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ABSTRACT

Laura-Maria Madanat-Harjuoja

Late effects of cancer at a young age: Registry-bad studies of the health of
cancer patients and their offspring

The Department of Paediatrics, Turku University pitad, University of Turku,
Turku, Finland andhe Finnish Cancer Registry, Helsinki, Finland.
Annales Universitatis Turkuensis, Medica-Odontatagi2011, Turku, Finland.

Modern cancer therapy has resulted in increasedvalimmong patients diagnosed
with cancer at a young age. These improvements leglvto the investigation of late

morbidity and mortality associated with cancer disdtreatments. The aim of this

study was to evaluate late effects of cancer tdeatea young age on the health of
patients and their offspring.

Utilising the nationwide population-based registrie Finland, we evaluated the risk
of hypothyroidism and the probability of parenthadadcancer survivors as well as
preterm birth, neonatal outcomes, and the riskaater among offspring of patients.
The survivor cohort, identified from the Finnishr€ar Registry, consisted of 25,784
cancer patients diagnosed between ages 0 and 38453-2004. By linkage to the
population register, siblings of these patientsendentified for comparison.

The prevalence of hypothyroidism was higher amammér paediatric cancer patients
(aged 0-16) than in the general population. Théatsitity of parenthood following
early onset cancer was overall significantly reducempared to siblings.

Offspring of female cancer survivors were at arraased risk of preterm birth, this
risk being highest among patients diagnosed irdbbidd (aged 0-14 years) and early
adulthood (aged 20-34 years). The offspring were however, at a significantly
increased risk of neonatal death or stillbirth, ufjo they were more likely to need
monitoring or intensive care in the neonatal peritite risk of sporadic cancer among
offspring of male and female cancer survivors wasailevated in comparison to the
general population.

The study showed that former cancer patients ariskabf certain adverse endocrine
and reproductive health outcomes and should bewelll for timely intervention. The
offspring of cancer survivors do not; however, ap® be at an increase risk of
cancer or early mortality compared to the offspngiblings.

Keywords: cancer, health, hypothyroidism, late effects, affey parenthood, preterm
delivery, registry-based.



Vi
TIIVISTELMA

Laura-Maria Madanat-Harjuoja

Nuoruusidsséd sairastetun syovan myo6haisvaikutuksiapotilailla ja heidan
jalkelaisillaan

Lastentautien klinikka, Turun yliopistollinen keslgairaala, Turun yliopisto, Turku ja
Suomen sydparekisteri, Helsinki
Annales Universitatis Turkuensis, Medica-Odontologica, 2011, Turku

Nykyaikaisten hoitojen ansiosta suuri osa nuorgrip&an sairastuneista paranee ja
sen takia hoitojen pitk&aikaisvaikutuksiin on aldttinnittaa yha enemman huomiota.
Taman tutkimuksen tarkoituksena oli arvioida nusidssa hoidetun sydvan
mydhdaisvaikutuksia ja lisdksi ndiden potilaidernidagerveytta.

Hyoddyntden Suomen kattavia véaestopohjaisia rekiséer tutkimme kilpirauhasen
vajaatoiminnan esiintyvyytta ja lastensaannin todégisyytta syopahoitojen jalkeen
seka potilaiden lasten ennenaikaisuuden vaaratasyasyneisyyskauden terveytta ja
myOdhempdaa sydpavaaraa. Tutkimuskohorttimme muodastid84:sta vuosina 1953—
2004 alle 35 vuotiaana syopaan sairastuneestaasiidl. Potilaiden sisarukset saatiin
vertailua varten vaestorekisterista.

Kilpirauhasen vajaatoiminnan esiintyvyys oli sudtent alle 16 vuotiaana syopaan
sairastuneilla vaesttéon verrattuna. Kaiken kaikkjaauoruusian sydvasta toipuneet
saivat lapsia merkitsevasti harvemmin kuin heidéaraksensa.

Naispotilaiden lapsilla todettiin suurentunut ersigaisuuden vaara. Vaara oli korkein
lapsuudessa (0-14 vuotiaana) ja nuorella aikuisi§?0—34 vuotiaana) syopaan
sairastuneiden lapsilla. Lasten varhaiskuolleigau&uolleena syntymisen vaara eivat
poikenneet tilastollisesti merkitsevasti sisarustenlasten vaarasta.
Vastasyntyneisyyskauden tehostetun valvonnan tasire kuitenkin suurentunut
verrattuna sisarusten lapsiin. Syodpapotilaidenetassytpévaara oli satunnaisten
syOpien osalta samaa luokkaa kuin vaestolla yleensa

Nuoruusian  sybvastd  selviytyneilla  esiintyy  umgigjiarjestelmadén  ja
lisdantymisterveyteen liittyvia myohaisvaikutuksjaiden vuoksi heita tulisi seurata.
Potilaiden lapsilla ei kuintekaan ole kohonnuttabmivaaraa eika imevaisian
kuolleisuus ole koholla sisarusten lapsiin veriratu

Avainsanat: Ennenaikaisuus, jalkeldiset, kilpirauhasen vajadtui,
lisddntymisterveys,  myohaisvaikutukset, rekistékimus, syOpd, terveys,
vastasyntynyt.
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1. INTRODUCTION

Development of cancer treatments, especially chieenapy, since the 1970s has
resulted in increased survival of childhood canpatients (Pritchard-Jones et al.
2006). Continued advances in strategies of earlgctien and development of
effective treatments have also resulted in imprammin survival among those
diagnosed in adolescence and young adulthoodt atbei lesser extent (Bleyer et al.
2006a; Gatta et al. 2009). According to recentests, the five-year survival rate has
become as great as 81% in children (0-14 yearsB8@fd in adolescents and young
adults (1524 years) (Gatta et al. 2009). Each, yeggproximately 150 children are
diagnosed with cancer in Finland (Finnish Cancegi&ry 2007). The incidence of
childhood cancer in Finland has remained quitelstaber the years, with the annual
age-standardised incidence rate in 1988-1997 b&W#2 per million (Stiller et al.
2006a). According to data from the Finnish Cancegi&ry, approximately 5,000 of
the Finnish adult population in 2008 were formeildtiood and adolescent cancer
patients (Finnish Cancer Registry; R. Sankila, gesscommunication).

As an increasing number of patients survive caatan early age, there is heightened
recognition of the need for critical evaluation the consequences of the curative
treatments given. Late effects of treatment may ifesin as impaired physical,
cognitive or psychosocial functioning of a survivépproximately two thirds of
childhood cancer survivors will experience at lears late effect, and approximately
one third will experience a severe or life-threatgrate effect (Bhatia et al. 2009).

Because of the young age of these cancer survarmgheir potential longevity, any
consequences of treatment can be expected to tmgeificant impact on their lives.
Research is necessary to allow for detection of adyerse effects of constantly
developing and changing protocols (Leisenring €2@09).

Late effects research provides the foundation i&k-lbased treatments, planning of
comprehensive follow-up and creation of appropr@igical guidelines for follow-up
care. ldeally, survivorship research can lead amtification of high-risk populations
and, thus, provide the basis for risk-based suareie (Hudson et al. 2009). Though
survival is the primary goal in the treatment ofugg cancer patients, curative
treatments must be weighed against late effectsrgqed by survivors. Patients may
thus benefit from late-effects research in therfutas regimens and protocols may be
modified to minimise toxicity and maximise efficaof/treatment.

As cancer survival improves, the focus on qualityife issues increases (Aaronson et
al. 1991; Gotay et al. 1992). Ultimately, the aifmlate-effects research is to allow
cancer survivors the opportunity for a normal ldecreasing the morbidity related to
cancer treatment and improving the overall quatifylife such that young cancer
survivors can become integrated into society aad froductive lives.



2 Introduction

This doctoral thesis was initiated to investigdite long-term effects of cancer and its
treatment on the health of survivors of early ortsetcer and their offspring. Special
focus was placed on thyroid effects and reprodadiigalth after cancer. Reproductive
outcomes included parenthood and preterm delividgonatal morbidity and early
mortality as well as cancer were explored in thispsing of cancer survivors. The
registry-based approach applied in our study igumin late-effects research.
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2. REVIEW OF THE LITERATURE

2.1 Measures of occurrence of disease

Occurrence of disease, in statistical terms theaiility of an event, can be expressed
in several ways. In cohort studies, where a defipgplulation is followed up for an
event over a given period of time, occurrence askdse can be measured through
calculation of its prevalence or incidence. Pravedeis defined as the number of cases
(old and new) existing at one defined point in tifeeg. the end of follow-up)(dos
Santos Silva 1999). Incidence, on the other hand, measure of the number of new
cases of disease that develop in a populationdi¥ioluals at risk within a specified
time interval.

Three measures of incidence can be calculated:aikls of disease and incidence rate
(dos Santos Silva 1999). Risk is the probabilitattlan event will occur and is
calculated as the proportion of people in a poputaivho are initially free of disease
and then develop the disease within a specified fieriod, while the odds of disease
are calculated as the total number of cases divigetthe total number of persons who
remained disease-free over the study period ierati@ of probability of occurrence of
an event to that of nonoccurrence. Calculationahlodds and risk assume that the
entire population at risk at the beginning of thedg period has been followed up
during the specified time period. Incidence ratkicl expresses the rate at which new
cases occur in a population, takes into accourfiaittehat some participants may enter
the study some time after it begins and some atetdofollow-up, or die from other
causes of death than the disease under study |dylating the number of new cases
per person-years at risk. Incidence rate can atsexpressed as an age-standardised
rate. Age standardisation is a procedure used djustng e.g., incidence rates,
designed to minimise the effects of differencesage composition when comparing
rates for different populations (Last 2001). Hazeatd is a measure of the likelihood
that an event occurs at a certain time-point and ba calculated using e.g.,
proportional hazard models.

A ratio (odds ratio, risk ratio, hazard ratio, darglardised incidence ratio) is used to
express the incidence in one population relativartother (often the exposed population
compared to the unexposed or general populatiampdils ratio, therefore, is calculated as
the odds of an event among the exposed dividetidopdds of an event in the unexposed.
A standardised incidence ratio is the ratio of ithmdent number of cases of a specified
condition in the study population to the incidemimber that would be expected if the
study population had the same incidence rate aanalard or other population for which

the incidence rate is known (Last 2001).
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2.2 Malignant disease in childhood: Incidence andurvival

In childhood, defined in the context of oncologylarh to 14 years, cancer is rare,
accounting for 0.75% of all cancers, with approxiehal50 cases diagnosed annually
in Finland (Fig. 1). There is a male preponderance, boys being 10+26% likely
than girls to be diagnosed with cancer (Bleyel.e2@06a).

The most common malignant diseases in childhood aoaite leukaemia
(approximately 30%); central nervous system tum@proximately 30%); and a
group of miscellaneous tumours, consisting most mmomy of lymphomas and
embryonal solid tumours (nephroblastomas and néastamas).

The prognosis of childhood cancer has improved dtimally over the past 30 years.
Today, five-year survival for all cancers combinedches 81% in this age-group
(Gatta et al. 2009). In the Nordic countries, swahrates are among the highest in the
world and reached 77% in 1997 (Magnani et al. 2@¥hkila et al. 2006). Survival
has increased most among leukaemia and lymphonengsgtat up to 85% in acute
lymphoblastic leukaemia (ALL) and 95% in Hodgkirdisnphoma (HL). For acute
myeloid leukemia (AML) in the Nordic countries siwal is 55% (Magnani et al.
2006) and with most recent protocols reaches e®éf @.ie et al. 2005). In Europe,
five-year survival in central nervous system (CN&jcer is 63%, with small variation
by morphology. Survival of retinoblastoma patieistexcellent, at 98%, as is the case
for nephroblastoma patients (89%). For other swifdours, survival decreases in the
order osteosarcoma (77%), neuroblastoma (72%),ddmaposarcoma (69%), and
Ewing sarcoma (67%) (Gatta et al. 2009). Finnigivigal figures(Figs. 2A and 2B)
largely follow the prevailing pattern in the Nordiountries. In Europe, the relative
mortality for all cancers combined fell significgnamong children, by eight per cent
from 1995-1999 to 2000-2002. By sub-site, the mamgtificant reductions were seen
in mortality from acute lymphoblastic leukaemia &S cancers (Gatta et al. 2009).
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Finland, Incidence (2008)
ASR (World) age (0-14)

Male
Leukaemia
Brain, central nervous systerm
Soft: tissues
Bore
Non-Hodgkin lyrmphoma
Kidney
Eye
Hodgkin lyrmphoma
Crvary efc,
Melanoma of skin

Female

10 5

MNORDCAN @ Azzociation of the Nordic Cancer Registries (237 2010)

Figure 1. Incidence of the 10 most common malignancies among girls and boys diagnosed at

0—14 years of age.

ASR = Age-standardised rate, using the world population as a standard
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proportion by diagnostic era for
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and soft tissue tumours in childhood.

Based on data derived from the main database of the Finnish Cancer Registry
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2.3 Malignant disease in adolescence and youngudtiood: Incidence and
survival

Cancer in adolescence, established within the gbofeoncology as the age range 15—
19 years (Barr 1999), accounts for fewer than 0d%ll cancer cases occurring in

Europe (Eucan 1999), with approximately 70 casegriised annually in Finland.

Incidence among males is 1.2 times that among fgnalancer incidence among
adolescents increased at an annual rate of twogmerin the period 1978-1997 (Stiller

et al. 2006b).

The common malignant diseases of childhood areacepl in relative frequency,
among adolescents, by sarcomas of the bone andissafe and tumours of the male
and female genital tra¢Fig. 3A). Moreover, although in lower frequencies, epitheli
tumours, so prevalent in adults, constitute oneltbf all cancers in adolescents (Barr
2007).

In adolescents and young adults, incidence of Hodgklymphoma increases
(Macmahon 1957). The incidence of leukaemia, howeasdower than in children and
young adults, with less prognostically favourahiedgical features (Barr 2007). The
relative frequency of ALL and AML also exhibits emsition in adolescents, as the
ratio of ALL to AML is less than in childhood. Timeost common malignancies in this
age-group are lymphomas (26%), central nervoussystimours (10%), leukaemias
(10%), tumours of the thyroid gland (9%), and madigt melanoma (8%), followed by
male (8%) and female (8%) genital system tumoutdst@mne and joint tumours (8%)
(Bleyer et al. 2006b). Although thyroid cancertie second most common malignancy
among adolescent female patients, tumours arisinghé endocrine system are
otherwise rare in this age-group (Franks et al.719%ncommon in childhood,
testicular cancer is the most common malignancyadolescent males and the
frequency increases into the young adult yearsc€ranof the female genital system
consist mainly of carcinoma of the cervix, gernl te@iours of the ovary and ovarian
carcinomas. Dysgerminoma is the most common maiiggerm cell tumour in
adolescent females. Bone tumours peak in incidem¢be adolescent years and are
twice as common in males as in females. Half ofdibgnoses are osteosarcomas, with
Ewing sarcoma next in order of frequency. Softuéssarcomas in adolescents are
fibromatous, with rhabdomyosarcomas being less aomtihan in children (Bleyer et
al. 2006a; Barr 2007).

The overall five-year survival rate for all cancémsadolescents in 1988—-1997 was
73% in Europe (Sankila et al. 2006). Finnish fiweay survival in the adolescent age-
group largely matches the European survival tirmads(Figs. 4A and4B). Survival

of some forms of adolescent cancer is lowered bipfa such as higher prevalence of
poor prognostic determinants as in ALL, though fpear survival rates of up to 78%

have been reached in hospitals using paediatrioguts (Nachman 2003; Barry et al.

2007). The progressive rise in the proportion stracytic and glial tumours through

adolescence into young adulthood results in 20-pwarall saurvival rates of 65%
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among brain tumour patients in the adolescent agepg while the equivalent
numbers in the next two age quintiles are as low(is and 24%, respectively (Bleyer
et al. 2006b). Adolescents with thyroid cancer hawurvival rate of 90% (Desandes
2007). Although overall survival rates from melarmoaxceed 90%, the corresponding
figure for metastatic disease is only 15% (Bleyeralke 2006b; Gatta et al. 2009).
Survival in seminoma patients is above 90% in ttelescent age group, while the
prognosis for non-seminomatous tumours is lessufi@e. Overall survival from
bone tumours in this age group is 50% (Desande®)200

In young adults, commonly defined as the age-gspgnning 20-39 years and 20-34
years for purposes of this study, epithelial turso(zarcinomas) account for the
majority of malignancies. Malignant disease in @& group contributes two per cent
of all cancers, with approximately 500 cases diagdoannually in Finland. The
female to male ratio increases from age 15 to &gandl is nearly 2:1 between ages 35
and 45. In 2008, according to data obtained froenEmnish Cancer Registiig.
3B), breast and thyroid cancer accounted for the sang@portions of cancer in young
adult females (15.4% and 16.1%, respectively), wiglanoma of the skin (13.8%),
cervical cancer (11.0%), and brain and central ous\wsystem malignancies (10.2%)
being third, fourth, and fifth most frequent. Commmalignancies in males were
testicular cancer (29.1%), brain and central nes\aystem tumours (12%), Hodgkin’s
lymphoma (9.8%) and non-Hodgkin lymphoma (9.4%).

