details ICD
Pregnancy Number| p
Q10/11 Details ICD
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ID No:

Study IC Family ID Person I
Section VI Index Pregnancy (mother only) llinesses
| would like to ask you now in more detail aboutiy@regnancy With.............c..ooooiiiii i iinenns,
01. What type of antenatal care did you have ? 1=hospital/ 2=shared/ 3=G.P./ 4=none/ 5=otlgariNK

if other: specify

02. Which GP and consultant looked after you duringrymmegnancy?

GP Consultant

Address itellosp

Hospital code

03. At any_time during the pregnancy were you admitte_tiospital forany reason 1=yes

including an emergency admission 24 htefere delivery ? 2=no
9=NK

If no: goto Page 18

If yes: complete for each admission

i)Why was this ?

i) When was this (weeks since LMP) ? from week to week

iii) Which hospital ?

iv)Who was the consultant ? Hospital code]

i) Why was this ?

i) When was this (weeks since LMP) ? from week to week

iii) Which hospital ?

iv)Who was the consultant ? Hospital code]

Total number of admissions

200



ID No:

Study IC

Family ID

Person Il

Section VI

Index Pregnancy (mother only) llinesses

01. We are interested in illnesses which you may hakduring your pregnancy with

Did you have any of the following?

1=yes
2=no
9=NK

Weeks of pregnancy since last LMP

From week

To week

From week

To week

Treatment

German measles

Measles

Shingles

Chickenpo:

Glandular fever

Mumps

Pneumonia

Influenza

Cystitis or
Kidney infection:

Any other infection
(Please specif

02.During your pregnancy did you have any other il@ssor conditions requiring visits to your doctor? 32

If yes:

9=NK

What was wrong?

When was this (weeks since LMP)?

What treatment did you have?

from v

eek

to week

What was wrong?

When was this (weeks since LMP)?

What treatment did you have?

from v

eek

to week
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ID No:

Study IC Family ID Person I
Section VI Index Case Neo-natal history
| would like to ask you about ...l 's. Birtand early childhood.
01.Where wWas ........coovvevvieviineennennnn, born 1=hospital / 2 = GP unit / 3=Home/ 4= other
If other specify
Name (Hospital/ GP Unit)
Address(Hospital/ GP Unit)
Hospiti|co

021In total, how many dayswas ..................... in the hosphal days

03Was the baby admitted to special care baby UB@BU ) after birth?
If yes:

Why was this?

1=yes/2=no/ 9=NK

How was he/she treated?

How many days was .............cceeeeenen. kept in the special dzaby unit ? days
04.Did the baby have any illness or abnormality natelirth, or shortly after birth yes/2=no/ 9=NK
(In addititmquestion 11 on page 10)

If yes:
Please describe this?
How was he/she treated?
How many days old was ........................ at the time? days
05. Was the baby kept in hospital for any reason,\erga follow-up appointment? 1=yesio/ 9=NK

If yes:

Why was this?

How was he/she treated?
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ID No:

Study IC Family ID Person I
Section VI Index Case Early life and Development
01. Was ......ccoeeveviiee e, breast fed at all? 1siZeno/ 9=NK
IFNO;gotoQ4
IF YES:
Days Weeks Months
02.For how long (until CHILD was what age) were youigg or or
........................... ONLY breastmilk??
Days Weeks Months
03. Howoldwas ................... When you gave your last brezestf
04. Did you ever use formula milk? 1=yes/2=BoNK
IF No: go to Q6
IF YES Days Weeks
05a) Howold was ............. when he/she had his /her fiostfula feed ?
05b) Was this soya based ? 1=yes/2=no/ 9=NK

Years Months

06.At what age did you introduce cow’s milk ?