Among young adult males survival is highest initegar cancer and Hodgkin's
lymphoma, reaching up to 97% with recent proto¢blg. 5A). Survival is nearly as
high in melanoma patients at 95%. Five-year suhiivébrain and CNS tumour and
non-Hodgkin lymphoma patients is up to 80% todapilevlowest survival rates
among males in this age group are seen in leukapatiants at a little over 60%.
Among females in this age group survival is highfedibwing thyroid cancer, with
nearly all patients alive five years after diags@big. 5B). Survival is nearly as high
(97%) in female Hodgkin's lymphoma and melanomavisors. Survival after brain
and CNS cancer is slightly higher than that in mal@gnosed at the same age at 90%.
Of the six largest diagnostic groups, survivaloiwést among breast and cervix cancer
survivors at 83% and 79%, respectively.

Less attention has been given to the young adeltgagup than to children and older
adults, although there is lack of progress in savimprovement in this age group in
comparison to younger and older patients (Bleyeal e2009)(Figs. 5A and 5B) A
possible contributing factor that has been propoisethe distinct biology of tumours
occurring in this age group as compared to thatasfcers occurring in younger or
older patients (Bleyer et al. 2008). Long-term tigtasurvival is greatest among males
and females aged 20 to 29 years, dropping by 10%oth males and females in the
30-39-year age group. Lack of improvement in saivim comparison to older and
younger patients is most visible in the 20-29-yage group, with males showing a
greater gap than females relative to younger amekr glatients (Bleyer et al. 2009).
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Figure 3A. Incidence of the 10 most common malignancies among male and female adolescent
patients (aged 15—19 years).
ASR = age-standardised rate, using the world population as a standard
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Figure 3B. Incidence of the 10 most common malignancies in young adults (aged 20—34

years)oy gender.
ASR = age-standardised rate, using the world population as a standard
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Figure 4A. Five-year observed (obs.) survival
proportion by diagnostic era for the five largest
primary sites among males aged 15-19 years
at diagnosis.
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Figure 5A. Five-year observed (obs.) survival
proportion by diagnostic era for the six largest
primary sites among males aged 20-34 years
at diagnosis.
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Figure 4B. Five-year observed (obs.) survival
proportion by diagnostic era for the five largest
primary sites among females aged 15-19
years at diagnosis.
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2.4 Sequelae of cancer at a young age

The majority of cancer survivors lead a normal eany normal life after treatment.

According to one estimate approximately 50% of diwlod cancer survivors suffer
from an adverse effect in at least one sector aftthgHudson et al. 2003). When a
group of patients including some treated in a singkstitution prior to 1970 were

studied, up to roughly 70% presented with some kihcgbnormality (Garre et al.

1994). In the context of chronic medical proble®®% of former childhood cancer
survivors had at least one such condition at a amedf over 15 years from diagnosis
(Stevens et al. 1998).

One recent study found that about 60% of all ptdisaffer from at least one chronic
condition later in life and nearly one third of thehave a severe life-threatening
condition (Oeffinger et al. 2006). According to theme report, cancer survivors were
eight times as likely as their siblings to haveeaese or life-threatening chronic health
condition and 3.3 times as likely as their sibling$ave any chronic health condition
(Oeffinger et al. 2006). The groups at the highest of having a severe condition
were survivors of bone tumours, CNS tumours andghiods lymphoma. Both female
gender and higher age at diagnosis place survatoas elevated risk of developing a
chronic condition. AML survivors receiving only ahetherapy reported excellent to
very good health as often as siblings and showeithareased rate of hospitalisations
compared to siblings (Molgaard-Hansen et al. 20A@)ong the commonly reported
severe or life-threatening chronic conditions aexomd malignant neoplasms,
cardiovascular disease (congestive heart failuretomary artery disease, or
cerebrovascular accident), renal failure, endogdtiies (premature gonadal failure,
osteoporosis, or hypothalamic/pituitary dysfunctianajor joint replacement, sensory
deficits (blindness or hearing loss), and cognitdssfunction. Overall, the most
common late effects reported are endocrinologigst\ens et al. 1998), affecting the
growth, reproductive function, and quality of [#&the cancer survivor.

2.4.1 Thyroid effects

Cancer treatment in childhood, primarily radiothsrahas been associated with
disturbances in thyroid function. Both hypothyrsiti and hyperthyroidism have been
reported following thoracic, cranial, or neck inatbn. Effects can thus be caused by a
central mechanism, resulting from radiation (Ros@01} or surgery to the
hypothalamo-pituitary axis or as a result of seati¢he thyroid gland itself as in total-
body irradiation (TBI), or thoracic or cervical fation. The latter mechanism, known
as primary hypothyroidism, is the most common tgbdareatment-induced thyroid
dysfunction and affects 20-30% of patients who haoeived radiation to the neck
region (Koc et al. 2009).

Previously, thyroid effects following childhood @am treatments have mainly been
studied in patients with CNS tumours (Livesey et1889; Ogilvy-Stuart et al. 1991;
Schmiegelow et al. 2003a) and Hodgkin's lymphoratemts (Hancock et al. 1991;
Bhatia et al. 1996a; Sklar et al. 2000). Identifiezk factors for hypothyroidism in
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Hodgkin's survivors are high dose of radiation &&y), female gender, higher age at
treatment (>15 years), and short time from diagnhGsh years) (Sklar et al. 2000). The
same study reported a 17.1 relative risk of hypaiidysm and a cumulative risk of
hypothyroidism for those treated with 4.5 Gy or mdinat was 50% at 20 years from
diagnosis. The impact of other treatment modalitsesh as chemotherapy is unclear
(van Santen et al. 2003; Schmiegelow et al. 200B&). recent studies reported a risk
of thyroid dysfunction after treatment for childltbbaematological malignancies, one
reporting an increased risk of thyroid dysfunctéond thyroid cancer after craniospinal
radiotherapy for ALL (Chow et al. 2009), and théeatreporting the highest rates of
endocrine and metabolic disorders (including hypaiidism) among ALL and NHL
patients treated with a bone marrow transplant &fital-body irradiation (Steffens et
al. 2008).

2.4.2 Other somatic sequelae

2.4.2.1 Second malignant neoplasms

The risk of second malignancy in childhood cancevisors and a link to radiotherapy
treatment was first suggested in the 1970s (Li.et9¥5). Survivors have been found
to be at a 3.6-6.4-fold risk of developing a secoadcer when compared to the
general healthy population (Olsen et al. 1993; Megt al. 2001; Jenkinson et al.
2004). Although absolute excess risk of develo@rggcond primary is low (1.9 per
1,000 patient-years of follow-up) (Neglia et al02), the high mortality and morbidity
associated with second malignant neoplasms (SMNsijfies research efforts to
identify risk factors for this complication (Reulenal. 2010).

Known risk factors for second cancers include femgénder (Tarbell et al. 1993;
Meadows et al. 2009); younger age at diagnosis l{fNeq al. 1991; Bhatia et al.

1996b; Neglia et al. 2001); and diagnosis with tigaey retinoblastoma, Hodgkin's

disease, or soft tissue sarcoma (Strong et al.;198ikila et al. 1996; Wong et al.
1997; Meadows et al. 2009). The childhood canceviwr study (CCSS) reported

risks of SMNs other than those affecting the bretistroid, and skin, finding the

greatest risks to be following neuroblastoma anfdl s&sue sarcoma (Bassal et al.
2006). Despite development of modern therapiescant study showed that the risk
of haematological second malignancies has contitoietse over time (Rihani et al.

2010). Furthermore, another study, evaluating thke of SMNs after treatment for

Hodgkin’s lymphoma with low-dose radiation and clogierapy, demonstrated a
similar frequency and latency of sarcomas and ehéir and thyroid carcinomas as
among patients receiving high-dose radiation (@it al. 2010). Therefore, modern
protocols with low-dose radiation do not appeardduce second malignancy risk,
implicating other culprits in addition to radiotlgy.

Treatment-related factors (e.g., exposure to rhdiapy and certain chemotherapeutic
agents and dose) (Nygaard et al. 1991a; Garwiak 8000) as well as certain genetic
syndromes are well-established risk factors forosdctumours. Long latency and
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development within or at the edge of the radiafield are characteristic of radiation-
associated cancers (Bhatia et al. 1996b; Metayal. 000). Excess risk for a second
primary in childhood cancer survivors has been shtwpersist and is elevated at up
to 70 years of age (Olsen et al. 2009). Chemotlesiapociated second cancers are
characterised by a short latency and a limitedopleoif increased risk (Blayney et al.
1987). A recent study found increased risk of SMiiter leukaemia to be associated
with longer duration of 6-mercaptopurine/methottexamaintenance therapy
(Schmiegelow et al. 2009).

Members of families with cancer predisposition sgmdes (e.g. Li-Fraumeni, von
Hippel-Lindau and Multiple Endocrine Neoplasia Type(MEN 2) syndrome) have
been reported to be at risk of multiple subseqtemours when compared with the
general population (Hisada et al. 1998). This iiskhighest for childhood cancer
survivors and the excess risk mainly for canceesatdteristic of these syndromes.

2.4.2.2 Cardiovascular disease

Adverse cardiac effects may result from treatmeitih shemotherapy, radiotherapy or
the combined use of both modalities. Cardiac desdasamong the most common
chronic health conditions contributing to morbidéyd mortality among childhood
cancer survivors (Oeffinger et al. 2006; Reulen agét 2010).Cardiotoxicity of

treatments can manifest as cardiomyopathy, subalineft ventricular dysfunction,

valvular disease, pericardial disease, and arrhgghm

Chemotherapeutic agents that may cause cardiacrablities include anthracyclines,
alkylating agents, antimetabolites and antimicratalagents (Bonadonna et al. 1969;
Pai et al. 2000; Simbre et al. 2005). Among thdse cardiac effects of anthracyclines
are best characterised. More than 50% of childhcacer patients are currently
treated with anthracyclines (Kremer et al. 200Anthracyclines are clinically active
against a wide range of malignancies, including d¢kads lymphoma, cancers of the
breast, non-Hodgkin lymphoma, and leukaemia (Sirejahl. 1998). Poor cardiac
function was reported in all patients treated waththracycline doses exceeding
800mg/m2 (Steinherz et al. 1991). Long latency lifi@al symptoms is a typical
characteristic of anthracycline-induced cardiomybpdLipshultz et al. 2005).

Radiotherapy may increase the risk of congestivarthiilure, and of pericardial,
myocardial, and vascular lesions (Stewart et @518yrd et al. 2003; Green 2003).
Radiation-induced heart disease has been repaorteeast (Cuzick et al. 1994; Darby
et al. 2005) and childhood cancer survivors (Mextehal. 2001), with both groups
including a proportion of patients receiving langediastinal doses. Risk factors for
radiotherapy-induced cardiac disease include meadgsadiotherapy, especially at
therapeutic doses exceeding 30 Gy (McGale et &528werdlow et al. 2007). The
risk of treatment-induced cardiotoxicity is highgsbwever, among survivors whose
regimens incorporate radiotherapy to the medidstigion and anthracycline-based
chemotherapy, such as those treated for mediadtiodgkin's disease and Wilms’
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tumour with lung metastases or a left-sided abdamimmour requiring flank
irradiation (Pinkel et al. 1982).

Asymptomatic survivors are at an elevated riskarflimc abnormality later in life. In
subclinical heart conditions, heart failure may elep after an added stress such as
pregnancy (Davis et al. 1988; Katz et al. 1997) Physical stress of pregnancy can
trigger cardiomyopathy or pulmonary hypertensiomiseal by occult damage from
chest irradiation or anthracyclines (Hadar et @04 Lipshultz 2006). One cohort
study of 53 paediatric cancer survivors who hadeikedl a mean cumulative
anthracyline dose of 267 mgindemonstrated a low risk of anthracycline-induced
clinical heart failure during pregnancy (van Dakgnal. 2006). Larger cohort studies
are still needed to confirm this result. Cardiiasonograms in the form of a baseline
and a repeat during the third trimester are, tloeeerecommended during pregnancy.

2.4.3 Psychosocial consequences

The impact of cancer extends beyond the physicaliedae discussed above. The
psychological impact of cancer survivorship wasedais early as the 1970s (Koocher
et al. 1980).

As psychosocial difficulties are most prevalent amadolescents in the general
population, a childhood cancer survivor is parteiyl at risk of developing these
problems. Although a greater proportion of childth cancer survivordo as well as
their peers, certain subgroups of patients arésktfor various adverse psychosocial
outcomes (Schultz et al. 2007). The most vulneral@dormer CNS tumour survivors,
particularly those diagnosed at an early age (Koski et al. 1996; Ross et al. 2003;
Bhat et al. 2005; Turner et al. 2009) and patigrite have received cranial irradiation
(Harila et al. 2009). Cognitive (Harila-Saari et ab07), physical, and emotional
special needs endanger these patients and affectathility to adjust to society and
lead productive lives (Langeveld et al. 2002). Rtalssequelae of treatment may also
hinder psychosocial well-being, affect employmemd altimately affect the quality of
life of a cancer survivor.

Several factors underlie the psychosocial issuesdfdby cancer survivors. Fear of
disease recurrence may cause insecurity (Langetedtl 2004). Furthermore, cancer
survivors suffer post-traumatic stress (Kazak 139@hbie et al. 2000; Meeske et al.
2001) as a result of the physical stress of catreatments and changes in family
dynamics. Patients diagnosed during puberty arécpkarly challenged socially, as
normal adolescence may be disturbed and detactnoemiparents may be postponed
(Koch et al. 2006; Johannsdottir et al. 2010). Higantly lower employment rates are
observed among patients compared to controls (Bard, 2008; Syse et al. 2008a;
Johannsdottir et al. 2010), despite similarities proportions with an academic
education between survivors and controls (Koch.&094; Johannsdottir et al. 2010).
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244 Marital status

Studies concerning quality of life of cancer suorss show that cancer survivorship
may alter the priorities in one’s life. For examplee importance placed on family life
has been shown to increase after cancer (Schoaér28102; Langeveld et al. 2004).

Marital status has been viewed as an indicatorsgéiposocial function among cancer
survivors. A study of the marriage rates of chilothiccancer survivors in the U.K.

reported higher marriage rates among females tmaon@ males (Frobisher et al.
2007). The largest ever married deficits were amorade CNS tumour survivors.

Marriage rates were influenced by education, pnnsite of cancer, age at diagnosis
and radiotherapy treatment. A report from the Giolnd Cancer Survivor Study

(CCSS) found CNS tumour survivorship, cranial iraéidn, impaired processing

efficiency, and short stature to be correlated aw marriage rates (Janson et al.
2009). Another study found infertility to be an &iuhal factor lowering marriage

rates in survivors (Byrne et al. 1989). One studhich examined marriage and
fertility in long-term survivors of high-grade ostarcoma, however, showed lower
marriage rates in males than in females, the nganmoportion among females being
almost the same as among sisters of patients aathitent having no influence on
marriage proportion (Yonemoto et al. 2003). Howewermmales, marriage proportion
was significantly lower than in brothers and wahienced by treatment.

A report from the CCSS study showed a decreasadiHdod of marriage among
paediatric cancer survivors (Rauck et al. 1999er@l, female gender and white race
were associated with lower marriage rates. Furtbezmfewer survivors with CNS
tumours reported having been married in comparis@urvivors with other diagnoses,
with this marriage deficit in the subgroup of CN@&wvors being greater in males.
Interestingly, the study also reported lower diedseparation rates among cancer
survivors than in the general population. Sevethkeo studies confirmed the latter
result (Byrne et al. 1989; Frobisher et al. 20Hhsdn et al. 2009). A recent study of
the social outcomes of acute myeloid leukaemiaM&iltumour, and infratentorial
astrocytoma survivors found no differences in rahrgtatus between patients and
controls (Johannsdottir et al. 2010).

Marriage rates have also been explored in surviebrsancer in adulthood (Syse
2008b; Syse et al. 2009). The former found an asirg trend in marriage rates over
time and no deficits were observed overall when gaming cancer patients to the
healthy control group (Syse 2008b). In males, rfite were observed on cancer sub-
site level, though in females a former diagnosisbodin or breast cancer was
associated with lower marriage rates (Syse 200818.latter study explored marriage
rates after cancer in older adults (aged 45-80)fandd that men with cancer had
similar marriage rates as their healthy countespattile women showed a 25% deficit
(Syse et al. 2009). Deficits were most pronounceldréast (odds ratio (OR) 0.69) and
ovarian cancer (OR 0.48) survivors (Syse et al9200ne study in the literature was
found exploring marital stability in survivors ofiecer in adulthood (Dorval et al.
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1999). This focused on breast cancer patients amaldf no increased risk of marital
breakdown among patients compared to populatiotralsn

2.5 Cancer and reproductive health

25.1 Fertility after cancer in childhood

The subject of future reproductive function is oéa importance in the child or young
adult diagnosed with cancer. Parents of paednmtients and survivors worry about
their reproductive capacity and/or about futureltheproblems their children might
experience as a result of their cancer history gearld et al. 2002).

The reproductive system is vulnerable to the detmie effects of cancer therapy.
Nevertheless, more than 50% of paediatric canaiveus have a good prognosis as
regards later fertility. It is, therefore, importao identify subgroups and treatments
that pose a threat to later childbearing.

Cancer and its treatment may affect the timing wbgsty (Armstrong et al. 2009a;
Armstrong et al. 2009b) (precocious/rapid delayed,gonadal failure) or cause
infertility. Adverse effects may be mediated celiirhy effects on the hypothalamo-
pituitary axis or by direct damage to gonadal #sstihe extent and reversibility of
adverse effects of treatment vary by age at traatared gender of the patient.

The effects of chemotherapy on the gonads deperagent and dose administered,
with large-dose chemotherapy being most deleteriolise known fertility-impairing
agents include alkylating agents: cyclophosphamidblorambusil, ifosfamide,
busulphan, and melphalan. The vinca-alkaloid vistivi@, antimetabolite cytarabine,
and platinum agent cis-platin as well as procarmzare all also identified as
gonadotoxic agents (Wallace 2004a).

Treatment regimens used in conditioning for sterth tansplants, solid tumours,
osteosarcoma, and traditional protocols for Hodgkipmphoma are also associated
with a high risk of gonadal damage. Low risk isatetl to chemotherapy used in ALL,
Wilms’ tumour, low-grade soft-tissue sarcoma treaa, and germ cell tumours, and
in the case of brain tumours that are treated caityi

Harmful effects of radiotherapy depend on the inegit related factors of site or field
of treatment, total dose and fractionation sched8leeiser et al. 1973; Leiper et al.
1986; Shalet et al. 1989). Cranial irradiation, ngsapinal irradiation, total-body
irradiation (TBI), and abdomino-pelvic irradiatican all affect reproductive function.

2.5.1.1 Effects on the hypothalamo-pituitary axis

Effects of radiation on the hypothalamo-pituitaFP| axis are dose-dependent. Lower
doses (18-24 Gy) cause isolated growth hormoneidefiy while higher doses (>60
Gy) result in panhypopituitarism. Intermediate doge the range 30-50Gy result in
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GHD with or without LH/FSH deficiency, cortisol deiency, or TSH deficiency. The
GH axis is therefore, most radiosensitive, thengbeadotropin axis, followed by the
ACTH and TSH axes, indicating selective hypothataméuronal and pituitary cell
damage by direct radiation (Robinson et al. 20@ranial irradiation with doses
greater than 35Gy results in testicular and ovariEamage secondary to the
radiotherapy-induced gonadotropin deficiency. Tieeshold doses required to cause
such central effects are, accordingly, similar gles and females.

Furthermore, hypothalamo-pituitary dysfunction imd-dependent, as there is an
increase in the frequency and incidence of hormaledicits following radiation
damage to the HP-axis with increasing time fromiathérapy. Although primarily
attributed to vascular damage, the progressiver@atiithese neuroendocrine effects
was later linked to direct neuronal damage, asiessudf regional blood flow did not
detect a significant reduction between six monthd five years after irradiation
(Chieng et al. 1991).

2.5.1.2 Female cancer survivors

2.5.1.2.1 Effects on ovarian function

The exact mechanisms by which cancer treatmentaipdisovarian function are

unknown, though treatments have been found to eedibe number of primordial

follicles and in this way result in truncated feditly and premature menopause
(Meirow 2000; Thomson et al. 2002a). The amountgohadal cell depletion is

affected by the extent of cytotoxic damage. Intemgreatments may cause infertility
and a need for hormone replacement therapy (By8#9;1Chiarelli et al. 1999).

Though fertile potential may be only slightly affed after treatment, the fertile period
may be limited by early menopause.

In a CCSS report, eight per cent of all survivaxpezienced non-surgical premature
menopause, compared with 0.8% of siblings contf@leen et al. 2009a), while the
corresponding percentage was 30-40% among thoseundlerwent irradiation to a
field that included the pelvis in combination witllkylating-agent chemotherapy
(Byrne et al. 1992; Sklar et al. 2006).

Total-body, abdominal, or pelvic irradiation maynuege the ovaries (Wallace et al.
1989a; Critchley et al. 1992; Sanders et al. 1998tlace et al. 2003). Predicting the
onset of ovarian failure following radiotherapy Hascome possible (Wallace et al.
2003); however, the effects of chemotherapy arficdif to predict, though increasing
alkylating agent score is a recognised risk faftiopremature menopause (Green et al.
2009a). Methotrexate has been found to be assdoith a lower risk of imminent
ovarian failure (Lantinga et al. 2006). Around 5@¥ogirls treated for Hodgkin’s
lymphoma prepubertally with six or more courses ©hIVPP (chlorambucil,
vinblastine, procarbazine, and prednisolone) hatseda plasma gonadotropin
concentrations (Mackie et al. 1996). The use of BBYadriamycin, bleomycin,
vinblastine, and dacarbazine) has been shown tighdicantly less gonadotoxic than
MOPP (mechlorethamine, vincristine, procarbazinegdpisolone) (Viviani et al.
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1985). The extent of gonadal damage after radiafiyerdepends on dose and
fractionation schedule as well as on age at traatitheishbaugh et al. 1976; Wallace
et al. 1989a; Wallace et al. 1989b; Bath et al.91%allace et al. 2003). Because of
physiological follicular store depletion (Faddy at 1976; Gosden et al. 1994), the
dose needed to cause acute ovarian failure desregtbeage (Wallace et al. 2003).

Although scatter from craniospinal irradiation ndisectly affect ovarian function, the
most common mechanism underlying cranial irradiat®central as both craniospinal
and cranial irradiation, typically used in the treant of some brain tumours (Livesey
et al. 1988) and ALL with CNS involvement, caus@dyonadotrophic hypogonadism.
It is well established that high-dose cranial iraéion (>30 Gy) causes progressive
compromise in hypothalamo-pituitary function (leyl et al. 1989), while effects of
low-dose cranial irradiation (18-24 Gy) on the hyyadamo-pituitary axis are merely
suggested by subtle disturbances in growth hormeaeretion (Crowne et al. 1992;
Birkebaek et al. 1998; Brennan et al. 1998), lo¥imst birth rates among irradiated
patients in comparison to those who did not receadiotherapy (Nygaard et al.
1991b), and decreased LH production and short llyteases in irradiated ALL
patients (Bath et al. 2001).

TBI used as conditioning treatment in bone marn@ngplants may either act centrally
or directly affect the ovaries (Sanders et al. 19%6baud et al. 1998; Bath et al. 1999;
Matsumoto et al. 1999) in the same way as abdonaimdlipelvic radiation, used in the
treatment of Wilms’ tumour, pelvic rhabdomyosarcoraad Ewing sarcoma of the
pelvis and spine. There are few data available lmeshold doses for ovarian
dysfunction: 2 Gy has been found to be a suffictoge to deplete the oocyte pool by
half (Wallace et al. 2003). In older women (> 4@ngeof age), permanent menopause
may be induced by gonadal doses as low as 6 Gyhlaugh et al. 1976), while >20
Gy results in ovarian failure in the majority (>9Y%f patients treated in childhood
and adolescence (Wallace et al. 1989a), reflettiagmaller follicular reserve in older
patients and hence increased susceptibility todimteon (Wallace et al. 2005a).
Furthermore, risk of ovarian failure following abdimal radiotherapy increases with
dosage (Chiarelli et al. 1999). Pubertal statuso alsfluences the effects of
radiotherapy, and, therefore, threshold doses, ((@-12 Gy) may cause reversible
damage to ovarian function in pre-pubertal girlbjlevcausing permanent damage in
post-pubertal girls. Doses of 16-18 Gy are requit@dcause permanent ovarian
damage in girls older than 10 years of age.

2.5.1.2.2 Uterine effects

While radiotherapy has established late effectaterine function, chemotherapy does
not appear to have any significantly lasting adweedfect on uterine function
(Nicholson et al. 1993; Salooja et al. 2001). Aitbb the exact mechanisms
underlying the deleterious effects of radiotherapy uterine function are unclear,
reduced elasticity of the uterine musculature araline vascular damage have been
suggested (Critchley et al. 1992; Sanders et 8I61As the uterus continues growing
for several years after menarche, the pubertateppbertal uterus is more susceptible
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to the deleterious effects of treatment than isutieeus of an adult. Furthermore, at the
onset of puberty there is an increase in the dimnaaf the uterus and endometrial
thickness as well as a change from a tubular t@ie pear-shaped organ (Holm et al.
1995; Bridges et al. 1996); therefore, it is expdcthat radiotherapy carries a
significant risk of impaired uterine developmenadministered in pre-puberty. Thus,
in childhood cancer survivors, attained uterineuawé correlates with age at radiation.

Clinically, effects of radiotherapy can be seenreduction in uterine length, blood
flow, and endometrial thickness (Critchley et &92). Uterine irradiation in childhood
results in an increased incidence of miscarriage-trimester pregnancy loss, and
intrauterine growth retardation (Li et al. 1987;e@n et al. 1989; Smith et al. 1989;
Critchley et al. 1992; Sanders et al. 1996; Gre@®il The extent of damage to the
developing uterus depends on site of radiatione dasd fractionation schedule. Doses
between 14 and 30 Gy have been reported to resulttérine dysfunction, with
required abdominal doses of 20—-30 Gy, while TBledosf 14.4 Gy are sufficient to
cause uterine dysfunction (Critchley et al. 199attBet al. 1999).

2.5.1.3 Male cancer survivors

As both chemotherapy and radiotherapy target dbbg divide quickly, the most
sensitive cells are those belonging to the spemeaio epithelium, responsible for
sperm production (Howell et al. 1998). Leydig celiswever, are more resistant to the
effects of cancer treatment. Therefore, it is comrtivat cancer treatment in males
affects not puberty or masculinisation but tesize @nd sperm production. Another
characteristic of male reproductive dysfunctionthist although males are at an
increased risk of experiencing impaired fertilegmial after treatment, the effects are
often reversible.

The male gonads are sensitive to the effects ofottegtapy, but also many
chemotherapeutic agents are capable of disruptiggnsatogenesis (Howell et al.
2001). Cytotoxic agents may damage the testis,ltieguin both infertility and
hypogonadism (Waring et al. 2000). Also diseasegsses themselves in the case of
testicular cancer and Hodgkin’s lymphoma (HL) haeen shown to have deleterious
effects on spermatogenesis (Skakkebaek et al. 2BRielssen et al. 2006), an
example being pre-treatment impairment of sperngatesis in HL as a result possibly
of immunological processes (Rueffer et al. 2001).

Site, dose, and fractionation schedule in the aidtnation of radiotherapy and dose
and agent in the case of chemotherapy, as welllasr{al status, are key modifiers of
risk and reversibility of damage to the male gonatlse pre-pubertal testis is
particularly susceptible to the adverse effectscbémotherapy and radiotherapy
(Whitehead et al. 1982; Chatterjee et al. 1994;Kidaet al. 1996; Sanders et al. 1996;
Papadakis et al. 1999).

Damage induced by chemotherapy in the germinaheliitm is well established in the
literature and was first reported in 1948, by SigBpitz 1948), who recognised the
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gonadotoxic effect of nitrogen mustard. Since theayeral other agents were
recognised as harmful to the male reproductiveegysamong them procarbazine, cis-
platin, and alkylating agents (e.g. cyclophospharadd chlorambucil) (Chapman et
al. 1979; Whitehead et al. 1982; Watson et al. 198allace et al. 1989c; Wallace et
al. 1991; Shafford et al. 1993; Mackie et al. 1998)e risk of gonadal dysfunction is

highest and independent of age after alkylatingntgeintermediate after platinum

agents, anthracyclines, and some antimetabolitekloaver after agents such as vinca-
alkaloids, methotrexate, dactinomycin, bleomycinl amercaptopurine (Aubier et al.

1989; Siimes et al. 1990; Wallace et al. 2005b)er@ftherapy may have a direct
cytotoxic effect on both germ cells and Leydig €elbut may also inflict damage

indirectly on Leydig cells by damaging other cadpplations and disrupting paracrine
regulation.

Most studies of the effect of chemotherapy on ¢eldir function have focused on
patients treated with multi-agent regimens for Mhjtehead et al. 1982; da Cunha et
al. 1984; Viviani et al. 1985; Shafford et al. 1988l et al. 1995; Heikens et al. 1996;
Mackie et al. 1996). MOPP (mechlorethamine, virgres procarbazine, and
prednisolone), MVPP (mechlorethamine, vinblastprecarbazine, and prednisolone),
ChIVPP (chlorambucil, vinblastine, procarbazine,d aprednisolone) and COPP
(cyclophospamide, vincristine, procarbazine andipismlone) have been reported to
cause azoospermia in 85% of adult males. The geomedo agents being
mechlorethamine and procarbazine in MOPP and MVERprambucil and
procarbazine in ChIVPP, and cyclophosphamide andcgpbazine in COPP
(Whitehead et al. 1982; da Cunha et al. 1984; Viivet al. 1985; Bramswig et al.
1990; Shafford et al. 1993; Heikens et al. 1996¢ckaet al. 1996).

The deleterious effects of high-dose cyclophosptamaiere also noted in a study of
childhood ALL patients (Nurmio et al. 2009). ABVxhich excludes procarbazine
and alkylating agents, is a far less gonadotoxjinmen for HL, causing azoospermia
and oligospermia in 33% and 21% of patients treatth full recovery by 18 months
in all patients re-tested (Viviani et al. 1985). gkeens such as MACOP-B
(methotrexate, adriamycin, cyclophosphamide, vaticré, prednisolone, bleomycin)
and VACOP-B (vepesid, adriamycin, cyclophosphamidecristine, prednisolone,
bleomycin) used in the treatment of NHL, despiteuding cyclophosphamide, result
in normal fertility in the majority of men treateemphasising the role of procarbazine
among the known gonadotoxic agents in causingérsble damage to the germinal
epithelium (Muller et al. 1993; Pryzant et al. 1R93ybrid regimens that alternate
combination chemotherapy regimens have been dextlimpreduce the total dosage of
any one particular agent and reduce drug-relatee sffects. Comparing MOPP to
MOPP/ABVD hybrid regimen effects justifies such hgdoregimens, as the percentage
of patients developing azoospermia is 76% in theedacompared to 100% in the
former (Anselmo et al. 1990).

In patients receiving preconditioning for bone marrtransplant with busulphan (16
mg/kg) and cyclophosphamide (200 mg/kg) or cyclgptnamide (200 mg/kg) only,
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combination with busulphan was associated withtgregonadotoxicity (Sanders et al.
1996). Follow-up of patients treated with higher se® (840mg/kg) of

cyclophosphamide for nephritic syndrome identifigte threshold for impaired
spermatogenesis to be at a total dose of 10g (Wakso al. 1985). When

cyclophosphamide is used at doses of >7.5 g/m?mbiation with dacarbazine,
vincristine and doxorubicin, azoospermia was peenaim 90% of patients treated for
solid tumours (Bleyer 1990; Meistrich et al. 199&erminal epithelial damage has
been reported in patients treated for childhood Aulith regimens including

cyclophosphamide and cytarabine (Quigley et al.919@ackie et al. 1996). An

analogue of cyclophosphamide, ifosfamide as usedh@ treatment of Ewing's

sarcoma and rhabdomyosarcoma (84-126 g/m?), Ie¥t 38th normal testicular

function (Thomson et al. 2002b).

Although chemotherapy has not been found to cayseptematic Leydig cell

insufficiency, high-dose cyclophosphamide has bskeown to cause elevated LH
concentrations, which suggests compensated darndgeytlig cell function (Watson
et al. 1985).