Months Weeks

07.Howoldwas .............. when you first introduced sdiobd ? or
Years Months
08. Atwhatage did............ccoovvviiiiiiiieee e begin sitting thbut support ?
09.Atwhat age did..........cccooiiiii i begin crawling oroving about ?
10.Atwhatage did...........cccooviiiiiiii e begin walking ?
11.Did e attend the recommended developtakchecks? 1=yes/2=no/ 9=NK
12. At the development checks were there any problergs with growth or weight gain; or hearing or sxf_?ggo lems ?
IF YES; please specify f:?.‘;
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ID No:

Study IC Family ID Person II

Section VI Index Case Vaccinations

Ask questions 2 - 4
Please check all the immunisations on record caddransfer details to vaccinations record on Pdje

1l=yes
01. Record card seen (fill in by interviewer) gjm
. . o i . 1=
02. Did ... have all the recommended immunisasialuring the first years of life? zzﬁis
O=NK
IF NO:
03. Which ones were missed or not given and why wa&thi
Name
Reason
Name
Reason
Name
Reason
1=yes
04.Did ..ooviiiii i ever have any other vaccinations, dgample for a foreign holiday? 2=no
9=NK
IF YES:
Which ones were they?
()Name
Years Months
(i) How old was he/she at the time?
(i) Name
Years Months
(i) How old was he/she at the time?
(i) Name
Years Months
(i) How old was he/she at the time?
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ID No:

Study IC Family ID Person II

Section VI Index Case Vaccinations

Details on this form were taken from:
1 - Mother’s record / 2 - GP record ca8d/ clinic record card/ 4 - other/ 9 - NK

If other : please specify

Details recorded at interview 1=yes/2=no/ 9=NK

“Triple Vaccine”

Diphtheria/ HIB Diphtheria/ Polioaps
Tetanus/ Tetanus

Whooping cough

Day Month  Year Day oMh Year Day Month  Year Day oith  Year

Pt TT T T T T T T T T ITICLII T TT I TITITTITIT
bosep | [ [ I TP TOTITTIITTIIIPTPITTTTTT T

S NN EEEEEEEE EEEEEEEn EEEEEEEE
Booster HNEEEEENEEEEEEEE

Other vaccinations

Immunization Baiven
Day Month  Year Day Mon Year

smallpox LLLITILET ogtorece LT TTTT]
sce [TITTIIL] Jens [(TTTTTT11]
Meass [T 2o, [(TTTTTI1]
Measles/Mumps/Rubelld T T 1 [ | | | | (Si:iélfedose) [TTTTTT7T1
Rubella (alone) [TTTTTTT] other ——paanEEEn

over______[TTITITT]

Other HEEENEEER

aose s
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ID No:

Study IC Family ID Person II

Section VI Index Case Growth

1. What was

length at birth? — OR

2. At what age did

enter infant@cfytear 1)?

OR Year: Mths
When did enter infant SofYtear 1)?
montt veal
3. When entered infant schoolr(Y)e&@ompared to other
children in the same class, was he/she 1=Taller/ 2=Shorter/ 3= Average Height
4. At what age did enter junior slctear 4)?
OR Year: Mths
When did enter junior sctear 4)?
montt veal
5. When entered junior schoolr(¥gaompared to other
children in the same class, was he/she 1=Taller/ 2=Shorter/ 3= Average Height
6. Atwhat age did enter secondapos (Year 7)?
OR Year: Mths
When did enter secondanos€Year 7)?
montt veal
7. When entered secondary scheat ), compared to other
children in the same class, was he/she 1=Taller/ 2=Shorter/ 3= Average Height
8. At what age did leave school?
OR Year: Mths
When did leave school?
montt veal
9. When left school, comparedthier o
children in the same class, was he/she 1=Taller/ 2=Shorter/ 3= Average Height
10.What was height at diagnosiﬂ OR
If not known ask Q11 ft in cm

11. Around the time when

children of same age, was he/she 1=Taller/ 2=Shorter/ 3= Average Height

was diaghasth a bone tumour, compared to other
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ID No:

Study IC Family ID Person I
Section VI Index Case Puberty
If Index case is FEMALE
5. At what age did notice any change in headis?
Year: Mths
6. At what age did shoot up in height?
Year: Mths
OR
At what age did suddenly outgrowdhathes?
Year: Mths
OR
At what age did suddenly increaseshee size? - S
7. At what age did start her periods?
Years Mths
If the Index Case is MALE
1. Atwhat age did shoot up in height?
Years Mths
OR
At what age did suddenly outgrowcloghes?
Year: Mths
OR
At what age did suddenly increaseshoe size?
Years Mths
2. At what age did start shaving regulanwiee/week?
Year: Mths
3. Atwhat age did his voice change?
Years Mths
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ID No:

Study IC Family ID Person II

Section VII Index Case Sports/Exercise

Which of the following sports or physical activiidid participate at any time

prior to diagnosis?

Swimming

Cycling

Horse Riding

Walking/Hiking > 2 miles
Running/Jogging/Cross-Country
Skiing/Snowboarding

Athletics

Aerobics/Dance Exercise

© ©® N o g bk~ w NP

Gymnastics

10.Matrtial Arts (Judo, Karate, etc.)

11. Street Sports (skate boarding, rollerblading, etc.)

12.Weight lifting or weight training
13.Football
14.Rugby

15. Cricket

16. Basketball
17.Netball

18. Hockey
19.Tennis
20.Badminton
21.Squash
22.0thers
23.0thers
24.0Others

208

1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/ 2=No
1=Yes/2=No

1=Yes/ 2=No

CE T e CIEET S e See Heet Cecd O



ID No:

Study IC Family ID Person II

Section VII Index Case Sports/Exercise

Please complete one for each sport recorded YHEBauous pageaftach extra sheets if necessary)

1. Sport/Physical Activity

2. Atwhat age did first start doing thergphysical activity
Year: Mths
3. At what age did stop doing the spor8jday activity (if applicable) I:l:l:l:'
Year: Mths
4. How many times did participate in thargphysical activity in a typical 4 week period
5. To what level did participate in therspo

1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. Atwhat age did first start doing thergphysical activity
Year: Mths
3. Atwhat age did stop doing the spor8day activity (if applicable) I:l:l:l:'
Year: Mths
4. How many times did participate in thargphysical activity in a typical 4 week period
5. To what level did participate in therspo

1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. Atwhat age did first start doing thergphysical activity
Year: Mths
3. At what age did stop doing the sportjlay activity (if applicable) I:l:l:l:'
Year: Mths
4. How many times did participate in thargphysical activity in a typical 4 week period
5. To what level did participate in therspo

1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'
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ID No:

Study IC Family ID Person II

Section VII Index Case Sports/Exercise

Please complete one for each sport recorded YHEBauous pageaftach extra sheets if necessary)

1. Sport/Physical Activity

2. Atwhat age did first start doing thergphysical activity
Year: Mths
3. At what age did stop doing the spor8jday activity (if applicable) I:l:l:l:'
Year: Mths
4. How many times did participate in thargphysical activity in a typical 4 week period
5. To what level did participate in therspo

1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. Atwhat age did first start doing thergphysical activity
Year: Mths
3. Atwhat age did stop doing the spor8day activity (if applicable) I:l:l:l:'
Year: Mths
4. How many times did participate in thargphysical activity in a typical 4 week period
5. To what level did participate in therspo

1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'

1. Sport/Physical Activity

2. Atwhat age did first start doing thergphysical activity
Year: Mths
3. At what age did stop doing the sportjlay activity (if applicable) I:l:l:l:'
Year: Mths
4. How many times did participate in thargphysical activity in a typical 4 week period
5. To what level did participate in therspo

1=Informal/ 2=School or Local/ 3=County or Regional/ 4=National/ 5=International I:'
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ID No:

Study IC Family ID Person I
Section VII Index Case lliness history
01. D] T have any of the following infectionprfor to diagnosis), and if so, can you remember
when?
ate of diagnosis of tumour:
Consu Consull
_ GP
1=yes . 1=ves i ves'. wh GP
2=no If ‘yes’, when 2_y yes’, when 1=yes
9=NK 9:',:& 2=no
Month Year - Month Year 9=NK
Measles
Mumps

German Measles

Chicken Pox

Shingles

Whooping Cough

Pneumonia

Glandular Fever

Meningitis

Cold sores / Herpeg
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ID No:

Study IC Family ID Person I
Section VI Index Case lliness history
Does...ccveiviiiienen, have, or has he/she ever had anyeofalfowing ?

1=yes

2=no

9=NK
Diabete61
sthma 02

Eczema or other chrakim conditions e.g. psoriasi33
Congenital abnormalities/syndromet

Other neoplasms (inc.benigy

before or since diagnosis

Hernia®6

Fracture®7

Any Bony conditions (including metallic/prostic implants)08
Other Conditions requiring regul@®

visits to clinics or hospital

Total illness records following
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ID No:

Study IC

Family ID

Person Il

Section VII Index Case lliness history

Please complete one for each illness recorded on Page 212 (attach extra sheets as necessary)

May | have more details of these illnesses ?

illness no ICD-10
01.Condition
Month Year Years _Months

02.When was it first diagnosed ? date or age
03.How was it treated ?