Total-body, pelvic, and testicular irradiation meguse testicular damage, the degree
of impairment being related to radiation dose, tfomation schedule, and age at the
time of treatment (Speiser et al. 1973; Leiperle1886; Sklar et al. 1990; Sanders et
al. 1996; Socie et al. 2003). TBI may also act i@yt causing hypogonadotrophic
hypogonadism — the key mechanism of insult of aspinal irradiation — though
irradiation has also been found to cause primamngeell damage, indicating that
scatter irradiation exposure may also impair teficfunction (Castillo et al. 1990).
Radiotherapy is thought to damage the testis Viacef on the vasculature, while
Leydig cell effects may be mediated at high doseslikect cytotoxicity or at lower
doses by an indirect effect through damage to thedbsupply. While doses higher
than 1.2 Gy are required to cause azoospermia @aurgal. 2008) and as low as 0.1
Gy are enough to cause oligoozospermia, Leydig dalhage occurs at doses
exceeding 20 Gy in pre-pubertal males and at doiglker than 30 Gy in post-pubertal
males (Martin et al. 1986; Relander et al. 2000).

2.5.2 Parenthood after cancer

The wish to have a biological child is deeply rabie human evolution (Fisher et al.
2002). It is not surprising, therefore, that yowadult cancer survivors want children,
especially if they are childless at diagnosis.dotf a cancer patient may have more
appreciation of being able to have a child after disease is treated. Children born
after cancer, like those born after infertilitydtment (Golombok et al. 1995), may be
more valued by parents. Confronting the stress lifeahreatening disease can also
teach parents resilience in coping with the hassidsily family life.

Although cancer survivors experience anxiety arsfrelss related to reduced fertility
(Oosterhuis et al. 2008) and the health of anyréunifspring (Schover 2005), two
surveys showed that cancer diagnosis increasegthe placed on family life and the
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importance of parenthood for survivors, thus couting to the quality of life of
former patients (Langeveld et al. 2002; Schovexd.€2002).

The trend in the Western countries of delayingatian of childbearing to later in life
will result in more young adult female cancer swovs who are childless at diagnosis.
Therefore, parenthood after cancer is an issue e@haglly concerns survivors of
paediatric, adolescent, and young adulthood cancer.

Most earlier studies have reported reduced pogdisis parenthood rates among
survivors of cancer in adolescence and adulthogdg®t al. 2007; Magelssen et al.
2008; Cvancarova et al. 200@)able 1). Two smaller studies focused on Hodgkin's
lymphoma survivors (Kiserud et al. 2007) and tesgsiccancer survivors (Brydoy et al.

2005). A recent report investigated the risk ahgi a pregnancy (Green et al. 2010a)
and another the risk of mothering a child (Greeal €2009b) among former childhood

cancer patients.

Syse et al reported 25% reductions in first-birlies among patients diagnosed
between 17 and 44 years, with males (OR 0.76; 95% 12-0.79) and females (OR
0.73; 95% CI 0.69-0.77) showing similar reducti¢8gse et al. 2007). Higher order
births were similarly reduced among male patie@® (0.78; 95% CI 0.75-0.81),
while among females the likelihood of having a setoor third-order birth was even
lower (OR 0.64; 95% CI 0.61-0.67). Women with btesrsd gynaecological cancer
had the lowest first-birth rates (50% reduced ampared to controls). Female
survivors of leukaemia, non-Hodgkin lymphoma; oaibr breast, colon, or skeletal
cancer had significantly reduced first-order birdtes. Among males, significant
reductions in first-order birth rates were visilaleter testicular, brain, skeletal, and
colon cancer. In both sexes, calendar time otrreat, time elapsed from diagnosis
and stage of disease was found to influence thdiHidod of parenthood. The decline
in fertility disadvantage by treatment decade wastmisible in male HL, leukaemia,

and testicular cancer survivors.
Table 1. Summary on results of large epidemiological studies of parenthood following cancer.

i Results
Reference  Age Treat_ment GOl BEl SN N Data source

period group Males Females
Green et al. ihli i i
2009,2010a 0-20 1970-1986 Siblings 11,373 Questionnaire HR 0.56 RR 0.81
Cvancarova g 45 19711997 Population 6,071 OP@l R0 71 HRO045
et al. 2009 registry
Magelssen 15 35 1980-1997 Population 747 HOSPIA ppgays  pp ggog
et al. 2008 registry
Syseetal. 17 44 19652001 Population 13,452 oPUlAON o626 ORO0.73
2007 registry
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Another group reported on the cumulative first-tip@renthood probability among

survivors aged 15-35 years at diagnosis in a haldpétsed setting (Magelssen et al.
2008). Female cancer survivors had significantlgluceed parenthood rates when
compared to the general population (66% vs. 7996F 0.007), while male cancer

survivors did not display significant reductions parenthood probability (63% vs.

64%) ( = 0.41). There were no significant differenceswssin the most frequent

cancer types in males and females. Ten-year pamemtiprobabilities in the most

frequent diagnostic groups were, in men, 41% inignaht lymphoma and 42% in

testicular cancer survivors and, in women, 44% alignant lymphoma and 33% in

gynaecological cancer survivors. The extent ofdisease significantly influenced 10-
year post-diagnosis parenthood probability, whidsw4% in localised or regional

disease and 34% in those with distant metastpse®.047).

Another study, by the same group, reported on Hd-fiest post-diagnosis cumulative
reproduction rates and hazard ratios among suwvigbcancer diagnosed at 15 to 45
years of age (Cvancarova et al. 2009). Age at disigh pre-diagnosis parity, and
diagnostic era (<1988 versus 1988+) had a sigmifitafluence on post-diagnosis
parenthood. The highest 10-year post-diagnosisodegtion rates were among
childless patients. Males had more favourable laraios than females did. Hazard
ratios improved significantly in the era after 198Bong testicular and localised
cervical cancer patients with at least one childiagnosis and marginally for localised
ovarian cancer. Post-diagnosis reproduction indisgnosis childless males with a
haematological malignancy and childless femaled witcast cancer did not differ
significantly from reproduction in controls.

The above-mentioned registry-based studies all @ledgeneral population as the
comparison group (Syse et al. 2007; Magelssen. &0&I8; Cvancarova et al. 2009)
and focused on survivors of adolescent and youngttawbd cancer. Only one
population-based study exists (Syse et al. 200d@)tha other two reflect parenthood
rates among patients treated in a single hospitagélssen et al. 2008; Cvancarova et
al. 2009).

Few epidemiological studies of parenthood amongésrchildhood cancer patients
exist. An older study by Byrne et al. reported athd relative fertility of 0.93 (95% CI
0.83-1.04) in female cancer survivors diagnoseddsst 1945 and 1975 (Byrne et al.
1987). The effects of childhood cancer and itstineat on parenthood rates are
explored in two recent reports from the childhoadaer survivor study (Green et al.
2010a; Green et al. 2009b). Survivors aged 15—44nah rendered surgically sterile
were studied by means of self-administered quesdioes. Data on cancer treatments
were obtained from medical records. Fertility riskmong males and females,
compared to a non-randomly-selected group of gjblinvere HR 0.56 (95% CI 0.49—
0.63) and RR 0.81 (95% CI 0.73-0.90), respectivdfpr males, testicular radiation
doses of more than 7.5 Gy, a higher cumulative lallkng agent dose score, or
treatment with cyclophosphamide or procarbazineretsed the HR of siring a
pregnancy. Male HL patients were least likely toepa a child, while neuroblastoma
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and Wilms’ tumour survivors were as likely as sig to do so. For females,
pregnancy rates were lower among patients expaskgiothalamic/pituitary doses of
at least 30 Gy or ovarian/uterine doses greater $h@ay. Higher alkylating agent dose
scores (3 or 4) and treatment with lomustine otapfosphamide lowered pregnancy
rates.

2.6 Health of offspring of cancer survivors

2.6.1 Adverse birth outcomes among offspring of cancer survivors

Cancer and cancer therapies, including radiotheapy certain chemotherapeutic
agents, can affect pregnancy outcomes and impacbftepring via direct effects on

the female reproductive tract or on neuroendogpahways. Pregnhancy outcomes of
cancer survivors that have been studied include bowin weight and preterm birth

(Green et al. 2002a; Signorello et al. 2006; Clarkal. 2007; Reulen et al. 2009),
stillbirths (Clark et al. 2007; Winther et al. 2Q08ignorello et al. 2010), and

spontaneous (Winther et al. 2008) and induced @mibasr{Winther et al. 2009).

2.6.1.1 Preterm birth and low birth weight

No accurate recent global data exist regardingeprebirth rates, but estimates vary
from as low as five per cent in developed counti®e85% in developing countries. In
all of the Nordic countries preterm birth rates arery low by international
comparison, reflecting high standards of living agwbd prenatal care. In Finland,
preterm birth (<37 weeks) rates have dropped frai#e3o 4.8% from 1966 to the
mid-1980s (Olsen et al. 1995). According to Norgdarinatal statistics, the preterm
birth rate has been relatively stable in Finlandeicent years (Gissler et al. 2007).

Preterm delivery in female cancer survivors and lmwh weight of their offspring
have been hypothesised to be linked to direct danbaghe vasculature and elastic
properties of the uterus (scoliosis or fibrosistuimed through abdomino-pelvic
radiation (Critchley et al. 1992; Sanders et al96)9 Female childhood cancer
survivors studied in a multi-institution, hospitssed setting, were found to be at an
elevated risk for preterm delivery and low birthigie (Signorello et al. 200§)Table

2). Other population-based studies have confirmesl tasult (Chiarelli et al. 2000;
Clark et al. 2007; Magelssen et al. 2008; Muelleale 2009; Reulen et al. 2009).
Perinatal health of offspring of former cancer @ais aged 15-45 years at diagnosis
was examined in a study that focused on parentfidadelssen et al. 2008), reporting
both the risk of preterm delivery and of low bigleight of offspring to be increased
among female cancer survivors as compared to $kearnong the general population
retrieved from the Medical Birth Register. In adufitto an elevated risk of preterm
delivery, one study identifying all post-diagno$ist deliveries of cancer survivors
diagnosed under the age of 36 years, found thaadléegancer survivors were at an
elevated risk of operative delivery and post-parta@morrhage when compared to a
randomly selected comparison population (Clarkle2@07). A recent single-centre
study of female childhood cancer survivors, whiombined registry and self-reported
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data, found, in addition to a higher incidence reftgerm deliveries, also elevated risk of
post-partum haemorrhage in female survivors tceatith abdominal radiotherapy,
thus confirming the finding of Clark et al. (Lie kg et al. 2010).

Several early studies of prematurity risk in offsgrof childhood cancer survivors
exist. These were restricted to specific diagnosesamely, acute lymphoblastic
leukaemia (Moe et al. 1979; Marradi et al. 1982ed®r et al. 1989; Nygaard et al.
1991b), Hodgkin's lymphoma (Holmes et al. 1978; Mel et al. 1979; Green et al.
1988), and Wilms’ tumours (Li et al. 1987; Byrneakt 1988; Hawkins et al. 1989a).
An early study of primarily Wilms’ tumour survivorsollected information on
pregnancy outcomes using a postal survey and famdalevated proportion of
adverse pregnancy outcomes (spontaneous abortidniosn birth weight) among
abdominally irradiated patients as compared to poged patients diagnosed with the
same malignancy (Hawkins et al. 1989a). A more nestudy showed that female
Wilms’ tumour survivors who have received flankadiration are, in addition to
preterm birth (prior to 37 weeks) and low birth ghdi at risk of hypertensive
complication during pregnancy, fetal malpositiord ggremature labour (Green et al.
2010b). Other, similar studies have published rspoonsistent with these (Li et al.
1987; Byrne et al. 1988; Green et al. 2002b; Kalalal et al. 2004).

Recent studies with larger cohorts of childhood ceansurvivors have found an
elevated risk of adverse pregnancy outcomes iematireated with radiotherapy for a
wide range of malignancies (Chiarelli et al. 208@norello et al. 2006; Mueller et al.
2009; Reulen et al. 2009). In a questionnaire-basadly, Chiarelli et al. reported that,
in addition to preterm birth and low birth weiglnfants born to patients who had
received abdominal-pelvic irradiation were alsdnigher risk of perinatal death when
compared to offspring of those treated with surgenyy (Chiarelli et al. 2000).
Signorello et al. found an increased risk of pretetelivery and low birth weight
among children of patients treated with high-doséiatherapy to the uterus (>500
cGy) in comparison with children of survivors whdid chot receive radiotherapy
(Signorello et al. 2006). Mueller et al., usingemistry-based approach, reported an
increased risk of preterm delivery and low birthigia¢ not only in irradiated patients
but also in those receiving chemotherapy only (Néweét al. 2009). A population-
based questionnaire study found female survivoppsad to abdominal irradiation to
be at a threefold risk of delivering prematurelytwefold risk of delivery of a low-
birth-weight infant, and a slightly increased ridfkmiscarriage (Reulen et al. 2009). In
addition to low birth weight, Green et al. explotéeé risk of various other pregnancy
outcomes including live births, stillbirths, misgages, and abortions following
treatment with radiotherapy and a wide range ofhwtherapeutic agents (Green et al.
2002a). Although no increased risk of adverse megy outcomes was associated
with any chemotherapeutic agent, risk of low binthight was associated with pelvic
irradiation.
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2.6.1.2 Spontaneous and induced abortions

Female childhood cancer survivors have been rapootde at a slight excess risk of
spontaneous abortions, while the proportion ofbétihs was unaffected by previous
cancer history (Winther et al. 2008). Another stidythe same group showed that
female survivors are more likely than sisters aodutation controls to elect a second-
trimester abortion because of physical or mentadditons or foetal abnormality
(Winther et al. 2009).

Two earlier studies on Wilms’ tumour survivors reed increased risk of spontaneous
abortions among females who had received abdoniirediation (Li et al. 1987,
Byrne et al. 1988). Two studies of Hodgkin's lympteo patients found an elevated
risk of spontaneous abortion (Holmes et al. 1978KbEn et al. 1979), with the risk in
the other study being linked to combination treatmevith radiotherapy and
chemotherapy, independent of whether the radiatias above or below the
diaphragm (Holmes et al. 1978). A larger study ipooating more recent treatment
protocols and including female survivors with a evidariety of diagnoses reported,
among other adverse pregnancy outcomes, an elewhtashgh not statistically
significant risk of spontaneous abortions in patemhose ovaries were in or near the
radiation therapy field (Green et al. 2002a). Aeotlstudy with a wide range of
primary diagnoses confirmed this result, reportamy association between slightly
increased risk of spontaneous abortion among sunyviend abdominal radiotherapy
(Reulen et al. 2009).

2.6.1.3 Stillbirths and neonatal deaths

Previous studies evaluating the risk of stillbiatmong female cancer survivors did not
find it to be elevated (Green et al. 2002a; Clar&le2007; Winther et al. 2008).

A recent report from the Childhood Cancer Survi&iudy found an association
between uterine and ovarian radiation and the oisktillbirth and neonatal death
among offspring of female cancer survivors (Sighoreet al. 2010), while
chemotherapy with alkylating drugs was not assediatith an increased risk of the
study outcomes.

The subject of neonatal deaths of offspring of eansurvivors has not been
extensively explored, although one study did reparelevated though not significant
risk (OR 1.37; 95% CI 0.42-4.45) of neonatal mdtah offspring of early onset
female cancer survivors (Clark et al. 2007).
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2.6.2 Genetic effects of cancer treatment

Although radiotherapy has been found to cause somattations in humans and
germ-line mutations in animal models (Boice et28l03), whether or not and to what
extent mutagenic cancer treatments can introduem-fiee mutations leading to

genetic disease in the offspring of survivors iknown. Cancer predisposition, altered
sex ratio, and congenital abnormalities in offspgri@re considered potential
manifestations of treatment-induced transgeneraticgffects. Studies that have
explored sex ratio and genetic disease in offsppingancer survivors are summarised
in Table 3

The majority of studies exploring sex ratio in pffing of childhood cancer survivors
reported no significant alterations in the sexorafi offspring (Hawkins 1991; Byrne et
al. 1998; Green et al. 2002a). These studies irduchildhood cancer survivors
treated mainly prior to the use of multi-agent chémrapy, before 1977 (Hawkins
1991), in 1945-1975 (Byrne et al. 1998), and in(t9B86 (Green et al. 2002a). Two
large epidemiological studies that included pasdrgated with more recent protocols
(Winther et al. 2003; Reulen et al. 2007), confidnresults of previous studies of
unaltered sex ratio and found no influence of rémliadose or interval from cancer
diagnosis.

In healthy populations, the reported range of majat minor congenital abnormalities
is 1-4% and 8-10% respectively (Myrianthopouloale1974; Blatt 1999). Congenital

anomalies may be an isolated simple malformatidre tesult of cytogenetic

abnormalities or a single gene disorder. A numliestudies have attempted to report
the incidence of congenital anomalies in the offgpof cancer survivors, some larger
(Table 3) (Green et al. 1991; Green et al. 1997; Byrne.€t1308; Winther et al. 2004)

and some focusing on a smaller subgroup of patigtitmes et al. 1978; Moe et al.

1979; Blatt et al. 1980; Bundey et al. 1982; Lakt1987; Byrne et al. 1988; Green et
al. 1988; Hawkins et al. 1988; Green et al. 198§piPet al. 1991; Nygaard et al.

1991b; Kenney et al. 1996).

Most studies have shown no significant increasethe number of congenital
anomalies. Few studies have focused on chemothesgmsure and genetic outcomes
in offspring (Green et al. 1991; Kenney et al. 19@6een et al. 1997; Byrne et al.
1998). Although one study suggested an associdiEtween dactinomycin and
cardiac anomalies in offspring of female surviv@@een et al. 1991), more recent
reports failed to support this finding (Green etl&197; Byrne et al. 1998). While one
smaller study of female acute lymphoblastic leukaesurvivors found an increased
risk of birth defects among offspring of patientsoarhad received cyclophosphamide
(Kenney et al. 1996)two larger studies failed to confirm an associattmtween
alkylator exposure and increased risk of birth disf€Green et al. 1991; Byrne et al.
1998).
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2.6.3 Cancer in offspring of cancer survivors

Multiple publications from the 1970s and 1980s hamwestigated the risk of cancer in
the offspring of cancer survivors (Li et al. 197arradi et al. 1982; Bundey et al.
1982; Hawkins et al. 1988; Green et al. 1989; Nydja al. 1991b). Recent studies
exploring cancer risk among patients treated itdbbiod and adolescence (Mulvihill
et al. 1987; Hawkins et al. 1988; Hawkins et aBA® Green et al. 1997; Sankila et al.
1998) are presented Trable 4. Of these studies, most included treatments tieahaw
outdated and relied on survivor self-reporting laes gource of offspring outcome data
(Mulvihill et al. 1987; Hawkins et al. 1988; Hawkiret al. 1989b). Green et al. found
no cancers among 230 offspring of cancer survibswas limited by cohort size
(Green et al. 1997). Of two larger studies, oneoreg no elevation in risk in
comparison to the general population (Hawkins etl888) and the other could not
make accurate risk estimates (Hawkins et al. 1989b)

Two larger studies on the subject are cited in liteeature (Mulvihill et al. 1987,
Sankila et al. 1998). Mulvihill and co-workers, oefed no increased risk of cancer
among 2,308 offspring of survivors (n=7) when coraplato offspring of siblings
(n=11); however, the majority of patients in thisdy were only treated with surgery
(Mulvihill et al. 1987).

The other, more recent large study was based odidNpopulation data and included
5,847 offspring of 14,652 paediatric and adolescearicer survivors, who were
followed up to 1994 (Sankila et al. 1998). Thereravd4 malignant neoplasms
identified in the survivor offspring cohort, yiefdj a standardised incidence ratio of
2.6 (95% CI 1.9-3.5). After removal of offspringthvifamilial retinoblastoma and
other identifiable hereditary cancer syndromesyigieof cancer in offspring was only
slightly elevated (SIR 1.3, 95% CIl 0.8-2.0), to anisignificant degree when
compared to that in the general population. Theddhe survivor parent at diagnosis
appeared predictive of offspring cancer risk, as $iR for offspring of survivors,
compared to that expected based on the generalaiop, diagnosed before their™10
birthday was 3.9 (95% CI 2.1-6.7) and was only(23%CI 0.6—1.8) among patients
diagnosed over the age of 10 years. Despite iigahi@ largest study, with the longest
follow-up to date, full pedigrees were not constedc For this reason, not all
hereditary cancer syndromes could be identified eamoved from sporadic risk
calculations.

A recent study, based on data from the hospitalhdige registry records, evaluated
hospitalisations among offspring of survivors ofildiiood and adolescent cancer
(Winther et al. 2010),finding a sixfold excess risk of hospitalisatiorr fmalignant
tumours, the elevation owing largely to the presesicthereditary cancer syndromes. A
twofold excess in hospitalisations for benign tunsocould not be entirely accounted
for by hereditary cases, thus suggesting the pitigsibf increased surveillance of
offspring of cancer survivors. Overall hospitalisatamong survivors’offspring was
similar to that among siblings’ offspring and ttengral population.
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3. AIMS OF THE PRESENT STUDY

This study was initiated to investigate the lafeas of early onset cancer by means of
registry data. The present investigation assessedrtdocrine and reproductive health
of survivors of early-onset cancer and the hedittheir offspring, with the following
specific aims:

1. to estimate the nationwide prevalence, incideamak patient-related risk factors for
hypothyroidism as a late effect of cancer diagnasexthildhood.(Study 1)

2. to investigate parenthood after cancer in a widege of cancer survivors,
diagnosed in childhood, adolescence, and earlyttamhd as compared to silbings.
(Study 1)

3. to assess birth outcomes (preterm birth and bawh weight) (Study III) and
neonatal health (early death, stillbirth and neanatorbidity) among offspring of
female patients as compared to offspring of fersddings.(Study 1V)

4. to assess cancer risk in offspring of surviwafrgarly-onset cancer as compared to
the general population and to offspring of siblingtudy V)
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4. SUBJECTS AND METHODS

4.1 Registers

The unique personal identity code was introduceéimand in the 1960s. Since 1967,
every resident of Finland has been given such sopet identity code (PIC). It is this

PIC that makes linkage of records from differerisries and databases in Finland
possible.

4.1.1 TheFinnish Cancer Registry

The Finnish Cancer Registry (FCR) was founded i521@nd began systematic
registration in 1953. It therefore contains infotima on all cancer cases diagnosed in
residents of Finland since 1953. The National Badidealth requested all physicians,
hospitals and laboratories to notify the FCR of diignosed or suspected cases of
cancer. This notification has been compulsory sitf#®l. The notifications are further
supplemented by death certificate information fr&tatistics Finland, resulting in
almost complete coverage (99% for solid tumours% 92or haematological
malignancies, and 100% for childhood cancers) (degipal. 1994; Korhonen et al.
2002).

The FCR includes patient data (date of birth, psak@entity code, gender, name, and
residence), cancer data (date of diagnosis, prirsiey histology, malignancy, stage,
and basis for diagnosis), initial treatment datitd) back to the first four months of
treatment), and the date and cause of death (ifcapfe). In the FCR, information on
treatment, when available, is based on clinicaifications and includes data on
radiotherapy, chemotherapy, and surgery. Detailhefanatomical region irradiated,
dose, or (for chemotherapy) dose and agent admiastare not, however, included.
Coded treatment data, concerning different treatmmualities, include the following
details: palliative/radical/radicality unknown anceatment given in the first four
months / after the first four months / at an unkndimepoint.

4.1.2 The Central Population Register (CPR)

The Population Register Centre hosts a nationwéagral population register (CPR).
The Population Register Centre, tasked with dingctand supervising population
registration, was set up in 1969 and the compuaseth register introduced in 1971.

Personal data recorded for all Finnish citizens padnanent residents in Finland
include name and any former names, PIC, municipait birth and residence,

citizenship and native language, family relatiosigoluse, siblings, and offspring), and
date of birth and either death or emigration (iblagable).
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4.1.3 The Medical Birth Register

The Finnish Medical Birth Register (MBR), run byetiNational Institute for Health
and Welfare (THL) and formerly by STAKES (the Naid Research and
Development Centre for Welfare and Health), wasldished in 1987. Data are
reported to THL directly from all delivery units drom the midwife or physician
assisting in the delivery. The data provided bypiitats are checked and any missing
or seemingly incorrect data are confirmed by cdirigahe treating hospital and then
corrected in the database. The quality of infororats high, with data for under 0.5%
of all births missing from the register (Teperi 39%issler et al. 2002). Missing
information is completed using data compiled by Buapulation Register Center on
live births and data compiled by Statistics Finlamdstillbirths and deaths during the
first week of life (Gissler et al. 2004). Aimed iatproved reliability of the registry,
reforms to the data were made in 1990, 1996, afd PBissler et al. 1995).

The MBR contains data on all mothers who have dedig a child in Finland and on all
newborn infants up to the age of seven days. Thesteg includes data on all live
births and stillbirths at a weight of at least 5)®r a gestational age of at least 22
weeks. Data on obstetric and neonatal outcomeavaitable in the MBR.

4.1.4 The Cause-of-Death Register (CDR)

The Cause-Of-Death Register (CDR) is maintainedShgtistics Finland with the
purpose of identifying all deaths in Finland. Thatad are compiled from death
certificates (written by the clinician who treatdte patient or the pathologist who
performed the autopsy), which are supplemented wika from the population
information system of the Population Register Ganibeath certificates are checked
by physicians in the provincial government and #tiStics Finland. Seemingly
incorrect information is sent back to the clinigdor review. All people who have
died in Finland or abroad and who at the time @ftidevere domiciled in Finland are
included in this register. Data on causes of deathavailable in computerised form
from 1969 onward. Causes of death have been d¢tassitcording to ICD-8 (1969—
1986), ICD-9 (1987-1995), and ICD-10 (1996 onward).

4.1.5 The Drug Reimbursement Register

The entire Finnish population is entitled to nasbrhealth insurance, which is

maintained by the state and organised through de@alSIinsurance Institution (Sll) of

Finland. The insurance, to which all permanent Bimmesidents are entitled, includes
a pharmaceutical reimbursement system, which cownsie of the costs of

prescription drugs.

Maintained by the SlI, the Drug Reimbursement Regi$DRR) has records of all
reimbursable drug purchases. Registration begd886, and between 2000 and 2004
the register captured 97% of all special-class ensed prescription drugs (Helin-
Salmivaara et al. 2003).
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Reimbursement is calculated as a percentage ofusugosts beyond a fixed price.
Before 2006, drugs were grouped by the MinistryHefalth and Social Affairs into
three distinct reimbursement categories: none, chdgtimbursement: 50% per
payment), and special (reimbursement; 75-100% paympnt, depending on
diagnosis).

4.1.6 The Drug Purchase Register

The drug purchase register (PR) is held by theu&dl keeps a record of all prescription
drugs that have been purchased. It began registrati 1993 and includes all
purchased drugs belonging to any refund categoith thie exception of over-the-
counter drugs, medications used in hospitals, hoset reimbursed from occupational
health-care funds.

The database includes information on personal iifenbde, anatomic therapeutic
chemical code of the drug, date of purchase, pa&ckage, and drug cost and refund
category. Drug purchases are recorded in the dsdategardless of whether paid for
by the individual or by a private insurance company

4.2 Study populations

4.2.1 Cancer survivor and offspring cohorts

All studies utilised patient or offspring subcolsoderived from the same main cancer
survivor and offspring cohorts. The main cancewisar cohort was identified from
the FCR and included 25,784 males and females d&aghwith invasive cancer in
Finland in 1953-2004 and between the ages of B4fEig. 6). All liveborn offspring
alive in 1969 were identified by linkage to the CRlihkage to the MBR gave access
to information on all liveborn and stillborn offépg since 1987. A sub-cohort of
cancer patients was linked to the DRR and PR taioliformation on prescribed and
reimbursed drugs. Registry linkage procedures dwadautcome data obtained are
presented ifFigure 6. For purposes of this study, cancer was defined mslaynant
neoplasm or a non-malignant brain tumour — i.enimg@eomas and juvenile pilocytic
astrocytoma — or a brain tumour of uncertain magry. Micro-invasive tumours of
the uterine cervix were also included.

In Study I, the cohort was a subset £ 5,180) of the main cancer survivor cohort,
with the restriction of diagnosis before the ageléfyears, birth year after 1970, and
diagnosis with cancer by the end of 2@BRy. 7).
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MAIN CANCER SURVIVOR COHOR"
DG: 1953-2004, AGE: 0-34yrs, N =25 784

Linkage tc Linkage to Linkage tc
DRRt and the MBR+ the CPR?
PRt
Patients on Live- and stillborn All liveborn
thyroxine therapy offspring offspring
Linkage Linkage
to CDR? to the
*FCR
\ 4 A
Hypothyroidism Preterm birth Stillbirths anc Eary Parenthood Cancer il
neonatal deaths offspring
morbidity

Figure 6. Registry linkage procedures and outcome data obtained. The sibling cohort was
identically linked to the MBR and CPR and the siblings offspring cohort to the CDR and FCR.

*FCR Finnish Cancer Registry (1953->)

T DRR Drug Reimbursement Register (1986 ->)
¥ PR Drug Purchase Register (1993->)

+ MBR Medical Birth Register (1987->)

1CPR Central Population Register (1969->)
2CDR Cause-of-Death Register (1969->)

The cohort inStudy 1l was derived from the main cancer survivor cohboyt,first
identifying those patients who could be followedfapliveborn offspring i = 22,465)

— i.e., those reaching reproductive age. Of th&8¢735 survivors became parents.
Exclusion of patients with offspring before or witmine months of diagnosis yielded
3,905 survivor parents of at least one child al3®@,survivor parents of at least two
children born after diagnos{Eig. 7).

Linkage to the Central Population Register allowddntification of spouses and
offspring of cancer survivors. As offspring arentdéed by maternal link, offspring of
female survivors were directly identified. Offsggirof male survivors could be
identified via the female spouse. The main offgpraohort included, in all, 26,331
offspring of cancer survivors, of them 15,708 bbefore, 746 within nine months
after, and 9,877 longer after the cancer diagrafdise survivor(Fig. 8).
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MAIN CANCER
SURVIVOR COHORT

DG: 1953-2004 MAIN SIBLING
AGE: 0-34 yrs COHORT
N=25 784 N=44611
Paediatric @nce Reachinireproductiv: Reachincreproductivi
Patients age (16yrs) age (16yrs)
N=5180 N = 22 465 N = 44 346
Study Parenting a child befor Without cance
Hypothyroidism within 9 mo or after N =43 960
diagnosis
N= 12735
a— ——~—a l
Parenting 1..child afte Parenting 2. child aft Parenting childre
diagnosis diagnosis N = 25827
N =3905 N =2390
Study I

Parenthood

Figure 7. Identification of patient populations for Studies | and Il and the sibling comparison
cohort for Study II.

In Studies Il and IV, the study cohorts were derived from the main offgpcohort
by inclusion of only the 9,877 offspring born afdiagnosis. Of these, 5,303 were
offspring of female cancer patients. Restrictiorfavhale survivors to those born in or
after 1955, for whom siblings could be reliably iléed, yielded 3,706 singleton
offspring of female survivors, forming the studyhoat for the mortality substudy
(Study 1V). Offspring of all female cancer survivors, borncg 1987 (3,657 offspring
in all) could be linked to the MBR and were thugible for the stillbirth and neonatal
morbidity substudy(Study V). Subanalyses of the preterm delivery and low birth
weight study, included all these post-diagnosismfhg (Study 1ll) . After exclusion
of post-diagnosis offspring born to female survévgoarenting offspring before
diagnosis and higher-order post-diagnosis offspitiam the stillbirth substudy cohort,
1,309 firstborn postdiagnosis offspring were eligifor main analyses istudy |l
(Fig. 8). Study V included all offspring in the main offspring coh(ig. 8).
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Patients’ Siblings’
Offspring Offspring
N =26 331 N =58 155
Born before Born within 9 Born afte
diagnosis months diagnosis
N=15708 N =746 N=9877
Siblings’ STUDY V All offspring of STUDY IV Offspring of All offspring of
offspring Cancer female patients #» Early death siblings 41 female siblings
N =58 155 N=5303 N = 3 706° N =21 881* N =29 993
Offspring born STUDY IV Offspring born
after 1987 Stillbirth and after 1987
N=3657 neonatal heal N =16 965
1. post diagnosis STUDY Il 1. offspring
offspring Preterm birth born after 1987
N = 1309 N =50916

Figure 8. Identification of offspring populations for Studies Ill-V and the siblings’ offspring
comparison cohort.