1=inpatient

2=outpatient
04.WaAS ...ouvviiiiiiiiiiiiiieeieeeeeene treatechdmspital inpatient, an outpatient or by the GP ? jiOGtEer

(Please record as appropriate). If ‘otheaske specify: 9=NK
GP Address
Consultant Hospital
Hospital code
illness no ICD-10
01.Condition
Month Year Years Months

02.When was it first diagnosed ? date or age
03.How was it treated ?

1=inpatient

2=outpatient
04.WaS ..o treatecdmspital inpatient, an outpatient or by the GP ? 3=GP

; ‘ ) T 4=other
(Please record as appropriate). If ‘other’ apkespecify: 9=NK

GP Address

Consultant Hospital

Hospital code
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ID No:

Study IC

Family ID

Person Il

Section VIl Index Case lliness history

Please complete one for each illness recorded on Page 212 (attach extra sheets as necessary)

May | have more details of these illnesses ?

illness no ICD-10
01.Condition
Month Year Years Months
02.When was it first diagnosed ? date or age
03.How was it treated ?
1=inpatient
2=outpatient
o . . 3=GP
04.WaS ....oovvveiiiiiiiiee i, treatechd®spital inpatient, an outpatient or by the GP ? 4=other
(Please record as appropriate). If ‘other’ apkespecify: 9=NK
GP Address
Consultant Hospital
Hospital code:
illness no ICD-10
01.Condition
Month Year Years _Months
02.When was it first diagnosed ? date or age
03.How was it treated ?
1=inpatient
2=outpatient
04. WS ...oovveeereeeeeeeeeesen, treatechd®spital inpatient, an outpatient or by the GP ? ?;Stlt::er
(Please record as appropriate). If ‘other’ apkespecify: 9=NK

GP Address

Consultant Hospital

Hospital code
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ID No:

Study IC

Family ID

Person Il

Section VI

Family illness

MOTHER ONLY : We are interested in certain illnesses

's brothers and sisters may have had,

Including half-brothers and sisters. (Refer backlistetric history Page 196-197 and go througbrecies)

FATHER ONLY Do you have any children who are not membethkistfhousehold?

If yes: How many?

1=yes
2=no
9=NK

Initials

Month and Year of Birth

(Ask for all si

blings)

Has.<sibling> ever been diagnosed with any of the following ?

Pregnancy number: /F1

1=yes,2=n0,9=NK 1=yes,2=n0,9=NK 1=yes,2=nblR= 1=yes,2=n0,9=NK
01. Diabetes
02. Leukaemia or
Lymphoma
03. Other cancer
or tumour
04. Asthma/Eczema
05. Congenital
Abnormalities
06. Chronic lliness
07. Any Bony
Condition
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ID No:

Study IC Family ID Person II

Section VIII Family illness

Please complete for each illness recorded above.
May | have more details of these illnesses ? (cadprd details not already obtained).

Preg. No./ID
illness no. _icd code
Condition
Month/Year of birth | | | | | | | Date of death
montt yea day month year
Cause of death Place of death
Yrs Mths

HOW Old WaS......coeiiiiiiiiiiiiiaiie e when it was first diagnosed?

1=inpatient

2=outpatie
WaS.....cceeieveeerssseneeeeneeenn. ire@ated as a hospital inpatient, an outpatiertyyahe GP? ?lig;tl;:er
(Please record as appropriate). If ‘other’, plegsecify 9=NK

Further details:
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ID No:

Study IC Family ID Person II

Section VIII Family illness

Please complete for each illness recorded above.
May | have more details of these illnesses ? (ocedprd details not already obtained).

Preg. No./ID
illness no. icd code
Condition
Month/Year of birth | | | | | | | Date of death
montt yeal day month year
Cause of death Place of death
Yrs Mths

HOW Old WaS.......ccvvviiiiieceeeee e cmemeer e when it was first diagnosed?

1=inpatient

2=outpatie
WaS......cccoeeveveeeeenenenennne.... reated as a hospital inpatient, an outpatierbydhe GP? j:GtE
(Please record as appropriate). If ‘other’, plegsecify g;ﬁlKer

Further details:
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ID No:

Study IC Family ID Person II

Section VIII Family illness

Please complete for each illness recorded above.
May | have more details of these illnesses ? (cadprd details not already obtained).

Preg. No./ID
illness no. _icd code
Condition
Month/Year of birth | | | | | | | Date of death
montt yea day month year
Cause of death Place of death
Yrs Mths

HOW Old WaS......coeiiiiiiiiiiiiiaiie e when it was first diagnosed?

1=inpatient

2=outpatie
WaS.....cceeieveeerssseneeeeneeenn. ire@ated as a hospital inpatient, an outpatiertyyahe GP? ?lig;tl;:er
(Please record as appropriate). If ‘other’, plegsecify 9=NK

Further details:
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ID No:

Study IC Family ID Person II

Section IX Family History #nstructions For Questionnaire

I would now like to ask you some questions abouir yamily.

We are interested in both how many close relatyoeeshave and whether they have had some
particular illnesses.

Firstly, please may | have some details of your parents and your brothers and sisters and
their children. Also include any children and gtahildren you may have. This gives us an idea

of the size of your family.

Now | should like to know whether any of your faynthembers have ever developed tumours,
cancer, leukaemia, or any other growths. If seagé would you let me have some details about
the type of condition and when it was diagnosedyolr (sister/brother/etts appropriate) still
alive? (f not obtain date and cause of death)
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ID No:

Study IC Family ID Person I
Section IX Family History Summary
Line | Initials Relation to Line Month & Date and Specified illness (complete separate sheet foeshrdetails) Alive-1
No. respondent No.(s) of | Year of birth | place Dead-2
Parent(s) of death NK-9
1 Father
2 Mother

.Mk i i 6l A i Ml ——S—§—_—_—_—_—_nS"—S—§—§S§—S§—§—_P——_—_—€—€—§—S——S—S—S—S—"—§y
3 Brother/Sister

Nieces/Nephews

e —
4 Brother/Sister

Nieces/Nephews
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ID No:

Study IC Family ID Person I
Section IX Family History Summary
Line | Initials Relation to Line Month & Date and Specified illness (complete separate sheet foeshrdetails) Alive-1
No. respondent No.(s) of | Year of birth | place Dead-2
Parent(s) of death NK-9
Brother/Sister

Nieces/Nephews

Brother/Sister

Nieces/Nephews

Brother/Sister

Nieces/Nephews
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ID No:

Study IC Family ID Person I
Section IX Family History
Line | Initials Relation to Line Month & Date and Specified illness (complete separate sheet foeshrdetails) Alive-1
No. respondent No.(s) of | Year of birth | place Dead-2
Parent(s) of death NK-9
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ID No:

Study IC Family ID Person II

Section IX Family History Details

The following 3 questions apply to ahlpod relatives other than your children, parents olirgys or
their children i.e. to grandparents, aunts, unatebfirst cousins under 55 years of age.
1=yes

01. Have any developed cancer, leukaemia or lymphoma? Sf:&

1=yes

02. Are you aware of any congenital illnesses or coowlét in such relatives? gfm

1=yes

03. Are you aware of any hereditary illnesses or comalst in your family? S:R&

If the answer to any of the above is “yes”, pleem@plete brief summary information below

Initials Sex |Relationship  [L=pat Conditior Age

=ma
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ID No:

Study IC Family ID Person I
Section X Further information

Is there anything else you would like to tell m@ab
Do you have any comments on this interview? (Thay imelp in the design of studies in the future)

1=yes
May we have permission to contact you if we neethér information or to resolve any queries? 2=no

9= NK

Home telephone or mobile number:
hours mins

Thank you for your help and co-operation in this irterview. Time compl eted:

Interview conducted by:

Place of Interview Home Clinic Other
Mode of Interview Face to Face Phen Other
Samples Taken Blood Date

Saliva Date
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ID No:

Study IC Family ID Person II

Appendix A INSTRUCTIONS FOR INTERVIEWING NON-BIOLO GICAL PARENTS.
Pre interview questionnaires

When sending out pre interview questionnaires to-mological parents note clearly that we only riegu
information dating from when they and the INDEXIdrecommenced living together.

The questionnaire.
1. General background

Page 4 : Ask when the child first came to livehwitie family.
Page 5 Ask this page as normal.

Il Employment History
Only take details of jobs that parents have hacesihe index child came to live with the family
11 General health

Do not ask these questions of non-biological patéittin with 9’s (since there is no genetic arm cell link)
as details are unknown for the natural parents.