* Only offspring of patients and siblings born after 1955 were included in the early death analysis

4.2.2 Reference cohorts

Half and full siblings of the cancer survivors wedentified by linkage to the CPR.
Out of a total of 44,611 siblings, 44,346 attaimegroductive age and 386 were
patients with early-onset cancer, and were excldda the sibling cohort but not
from the survivor cohorfFig. 7). In all, 43,960 siblings were linked to the CPR fo
identification of offspring. Finally, 25,827 siblis with 58,155 offspring were
identified and served as the comparison group &oemthood analyses &tudy |l
(Figs. 7 and 8)

In total, 29,993 singleton offspring of female 8igs could be identified from the
CPR. For the early death sub-stu@tudy 1V) in which follow-up of offspring was
available as early as 1969, only siblings bornrimfter 1955 and their offspring were
included as identification of siblings was onlyiable thereafte(Fig. 8), thus 21,881
offspring of siblings served as the reference gr@ifpthe 29,993 offspring of siblings,
16,965 were born after 1987 and could therefordirtied to the MBR, serving as a
reference group in the sub-analyses of the pretliimery study, which included all
post-diagnosis offspring of patier(i$l) , and for the stillbirth and neonatal morbidity
substudy(IV) (Fig. 8); 5,916 first offspring of female siblings were dsas the
reference group for the main preterm birth analysédsich included only firstborn
post-diagnosis offspring of patienfdl) . In Study V, offspring of male and female
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survivors were compared to the offspring of all enaind female siblings and the
general population.

The general population was used as a referencetciohprevalence comparisons in

Study | (Table 5). In relative risk estimates concerning hypothyisid in different
diagnostic groups, leukaemia patients were usdéidea®ference group.

Table 5. Description of data obtained from different outcome registries for Studies |I-V.

Study Comparison

Study Data Years Outcome
cohort group
source
Study | DRR* 1986—2005 Patients General population R
u age 0-15 - .
PRt 1993-2005 Dg 1986-2002 Leukaemia patients
1993-2002
Study Il CPR+ 1969-2006 Patients Male and female  Post-diagnosis
age 0-34 siblings parenthood
Dg 1953-2004
Study 1l MBRL 1987-2006 Offspring fos_,prlng of female Prete_rm bll’th and
of female siblings of low birth weight
patients male and female
patients
Offspring Offspring of female Early death,
2 =
STEE W EERE DR et siblings of stillbirth and
MBR 1987-2007 patients male and female  neonatal morbidity
patients

Offspring of male  Cancer incidence
and female
of patients sibs and the

general population

Study V FCR% 1972-2006 Offspring

Drug Reimbursement Register; T Drug Purchase Register; T Finnish Cancer Registry,
+ Central Population Register, t Medical Birth Register, 2 Cause-of-Death Register
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4.3 Methods

4.3.1 Information on covariates and follow-up status

Information on vital status and emigration of suovs, siblings, and offspring is
available through the Central Population Regigisrthe linkage was completed in
early 2007, the information covered vital statushat end of follow-up (31 December
2006), date of birth of children, date of emigratioand date of death (when
applicable).

Information on the maternal variables of age ativde}, socio-economic status,

smoking, hypertension, infection, gestational diabeor impaired glucose tolerance,
pre-eclampsia, placental problems, delivery yealpmesentation, caesarean delivery
and use of artificial reproductive technology, poers history of an early preterm

delivery, previous history of stillbirths, and prews history of spontaneous or induced
abortions was available from the MBR for survivarsl siblings alike since 1987.

Information on offspring such as gender, birth ordeumber of offspring at birth

(singleton/twin/triplet), presentation, and timelifth, has been available in the MBR
since 1987. The birth order variable, however, $aikéo account deliveries prior to
1987.

4.3.2 Information on outcomes

A brief description of the outcome data obtainemhfrdifferent registries is presented
in Figure 6 and Table 5(page 35 and page 38, respectively).

Patient Outcomes

Data on thyroxine us€Study I) were obtained from two outcome registries.
Information on thyroxine purchases from 1 Janua®®3lto 31 March 2005 was
obtained from the Drug Purchase Register (PR) maed by the Sl of Finland.
Reimbursement data from 1 January 1986 to 31 M2é€h were obtained from the
drug reimbursement registry (DRR). Information afed included name of drug, date
of purchase, and issuing date of the reimburse permbit.

Information on live births of survivors and siblg\gvas obtained from the CPR of
Finland, including information on dates of birthliweborn children and possible dates
of death(Study 1) (Fig. 6and Table 5).
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Offspring Outcomes

Information on the neonatal health of the offsproigemale patients and of siblings
was obtained from the MBR. The information covebédh weight(lll) , duration of
pregnancy(lll) , use of cardiopulmonary resuscitation or ventlatassistancéV),
neonatal monitoringlV), birth asphyxia(lV), and stillbirths(IV). Mortality data
including date and cause of death of offspring vari@ined from the CDRYV) . Data
on malignant disease of offspring of all survivargd siblings, including ICCC class
and date of diagnosis, were obtained from the POR

Outcome Definitions
Patient Outcome Definitions

A patient was considered to have hypothyroidisrthére were records of thyroxine
purchase or reimbursement for thyroxine treatmEm. date the reimbursement permit
was granted was chosen to represent the initiafiwaplacement therapy. With regard
to drug purchase data, the first date of purchaag the incidence date of clinical
hypothyroidism(Study ).

Parenthood was defined as the first post-diagndsid in patients with no children
before cancer diagnosis. For siblings, the definitof parenthood was siring or
mothering the first child. Higher-order parenthoeds defined as a second childbirth
after diagnosis for patients who had a first chiftbr diagnosis and a second child for
siblings(Study II).

Offspring Outcome Definitions

In Studies llI-V, the same outcome definitions were applied for dffspring of
survivors and siblings. Preterm birth was definedaabirth occurring at less than 37
weeks of gestation and early preterm delivery a&samturring at less than 34 weeks of
gestation(Study IIl). A low-birth-weight (LBW) infant was defined as reeonate
weighing less than 2,500 g at birth. Small-for-géehal-age (SGA) was defined as
having a birth weight on the —2SD (standard demmgticurve or below, when
compared to infants of the same sex born duringdimee gestational week, according
to the national birth weight statistics (Pihkalakt1989).

Early neonatal mortality was defined as death aocuyrduring the first week of life;

neonatal mortality was defined as death withinftte# month and infant mortality as
any death occurring during the first year of l{f&tudy IV). The cause of death was
studied in the following groups: deaths from digeasd medical conditions or violent
deaths (including sudden infant death syndrome $$lBnd deaths from external
causes and poisonings from unintentional and iiteak accidents and injuries).
Causes of death related to diseases and medicditioos were grouped in the
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categories: congenital anomalies and disease, puetgaand delivery complications,
infections and malignancy.

In Study V, examining cancer among offspring of cancer sawngywe first identified
all known cancer syndromes among offspring andr tparents. For all parent—
offspring pairs in which both the parent and thdédcihad cancer, histology was
checked from pathology reports and pedigrees wenstacted to identify possible
familial cancer susceptibility syndromes. For p&reffspring pairs suggestive of Li-
Fraumeni-like syndrome, pedigrees were construged the grandparents were
checked by linkage to the FCR for neoplasms coiatfiony of Li-Fraumeni syndrome.
In the case of pairs in which the offspring of sigrat was diagnosed with cancer, also
the offspring of siblings were identified, to sgmbssible syndromes of incomplete
penetrance. However, we did not identify any affdabffspring among the children of
these siblings, and, therefore, no hereditary casge identified among the siblings’
offspring.

4.3.3 Statigtical analysis

In incidence calculations iBtudy I, the group of paediatric cancer patients diagnosed
at 0 to 15 years of age was catergorised into 4gndistic subgroups. Btudies 11-V
separate models were fitted to three diagnosticcatggories: childhood (0-14 years),
adolescent (15-19 years), and young adult (20-8r%ye

Study |

Patients were classified into 11 diagnostic subgsowith consideration of proximity
of treatment to the thyroid gland as follows: leetkéa, Hodgkin’s lymphoma, non-
Hodgkin lymphoma, gastrointestinal tract and livgenitourinary system, skin, eye,
central nervous system, neuroblastoma, thyroid bame and soft tissue tumours.

Due to availability of data in the outcome regesiti only patients diagnosed with
cancer after 1 January 1986 and after 1 Januar$ W@®e included in the linkages
with the thyroxine reimbursement and thyroxine pase data, respectively, and thus
were included in the incidence calculations angtigfble analyses. Person-time at risk
for HT after cancer diagnosis was computed for etigtly subject. Follow-up began at
the time of cancer diagnosis and ended either enidite of first thyroxine purchase or
at reimbursement, death, or closing of the study\March 2005, whichever came first.
The incidence rate of HT in each diagnostic grows walculated by dividing the
number of patients with HT by the sum of person-then Cumulative incidence rates
were calculated by diagnostic group. Ninety-five pent confidence intervals (95%
Cl) for incidence rates were calculated based enasumption that the number of
patients with HT followed a Poisson distribution.

The relative risk of hypothyroidism by diagnostimgp was estimated by survival
analysis. Leukaemia patients were chosen as tleeerafe group, as this diagnostic
group was the largest. Survival curves were prodiimethe Kaplan-Meier log-rank-
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test. Differences in the risk of HT between thewabmentioned 11 diagnostic groups
were assessed by means of a Cox proportional hazadldl (Cox 1972), with sex as a
covariate.

Prevalence was calculated at the date of closingllmiw-up, 31 March 2005 for the
whole group of childhood cancer patients identifiexin the FCR. Prevalence of HT in
the general population was calculated at the en2D06# according to the population
figures extracted from the CPR and the number o$gres in Finland on thyroxine
replacement (Sll data).

Study I

The probability of post-diagnosis parenthood wasdisd in survivors who were
childless at diagnosis. The probability of parenth@mong patients was compared to
that of siblings through Cox proportional hazardsdelling. Separate analyses were
performed for first and second liveborn children.

For patients, follow-up began either at the 16tithbiay or nine months after the date
of cancer diagnosis for those diagnosed with caafter the age of 15 years and three
months. For siblings, follow-up started on the 1igitthday. The end of follow-up was
defined for both patients and siblings as the déat@rth of a child, the possible date of
death, permanent emigration, or the end of Decerdb@6, whichever came first. In
the analyses for the second liveborn child, foliggvbegan at the time of delivery of
the first child and ended at the delivery of theoswl child, or death, emigration, or the
end of December 2006.

Cox proportional hazards models with age as a Viam@able were used in assessment
of the effects of various variables (Cox 1972). Télative risk expressed the relative
probabilities of parenthood. Statistical significanwas obtained by comparing
hierarchical models. The final results are presgfiity comparing each set of cancer
patients defined by gender, age at diagnosis atedcsitegory (including all sites
combined) with the total group of siblings of there gender. Almodels included
calendar time of birth (birth cohort) as a categgrivariable, classified as follows: 1)
before 1951, 2) 1951-1959, 3) 1960-1969, 4) 19708-1#hd 5) 1980 or after. An
additional analysis using the abovementioned moaa@al used to assess the effect of
diagnostic era on parenthood probability with dizgjit era categorised as follows: 1)
1953-1962, 2) 1963-1972, 3) 1973-1982, 4) 1983—a885) 1993—2004.

Parenthood calculations were performed for alssited separately for each diagnostic
class. The patient classification used in this \wtwdas largely based on the
International Childhood Cancer Classification (IQG&ramarova et al. 1996), which,
as the majority of paediatric cancers are disseimihavhen they are diagnosed, is
primarily based on histology. To take into accotim predominance of epithelial
tumours (carcinomas) in adolescents and youngsdwd further subdivided the ICCC
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subgroup XI (carcinomas and other malignant neopdsnto major sub-sites, using
the ICD10 coding.

Study Il

Relative risk of preterm birth and low birth weighBW) among offspring of female
cancer survivors as compared to offspring of fensl#ings was estimated using
multiple logistic regression modelling.

Main analyses for all outcomes were performed ifict post-diagnosis offspring and
first offspring of siblings. An additional analysiscluding all post-diagnosis offspring
of cancer patients and all offspring of siblingsasaperformed for the preterm birth
outcome.

As data were available on a large number of matexgosures that are potential risk

factors for an adverse pregnancy outcome and thrergbssible confounders, the log-

likelihood ratio test was used to identify thos@laratory variables to be included in

the final model. Despite treepriori suggestion to include maternal infection, maternal
diabetes or impaired glucose tolerance, pre-eclampsd diagnostic decade, in our

data, these did not prove to have an effect onotiteomes of interest and were

therefore not included in the final model.

All models were adjusted for maternal age, matesnadking, maternal hypertension,
delivery year, child gender, placental problemsgseaean section, use of in-vitro
fertilisation or assisted reproductive technologi@sd malpresentation of the foetus.
Models for assessing LBW were also adjusted fdrdaktational weeks at delivery.
We additionally checked the models, adjusting faric-economic status, but did not
include this variable in the final models, as thedfd not improve significantly with
inclusion of this variable and there was a largener of missing values. Sub-analyses
including all post-diagnosis offspring were additdly adjusted for birth order,
previous history of an early preterm delivery at4<®eeks, previous history of
stillbirth, and spontaneous or induced abortionedking for possible interaction
between the variables in each model was based enikélihood ratio test. All
interactions among the variables in the final madede checked, and none were found
to be significant. Estimates of model parameteid @526 confidence intervals were
computed according to the maximum likelihood teghei

Only singleton births were included in all analysas twin and triplet deliveries are
strongly associated with the outcomes studied. Astypis expected to have an
influence on birth weight and primiparity is a knowisk factor for preterm delivery,
the main analyses for all study outcomes were ictsth to first post-diagnosis
offspring. Because more than one pregnancy wasided per subject in the sub-
analysis, conditional fixed-effects logit modeldl{gon 2009) were applied to take into
account the dependent nature of the data for @mildorn to the same mother.
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An additional model calculated the risk of pretedativery by time from diagnosis to
delivery. The variable of time from diagnosis tolidery was divided into two
categories: deliveries occurring within 10 yearsdiE#gnosis and those taking place
later than 10 years from cancer diagnosis.

By combining the available information on the sitethe tumour and whether the
initial treatment included radiotherapy, survivavere classified into four mutually
exclusive groups: no radiotherapy, abdomino-pebaidiation, cranial radiation, and
radiotherapy other than to the brain or the abdorpielvic region. To study the
possible effect of treatment other than radiothgrapparate analysis of the patients
who had not received ionising radiation as partthafir therapeutic exposure was
conducted. This resulted in the following groupsemotherapy with or without
surgery and surgery only.

Study IV

Multiple logistic regression modelling was used dalculate odds ratios for the
outcomes of early death, stillbirth and various naal morbidity outcomes in
offspring of female patients in comparison to ofifisg of female siblings.

Models exploring neonatal mortality were adjusted grevious history of a neonatal
death, gender of infant, maternal age, calendae {oelivery year grouped by decade)
and birth order. Multiple deliveries (twin and t8p were excluded from the analyses,
as they have been associated with the outcomegenést. Models calculating ORs for
adverse neonatal outcomes included the followirgicbset of explanatory variables:
child gender, birth order, duration of pregnancyfilli weeks, year of delivery,
maternal age, maternal hypertension, maternal smgpkpre-eclampsia, maternal
infections, gestational diabetes or impaired glectmderance, and placental problems
(including premature detachment and placenta pageMaternal age was treated as a
categorical variable with the following categorié¥.<20 years; 2) 20—34 years, and 3)
>35 years. Birth order and year of delivery weeated as continuous variables, while
all other variables were dichotomous. Multiplegrancies of the same women were
included in the analyses using conditional fixefibets logit models (Allison 2009) to
take into account the dependent nature of theatathildren born to the same woman.

Study V

The risk of cancer in offspring of cancer survivarsd siblings was calculated using
standardised incidence ratios (SIRs). All offsprafgpatients and their healthy siblings
were followed up for cancer between 1972 and 2006. vital status was checked for
every cohort member. Follow-up ended on the datelezfth or emigration or the
closing date of the study, 31 December 2006. Peysars were counted accordingly.

For SIR calculations, the numbers of observed casésperson-years at risk were
counted, by five-year age groups and gender, sieharfar five calendar periods: 1)
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1972-1978, 2) 1979-1985, 3) 1986-1992, 4) 1993518868 5) 2000-2006. The
expected numbers of cases for total cancer andspecific cancer types were
calculated by multiplying the number of person-geareach age group and gender by
the corresponding average cancer incidence in ti@enwof Finland during the period
of observation. SIRs were calculated for all carmeetes as well as for sporadic cancers
only. SIRs for sporadic cancer were calculated Xstugling the identified hereditary
cases. The malignant neoplasms of the offspringe w#assified according to the
International Classification of Childhood Cancerrdiiarova et al. 1996). Multiple
primary neoplasms present in one child were comsilseparate cancers. Clinical
details of the cancers of the survivor parents @nithe offspring were based on FCR
data including histology of tumours.

The offspring of cancer survivors were classifiestaading to their date of birth
relative to the parent’s diagnosis as follows: @jrbbefore diagnosis; 2) born within
nine months and, 3) born later than nine monther afiiagnosis. SIRs were calculated
for each offspring group separately, as well asatboffspring of survivors together.
For the group of offspring born after the paremtiagnosis, separate analyses were
conducted by primary site and gender of the surypavent as well as by radiotherapy
treatment (Yes/No).



46 Results

5. RESULTS

5.1 Late effects in patients treated in childhood

5.1.1 Hypothyroidism

The prevalence, incidence, relative risk, and tifneme for development of

hypothyroidism were studied in patients diagnoseth wancer before their 16th

birthday. Thyroxine purchase data captured 149 scadehypothyroidism in the

available follow-up period of 11 years (1993—-200#)jle the reimbursement database
captured 157 cases of hypothyroidism in 18 yeansegistration (1986—2005). Thus,
thyroxine purchase data proved more accurate iohicey patients on thyroxine

replacement therapy, and results using these dagresente(lable 6).

The prevalence of hypothyroidism in former cancatigmts (10,509/100,000) at the
end of the follow-up period was found to exceed thathe general population, in
comparison both to figures for the entire populati®,573/100,000) and to those for
persons below 35 years (240/100,000). Under 35gielsr were used as the
comparison group because this was the highesteagphed by survivors in follow-up.
With the exception of former thyroid cancer patsmrevalence at the end of follow-
up was highest among Hodgkin's lymphoma (HL), cantrervous system tumour,
non-Hodgkin lymphoma (NHL), and neuroblastoma stors.

With thyroid cancer patients excluded, the cumwuaiincidence of hypothyroidism
was highest in central nervous system tumour, Heuroblastoma, NHL, and
leukaemia survivors.

Diagnostic groupg <0.001) and gendep(<0.0025) were found to have a significant
effect on the risk of developing hypothyroidism. IBkawere less prone to development
of hypothyroidism (M/F HR 0.6; 95% CI 0.43-0.83)gé\at diagnosis did not appear
to have a significant effect on development of abrab thyroid function |§ = 0.44)
among childhood cancer survivors. The risk of higgogidism was significantly
higher than in the reference group (leukaemia pejen thyroid cancer, CNS tumour,
HL, and neuroblastoma patients.

The median time for the development of HT varieahfrl.5 to 4.6 years, except for
thyroid cancer patients, who developed HT at a aredime of 4.5 months. In our
study, HT developed at a median of 19 months foSGMmour survivors, with the
majority (75%) of events occurring within the fig2 months (2.7 years). The schedule
for HT development among HL patients was with a imedf 4.3 years, with 75% of
cases developing by 6.5 years, and at a media8 af 22ukaemia survivors, with 75%
of events occurring in 5.6 yeafdo obvious plateau in occurrence was observed in HL
patients during the follow-up peri¢gigure 9).
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Figure 9. Time frame for development of hypothyroidism. The proportion of patients with normal
thyroid function by time from diagnosis in different diagnostic groups (excluding the thyroid
cancer group)
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5.1.2 Parenthood

When parenthood was studied among childhood caswsivors, the probability for
parenting of the first child after diagnosis waduged among males and females, RR
0.51 (95% CI 0.46-0.57) and RR 0.62 (95% CI 0.588)0.respectively, when
compared to siblings, with the reduction beinghlig albeit not significantly, more
pronounced in maleg@able 7). No clear or significant trends in first parentdamuld

be observed among male or female childhood canagivers over calendar periods
(Table 8).

The lowest first parenthood rates in males wet®énCNS tumour and HL groups and
the CNS and germ cell malignancy groups in femal@sough not significantly
different, reduction in parenthood rates of femédekaemia and HL survivors
appeared less pronounced than among males witkathe diagnoses. Probabilities of
parenting a second child were not reduced for eiglemder (females 0.99, 95% CI
0.88-1.11 and males 1.03, 95% CI 0.90-1(84aple 7).

Table 7. Parenthood after childhood cancer — relative risks (RR) with 95% confidence intervals
(Cls) estimated using a Cox proportional hazards model with age as a time variable and
adjusting for birth cohort, for parenthing of the first child and second child at least nine months
after diagnosis.

Males Females
N NI RR 95%ClI N N1 RR 95%CI

Overall

First child after diagnosis 1476 346 0.51 0.46-0.57 1334 473 0.62 0.56-0.68

Second child after diagnosis 233 1.03 0.90-1.18 319 0.99 0.88-1.11
Diagnostic group

Leukaemia 300 43 0.48 0.35-0.64 323 103 0.74 0.61-0.89

Hodgkin's lymphoma (HL) 101 20 0.41 0.27-062 67 22 0.65 0.43-0.99

Non-Hodgkin's lymphoma 118 38 0.72 0.53-099 64 16 0.56 0.34-0.92

Central nervous system 387 59 0.28 0.22-0.37 337 90 0.39 0.32-0.48

Sympathetic nervous system 59 12 048 0.27-084 52 25 0.85 0.58-1.26

Retinoblastoma 69 23 0.58 0.38-0.87 53 26 0.69 0.47-1.01

Renal tumours 102 30 0.65 0.46-093 90 36 0.69 0.50-0.96

Hepatic tumours 12 1 0.27 0.04-193 6 0 NA NA

Malignant bone tumours 72 30 081 0.57-1.16 59 27 0.64 0.44-0.93

Soft tissue sarcomas 138 46 0.71 0.53-095 94 41 0.88 0.65-1.19

Germ cell, rophoblasticand 55 5 544 020008 42 9 027 0.14-052
other gonadal neoplasms

Carcinomas 74 30 0.69 0.49-0.99 133 71 0.86 0.68-1.08

N = total number of survivors in analysis
N1 = number of survivors with a child after diagnosis
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Table 8. Probability of first parenthood following treatment for childhood cancer (0-14 years) in
different diagnostic eras compared to siblings: relative risks (RR) with 95% confidence intervals
(Cls), estimated by means of a Cox proportional hazards model for parenting of the first child
express all sites combined.

. . Males Females
Diagnostic era
RR 95% ClI RR 95% ClI

1953-1962 0.61 0.49-0.76 0.70 0.56-0.87
1963-1972 0.48 0.38-0.59 0.58 0.48-0.70
1973-1982 0.47 0.38-0.57 0.58 0.49-0.69
1983-1992 0.50 0.40-0.64 0.65 0.54-0.77
1993-2004 0.57 0.31-1.04 0.67 0.43-1.05

5.2 Late effects in patients treated in adolescea and adulthood

5.2.1 Parenthood

Among adolescent survivors (aged 15-19 years ghdsis), compared to siblings, the
overall probability of parenting a first child aftdiagnosis was reduced in male (RR
0.70; 95% CI 0.63-0.79) and female (RR 0.64; 95%G8-0.70) survivorg¢Table

9). A significantly reduced relative probability ofignthood could be seen in the
CNS, leukaemia, HL, and germ cell malignancy groigpdoth genders as well as in
the malignant bone tumour and carcinoma groups gnfiemales. No clear trends in
first parenthood could be observed among male malie adolescent survivors over
calendar periodéTable 11)

In the young adult (20-34 years) age group, themhood disadvantage relative to
siblings was significantly more reduced in femgRR 0.37; 95% CI 0.34—-0.39) than
in males (RR 0.56; 95% Cl 0.53-0.6Qyable 10) this difference being most
pronounced in the malignant bone tumour, carcin@oaaticularly breast carcinoma),
and germ cell malignancy groups. Among adult mateigors, the relative probability
of parenthood was lowest among leukaemia and Hiemat In female survivors,
reductions were most pronounced among leukaemia) gell malignancy, and breast
cancer patients. Relative probabilities of pareathwere highest among male thyroid
cancer, malignant bone tumour, and soft-tissueosacsurvivors. Among females, the
probabilities were least affected among thyroidcesnNHL, and soft-tissue sarcoma
survivors. There was a significant trend of aneasing probability of first parenthood
over calendar periods of diagnosis among youngtadale and female survivors
(Table 11) The relative probability of parenting a seconddchfter diagnosis was
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also significantly reduced in the young adult diagic age-group. Though the
difference was not significant, this reduction sedrslightly more pronounced among
females than among males: RR 0.84; 95% CI, 0.77-ém@ RR 0.92; 95% CI, 0.85—
0.99, respectivelyTable 10) In females, the reduction was visible in the itamma
subgroup, mainly thyroid cancer, whereas in males significant reductions in
probability of parenting a second child by sitelddoe seen.

Table 9. Parenthood after adolescent cancer — relative risks (RR) with 95% confidence intervals
(Cls) estimated using a Cox proportional hazards model with age as a time variable and adjusting
for birth cohort, for parenthing of the first child and second child at least nine months after
diagnosis.

Males Females
N N1 RR 95% CI N N1 RR 95% CI

Overall
First child after diagnosis 1338 327 0.70 0.63-0.79 1254 425 0.64 0.58-0.70
Second child after diagnosis 1338 213 0.97 0.84-1.11 1254 281 1.00 0.89-1.13
Diagnostic group

Leukaemia 197 21 0.60 0.39-0.94 119 15 0.53 0.32-0.88
Hodgkin's lymphoma 223 68 0.77 0.61-098 211 74 0.64 0.51-0.80
Non-Hodgkin's lymphoma 96 33 1.18 0.84-1.67 60 19 0.76 0.48-1.19
Central nervous system 234 50 0.42 0.32-0.56 185 47 0.47 0.36-0.63
Malignant bone tumours 136 26 0.84 0.58-1.23 86 20 0.49 0.32-0.76
Soft tissue sarcomas 108 32 0.80 0.57-1.12 115 45 0.89 0.66-1.18

Germ cell, trophoblastic and

other gonadal neoplasms 139 27 0.67 0.46-0.97 100 32 0.44 0.31-0.63
Carcinomas 163 61 0.86 0.67-1.11 338 116 0.75 0.65-0.88
Breast 1 1 210 0.30-14.9 6 5 1.27 0.53-3.04
Thyroid 27 16 104 0.64-1.71 136 72 0.67 0.53-0.85

N = total number of survivors in analysis; N1 = number of survivors with a child after diagnosis
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Table 10. Parenthood after young adulthood cancer — relative risks (RR) with 95% confidence
intervals (Cls) estimated using a Cox proportional hazards model with age as a time variable and
adjusting for birth cohort, for parenthing of the first child and second child at least nine months
after diagnosis.

Males Females
N N1 RR 95% ClI N N1 RR 95% ClI

Overall

First child after diagnosis 6471 1161 0.56 0.53-0.60 8732 1173 0.37 0.34-0.39
Second child after

diagnosis 695 0.92 0.85-0.99 649 0.84 0.77-0.91
Diagnostic group

Leukaemia 486 23 0.29 0.19-0.44 348 12 0.14 0.08-0.25

Hodgkin's lymphoma 765 149 0.45 0.38-0.53 573 124 0.40 0.33-0.47

Non-Hodgkin's lymphoma 544 89 051 041-063 334 56 0.47 0.36-0.61
Central nervous system 832 133 0.52 043-0.61 859 99 0.31 0.25-0.38
Malignant bone tumours 202 51 0.70 0.53-0.92 124 18 0.28 0.18-0.44

Soft tissue sarcomas 538 120 0.66 0.55-0.79 526 103 0.43 0.36-0.53
Germ cell, trophoblastic

and other gonadal 1003 201 0.50 0.44-058 623 63 0.21 0.16-0.27
neoplasms

Carcinomas 1859 361 0.66 0.60-0.74 5075 665 0.36 0.34-0.40
Breast 5 0 NA NA 1591 83 0.17 0.14-0.21
Thyroid 243 78 0.71 0.57-0.88 974 229 0.46 0.40-0.53

N = total number of survivors in analysis; N1 = number of survivors with a child after diagnosis
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Table 11. Probability of parenthood among former adolescent (15-19years) and young adult (20—
34 years) patients following cancer treatment in different diagnostic eras. Relative risks (RR) with
95% confidence intervals (Cls), estimated using a Cox proportional hazards model for parenting
the first child, expressed for all sites combined.

Males Females

Diagnostic

era Adolescents Young adults Adolescents Young adults

RR 95% CI RR 95% CI RR 95% CI RR  95% CI

1953-1962 0.82 0.59-1.14 0.62 0.50-0.78 0.70 0.52-0.94 0.22 0.16-0.28

1963-1972 0.84 0.66-1.08 0.43 0.36-0.52 0.51 0.40-0.64 0.20 0.17-0.25

1973-1982 0.66 0.53-0.82 0.48 0.42-0.55 059 0.49-0.71 0.28 0.24-0.32

1983-1992 0.75 0.61-091 056 0.50-0.63 0.74 0.61-0.88 0.42 0.38-0.47

1993-2004 0.52 0.39-0.70 0.70 0.63-0.78 0.69 0.56-0.86 0.51 0.46-0.57

5.3 Health of offspring

5.3.1 Preterm birth

Overall, the risks of preterm delivery (OR 1.59%85I 1.26—-2.01) and early preterm
delivery (OR 2.0; 95%CI 1.30-3.06) were elevatedrgnfemale cancer survivors
when compared to female siblings. This elevatios stdl significant after adjustment
for the main confounders, OR 1.46 (95% CI 1.14-1&% OR 1.75 (95% CI 1.12—
2.72), respectively. The crude risk of deliverintpa birth weight (LBW) infant was
significantly increased (OR 1.68; 95% CI 1.29-2.18) not after adjustment for
duration of pregnancy (OR 1.11; 95% CIl 0.76-1.&tggesting that these LBW
infants were nevertheless adequate weight for gestational age.
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Table 12. Risk of preterm delivery by cancer site of survivor mother compared to siblings.

QOutcome
Primary site Preterm delivery (<37wks) Early preterm delivery (<34wks)
(Efi'%rgg) OR (95%Cl) (Efi'%rgg) OR (95%Cl)

Leukaemia 9/119 1.47 (0.73-2.96) 2/119 1.32 (0.31-5.60)
Lymphomas 16/214 1.38 (0.80-2.36) 3/214 1.04 (0.32-3.41)
Brain and CNS 10/141 1.33 (0.69-2.59) 5/141 2.67 (1.04-6.87)
Sympathetic nervous system 2/20 2.19 (0.50-9.70) 1/20 4.30 (0.53-34.93)
Retinoblastoma 1/12 1.80 (0.23-14.30) 0/12 NA
Kidney 8/33 5.50 (2.39-12.64) 4/33 9.31 (2.93-29.57)
Malignant bone 2/29 0.99 (0.22—-4.37) 0/29 NA
Soft tissue sarcomas 6/97 1.15 (0.49-2.69) 0/97 NA
Germ cell 9/56 2.94 (1.38-6.25) 3/56 3.26 (0.91-11.69)
Carcinomas 38/574 1.22 (0.86-1.76) 13/574 1.68 (0.90-3.11)
Other 1/14 1.52 (0.20-11.82) 0/14 NA

As numbers by diagnostic age-group were smalleffext of primary site of diagnosis
(Table 12) on the risk of preterm delivery was studied in #wire population of
female cancer survivors. Despite the small numbmrsnost cancer site@able 12)
significance was established for an elevated risreterm delivery among survivors
of kidney tumours (OR 5.50, 95% CI 2.39-12.64) gedn cell tumours (OR 2.94,
95% CIl 1.38-6.25). In addition, the risk of earleterm delivery was increased in
survivors of brain and central nervous system tui¢OR 2.67, 95% CIl 1.04—-6.87) as
well as kidney tumours (OR 9.31, 95% CI 2.93—-29.57E risk of LBW was elevated,
though not significantly, in survivors of kidneyntours (OR 2.74, 95% CI 0.63—
12.03). All kidney tumour patients delivering preoraly had been diagnosed in
childhood with Wilms’ tumours (WT), whereas threet @f nine germ cell tumour
survivors with a preterm delivery were diagnoseddolescence and six in adulthood.
In total, early preterm delivery occurred in fivé&& tumour survivors, two of whom
were diagnosed in childhood, two in adolescence cm@ in adulthood.

Due to small numbers, the effect of treatment @nribk of preterm delivery was also
explored without diagnostic age categorisation.ra\gpatients receiving radiotherapy
treatment were at an increased risk of pretermveigliwhen compared to siblings
(Table 13) Abdomino-pelvic irradiation increased the riskpogéterm delivery. Cranial
irradiation and irradiation directed at other siesre not associated with an increased
risk of the outcomes studie@lable 13) Among patients who did not receive
radiotherapy, chemotherapy was associated withgaifigsiantly elevated risk of
preterm delivery, as 19/155 receiving chemothetzuy a preterm delivery (OR 2.42,
95% CI 1.45-4.05). Out of 598 patients receivingyety alone, however, only 43 had
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a preterm delivery and were not at a significaativated risk of preterm delivery (OR
1.33, 95% CI 0.95-1.87).