\Y Social Habits

For this question we can only really ask aboutkdex child’s exposure to passive smoking aftey tteme to
live with the family.

Question 1) ask as normal, “Have you ever smokgdathe following ...."

Omit next question, “How old were you when you &drsmoking regularly?”

Question 3) as normal, “Do you still smoke?”

If NO to Question 3), ask question 4) as normal thieth ask “Was that before index child came to i
g

K‘O\L(Jl.zs to the above question, then leave smokingstjans and go to next section

If YES to Question 3), ask question 5), 6) ands/harmal

\% Reproductive History

Make a note that the natural mother is not avalalold leave this section.

VI Index Pregnancy

Make a note that the natural mother is not avadlalnld leave this section.

VIl Index Case - Neo-natal history
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ID No:

Study IC Family ID Person II

If child adopted as a baby the respondent may khese answers.

Fill this section with 9’s if the respondent doed know

VIl Index Case — Early Life and Development

Begin this section with question 6), “At what age gou introduce cow’s milk?”

Fill in boxes with 9’s prior to question 6) in thegction

VIl Index Case — Vaccinations, Growth, Puberty, Spds/Exercise, lliness History

Again adapt this section to the situation. It kely the respondent will have some details aboaictiild’s
illness history.

This may also apply to the Vaccination record.
VIII - Family lllnesses

Unless any other children in the household areadigttelated to the index child, it is not relevantake
details on this section.

IX Family History

This section should not be asked of non-biologieaents. If the respondent knows of any medicatlitmms
known to be in the natural family of the index,gde take details .

X Further Information.

As normal.
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ID No:

Study IC Family ID Person II

Appendix — B Occupational History

Please could you fill in as much detail as you ceemember about all the jobs you have had since iegv
school until...................... , Starting with the first andricluding time as a student. If possible, please
specify your job title and state exactly what yod.d

National Insurance Number, ifknown [ T 1 T T[T 1 1T 1]
employer job title start
street duties | | | | | | |
m locality month year
finish
o NN
county month year
employer job title start
street duties | | | | | | |
m locality month year
finish
t
o RN
county month year
employer job title start
street duties | | | | | | |
m locality month year
finish
o NN
county month year
employer job title start
street duties | | | | | | |
locality month year
finish
t
o RN
county month year
employer job title start
street duties | | | | | | |
m locality month year
finish
o NN
county month year

Please use continuation form if necessary
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ID No:

Study IC Family ID Person II

Appendix — B

Occupational History (continued)

employer job title start
street duties | | | | | | |
I:I:I locality month year
finish
o NN
county month year
employer job title start
street duties | | | | | | |
I:I:I locality month year
finish
o RN
county month year
employer job title start
street duties | | | | | | |
I:I:I locality month year
finish
o NN
county month year
employer job title start
street duties | | | | | | |
I:I:I locality month year
finish
o RN
county month year
employer job title start
street duties | | | | | | |
I:I:I locality month year
finish
t
- NN
county month year
employer job title start
street duties | | | | | | |
I:I:I locality month year
finish
o NN
county month year
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ID No:

Study IC

Family ID

Please could you fill in the addresses of all hoasehere you have lived for longer than one yeaarting

with where you lived the year before
has lived up until..

Appendix —C

Residential History

If you can remember ANY part of the postcode |t vkd)lbe most helpful

Address

Moved in

whsern, andALL addresses

Moved out

IO_|_1| street

locality

th
mon (Birth) year

town

county

Postcode‘

month year

|0_|2_| street

locality

month year

town

county

Postcode‘

month year

|0_|3_| street

locality

month year

town

county

Postcode‘

month year

|0_|4_| street

locality

month year

town

county

Postcode‘

month year

|0_|5_| street

locality

month year

town

county

Postcode‘

Please use continuation form if necessary
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ID No:

Study IC

Family ID Person II

Address

Appendix —C

Residential History (continued)

Moved in

Moved out

street

locality

th
mon (Birth) year

town

county

Postcode‘

month year

street

locality

month year

town

county

Postcode‘

month year

street

locality

month year

town

county

Postcode‘

month year

street

locality

month year

town

county

Postcode‘

month year

street

locality

month year

town

county

Postcode‘
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Please use continuation form if necessary
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