Table 13. Effect of radiotherapy on risk of preterm delivery and low birth weight.

Preterm delivery Early preterm delivery LBW
<37weeks <34weeks
Treatment N OR (95% CI) N OR (95% CI) N OR (95% ClI)

No radiotherapy 64/761 1.58 (1.18-2.11) 23/761 2.24 (1.38-3.66) 50/761 1.26 (0.84-1.90)
Chemotherapy 19/155 2.42 (1.45-4.05)
Surgery only 43/598 1.33 (0.95-1.87)

Radiotherapy =~ 36/434 1.49 (1.03-2.16) 11/434 1.81(0.94-3.51) 28/434 1.14 (0.66-1.98)

Qgﬁ/?cm'”o‘ 13/72 3.81(2.02-7.19) 4/72 4.51(1.54-13.20) 11/72 2.01 (0.75-5.39)
Cranial 7/151 0.78 (0.36-1.70) 3/151 1.34 (0.41-4.44) 3/151 0.46 (0.12-1.69)
Other 16/211 1.35(0.79-2.31) 4/211 1.35(0.48-3.82) 14/211 1.26 (0.58-2.77)

Offspring of childhood cancer survivors

Preterm birth risk was explored among female cloithcancer survivors. Offspring
of these survivors were found to have a 1.6-foltéased risk of preterm birth (<37
weeks) and a 2.4-fold risk of early preterm birdB4weeks) in comparison to
offspring of female siblingéTable 14) Offspring of patients were, however, adequate
for gestational age, as the seemingly elevatedecrisit of being born weighing less
than 2500g (OR 1.96; 95% CI 1.23-3.12) disappeafted adjustment for gestational
age (OR 1.61; 95% CI 0.80-3.21).

In survivors delivering more than 10 years aftegdiosis, the risk of preterm delivery
was nearly double that among siblingable 14) Furthermore, the risk of early
preterm delivery was elevated among those deligetater than 10 years from
diagnosis (OR 2.48; 95% CI 1.15-5.36). Similarhg tisk of delivering a low-birth-
weight infant was elevated for those survivorswaglng at 10 or more years after
diagnosis, though non-significantly (OR 1.74; 95%0@4-3.62). Paediatric patients
who received abdomino-pelvic irradiation were &warfold and sixfold increased risk
of preterm and early preterm delivery, respectively

In view of the small numbers, risks of the outcorngghe mother’s primary site were
calculated for all three diagnostic age-groups dapitb(Table 12) The risks of
preterm delivery (OR 5.50, 95% CI 2.39-12.64) aowl-birth-weight (OR 2.74, 95%
Cl 0.63-12.03) were elevated among WT survivorsyewer; the risk of low birth
weight was not significantly elevated. The pretebirth analysis was performed
without this high-risk group, and the risk amonglditood cancer survivors overall
was no longer significantly elevated after exclasod WT patients (OR 1.26, 95% CI
0.76-2.08).
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Offspring of adolescent and young adult survivors

Among offspring of survivors of adolescent cantlee, risk for being born earlier than
37 weeks was elevated, although not significar@R (1.56; 95% CI 0.96—-2.55) as was
the case for the early preterm delivery outcofhable 15) However, the risk of
preterm delivery was fivefold and significantly wd¢ed among adolescents who had
received abdomino-pelvic irradiation.

Offspring of mothers diagnosed as young adults wér significantly increased risk
of preterm delivery as compared to offspring ofisigs (OR 1.36; 95% CIl 1.01-1.85)
(Table 16) A significantly elevated risk of LBW was observathong young adult
cancer survivors in crude analyses (OR 1.61; 95%.03-2.24). After adjustment for
gestational age, the association disappeared snatie group. In young adult cancer
survivors delivering more than 10 years from diagigothe risk of preterm delivery
was nearly triple that among siblings. It is notetvg, however, that in this subgroup
the proportion of those receiving radiotherapy agnthrose delivering prematurely was
eight out of 10. The risk of preterm delivery wagn§icantly elevated among
survivors of germ cell tumours (OR 2.94, 95% CI8L&.25)(Table 12) Three out of
nine germ cell tumour survivors with a preterm dety were diagnosed in adolescence
and six in adulthood. The risk of preterm delivarpong adulthood cancer survivors
was no longer significantly elevated after exclausod the high-risk subgroup of germ
cell tumour patients (OR 1.29, 95% CI 0.94-1.7R)sks of preterm delivery and low
birth weight were elevated among patients receivdtgilomino-pelvic irradiation,
though significantly only for low birth weight. letestingly, in the young adult age
group, the risk of preterm delivery was signifidgrincreased among 37 of the 452
patients whose treatment regimens did not incladetherapy.
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5.3.2 Early death, stillbirth, and neonatal morbidity among offspring

In total there were 17 early deaths among offspoiingatients compared to 106 among
offspring of siblings. In both groups the majori§ deaths occurred in the neonatal
period 15/17 (88%) and 67/106 (63%), for patiemts siblings offspring, respectively.
After 1987, there were 12 stillbirths among forrpatients and 50 among siblings.

Overall, offspring of female cancer survivors dimt have a significantly elevated risk
of early death before the age of one year compareifspring of siblinggTable 17)
Though non-significant, our results suggest aneiased risk for early neonatal deaths
(first week of life).

In all, deaths from diseases and medical causésnitie first year of life were evenly
distributed between offspring of survivors and isigg (17/3,706 (0.46%) vs.
93/21,881 (0.43%)). The largest categories of eadath causes were delivery
complications and prematurity as well as congeritedmalies and conditions. There
were 9 (0.2 %) deaths due to prematurity or dejivemplication among offspring of
patients and 8 (0.2 %) due to congenital anomalycamgenital disease. Among
offspring of siblings 36 (0.2 %) deaths were due piematurity or delivery
complication and 47 (0.2 %) due to congenital argn@ congenital disease.
Additionally, there were 13 violent deaths (acctdémr due to sudden infant death
syndrome) among offspring of siblings, whereas aynpatients’ offspring there were
none in this category.

The risks of stillbirth and birth asphyxia were redévated in offspring of patients
compared to offspring of siblings but there waggaificantly increased risk (OR 1.44,
95% CI 1.25-1.66) for the need for neonatal moimigpor intensive care in patients’
offspring compared to siblings’ offspriff@able 18) Though risk for cardiopulmonary
resuscitation (CPR) or respirator care appearatfigntly elevated in crude analyses,
these associations disappeared after adjustmeoabfidounders.

5.3.3 Cancer in offspring

In total, 26,331 patients’ offspring and 58,158isis’ offspring could be followed up
for cancer. They contributed 560,611 and 998,51%queyears, respectively. Among
all offspring of patients the overall incidenceeraf cancer for all sites combined was
elevated, SIR 1.43 (95% CI 1.27-1.59). After exidnof hereditary cases, however,
the SIR dropped to 1.08 (95% CI 0.94-1.22), simttarthat among offspring of
siblings SIR 1.07 (95% CI 0.94—-1.2Table 19)

Among the 9,877 children born after their parediagnosis, 65 were diagnosed with
cancer, yielding an increased risk of cancer (SB¥;195% CI 1.29-2.1)Table 19)

By sub-site of cancer in offspring, significant ieases in risk were seen in the brain
and CNS tumour (SIR 2.27; 95%CI 1.37-3.55) andhoitiastoma (SIR 8.98, 95% CI
2.91-20.94) group$Table 20) From 65 affected offspring born nine months after
their parents’ diagnosis or later, 25 hereditanyceas were identified — six cases with
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Li-Fraumeni syndrome, six of retinoblastoma, thoégon Hippel Lindau, one MEN 2,
one HNPCC, six neurofibromatosis, one familial Hkidts lymphoma syndrome, and
one hereditary kidney cancekgpendix Table Al, Publication V). After removal of
these 25 hereditary cancer syndromes, the obsémeeshse in risk disappeared (SIR
1.03; 95% CI 0.74-1.40). By sub-site, a slight atmn in risk of brain and CNS
tumors (SIR 1.2; 95% CI 0.58-2.21) remained, albeit-significani{Table 20)

The risk of cancer in offspring borm (= 15,708) prior to their parent's cancer
diagnosis was elevated (232 cases, SIR 1.37, 95%.20+1.54), but removing 49
hereditary syndromes resulted in a diminished amalgignificant association (SIR
1.08, 95% CI 0.93-1.25). Similar criteria were usedlentify hereditary cases among
offspring born before their parent’s diagnosis hose used for offspring born after
diagnosis. Among sporadic cases, it appeared thgttloe risk of thyroid cancer was
significantly elevated among offspring born beftie parent’'s diagnosi§able 21)

All 17 sporadic cases of thyroid cancer in offsgriwere either papillaryn(= 15),
follicular (n = 1) or medullary f = 1) adenocarcinomas. The distribution of
malignancies in their parents was heterogeneous.

Among the 746 offspring born within nine monthstbéir parent's diagnosis, there
were eight malignant neoplasms diagnosed, of whikhwere sporadic. One woman
diagnosed at the age of 37 years with both an eatt@hadenocarcinoma and an
adenocarcinoma of the transverse colon was remasged hereditary case due to
hereditary non-polyposis colorectal cancer syndroas the father had also been
diagnosed with adenocarcinoma of the transversmail 32 years of age. The overall
risk of sporadic cancer in this subgroup was ngnificantly elevated (SIR 1.23, 95%
Cl1 0.45-2.67).

Overall, the risk of sporadic cancer was not ekewan offspring of male (SIR 0.54
95% 0.01-3.01) or female cancer survivors (SIR ;1.95% CI 0.62-4.45).
Radiotherapy treatment did not affect the risk (8IB1 95% CI 0.51-1.49) of cancer
in post-diagnosis offspring. With all sites cons@tk sporadic cancer risk in offspring
born more than nine months after their parent'gmisis was not affected by the
primary site in the parent. Although diagnosis afdigkin’s lymphoma in the parent
did not significantly increase the overall riskeo€ancers in offsprinq(= 6, SIR 1.42,
95% CI 0.52-3.09), the risk of thyroid cancer wagnificantly elevated in their
offspring 0 = 2, SIR 9.65, 95% CI 1.17-34.84). Age of the padid not affect the
risk of sporadic cancer in offspring.
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6. DISCUSSION

6.1 Late effects of cancer in childhood

Diagnostic subgroup, mode of treatment, and timepsdd from treatment are
modifiers of risk in a wide range of outcomes stddin childhood cancer survivors.

In Study |, we evaluated the incidence and prevalence ofthypaidism in the cancer
survivor population in Finland. Previous studieplexing hypothyroidism as a late
effect focused on HL (Hancock et al. 1991; Bhatiaale 1996a; Sklar et al. 2000;
Metzger et al. 2006) and CNS (Livesey et al. 198§ijvy-Stuart et al. 1991; Heikens
et al. 1998; Schmiegelow et al. 2003a; Schmiegelbal. 2003b; Mulhern et al. 2004)
tumour patients as well as patients receiving stethtransplants for haematological
malignancies (Bakker et al. 2004; Steffens et @08 Savani et al. 2009) or cranial
irradiation (Chow et al. 2009).

Hypothyroidism if untreated can cause stunted dgnowot developmental delay in
children and infertility in adolescence and adutithoSubclinical hypothyroidism, that
manifests as prolonged elevated thyroid stimulatiognone levels, may increase the
risk of thyroid gland nodules and even lead to did/malignancy (Sklar et al. 2000;
Acharya et al. 2003). Therefore, hypothyroidismeisognised as an important treatable
late-effect of childhood cancer, and our goal wasvaluate how common a problem
this is and the time point of occurrence afterttremnt for childhood cancer as well as
to identify possible patient groups at risk, thueviding information applicable in the
planning of surveillance and screening of cancerigors.

In our study, the incidence of hypothyroidism wasrd to be higher among childhood
cancer survivors than the general population. Tlanmisk factors identified were
diagnostic group and female gender. The resultxearommg differences between
diagnostic groups supported the results of previbudies (Schmiegelow et al. 2003a)
with thyroid carcinoma, brain and central nervoystem tumours and Hodgkin's
lymphoma survivors being at highest risk, reflegtinhe thyroid effects of
radiotherapy-based treatment modalities. The femadedisposition to thyroid
hypofunction is supported by other studies (Sktaale 2000; Madanat et al. 2007).
Neck and mediastinal radiotherapy in the case afgkim’'s lymphoma patients results
in peripheral HT, while cranial or craniospinal i@terapy in CNS tumour patients
most likely results in central HT by affecting thypohtalamo-pituitary-thyroid axis. In
the case of thyroid cancer, surgery and pharmamabgntervention result in
hypothyroidism. Incomplete treatment data in tH@éRFdid not allow for direct
analysis of treatment; however, 20/149 patients déneloped HT had received only
chemotherapy according to the records of the canegistry, suggesting possible
toxicity of chemotherapy to the thyroid gland. Thigh cumulative incidence of HT
among neuroblastoma survivors is most likely exwdi by intensive therapies
including stem cell transplant with TBI as condiiiag as well as radiotherapy to the
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primary tumour, both of which cause HT by scattethe thyroid. A hospital-based
study by our group (Madanat et al. 2007) furtheplered the effects of treatment on
the risk of hypothyroidism. Detailed treatment detauld be extracted from hospital
records of 291 former childhood cancer patientspdtiyyroidism occurred in about
half of the central nervous system and Hodgkinsedse patients, while the equivalent
figure with the registry-based approach was onBp2ihdicating the superiority of the
hospital-based record study in capturing HT ca€&S tumour survivors developed
hypothyroidism earlier than did other patient greuRadiotherapy, both on its own
and in combination with chemotherapy, was assatiatith a higher risk than
chemotherapy alone.

In the overall analysis, age at diagnosis was naslkafactor for HT, a finding in
agreement with the previous abovementioned hodpits¢d study (Madanat et al.
2007). Two other studies explored the time frame H@ development after CNS
tumours. One was in agreement with our result aoieg early development of
hypothyroidism after brain and central nervousesystumours (median 1.5 years) and
reported a median time of 1.7 years (Madanat eR@07). The other, not directly
comparable as it focused on medulloblastoma sursjveeported development of
abnormal thyroid function between six months amdysars after therapy (Oberfield et
al. 1986). The result of schedule for developmehtthyroid hypofunction after
Hodgkin’s lymphoma (median 4.3years Q1-Q3 3.1-@&f in agreement with results
from two other studies one reporting a median @f@&ars (Q1-Q3 1.5-8.0)(Madanat
et al. 2007) and the other a median of 2.9yeargyé®.7-11.3) (Metzger et al. 2006).
Although hypothyroidism presents quite soon aftencer diagnosis in thyroid and
brain tumour patients, the time for appearance ygfothyroidism is long in most
diagnostic groups for childhood cancer, justifythg need for long-term follow-up of
survivors for thyroid abnormalities.

The probability of parenthood among childhood carsevivors was around half of
that among healthy siblings, with CNS, HL and gemli tumour survivors suffering
the largest disadvantage and males seemingly nff@eted than females. Because of
the physiological depletion of the follicular powith age (Faddy et al. 1992; Gosden
et al. 1994), younger age at diagnosis is thougbeta protective factor with regard to
effect on female reproductive function (Wallaceaét 2003; Wallace et al. 2005a),
which may explain the subtle difference in parenth@robability rates in favour of
female gender in this age group. Furthermore, tigeppbertal testis is particularly
susceptible to the adverse effects of chemothesapyradiotherapy (Whitehead et al.
1982; Chatterjee et al. 1994; Mackie et al. 19%gd@akis et al. 1999; Jahnukainen et
al. 2007).

Generally, treatment in childhood rather than latedife is more likely to affect

parenthood, for various reasons. Psychologidates of treatment given in childhood
may have different implications than if given lateiife, especially if diagnosed close
to puberty. It is known that former CNS tumour pats are the most vulnerable,
particularly those diagnosed at an early age (Rbss 2003; Bhat et al. 2005; Turner
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et al. 2009). Cognitive, physical and emotionalcggdeneeds endanger these patients
and affect their ability to adapt to society andderoductive lives. Physical sequelae
such as handicap associated with CNS tumour sushiym may also hinder the
psychosocial well-being of a cancer survivor. Aemicstudy reported the lowest
marriage rates to be among male CNS tumour suwiffenobisher et al. 2007). Also,
direct effects of treatment (namely, alkylator $gvity of testicular tissue) may
explain a large part of the male disadvantage iim ghoup (Whitehead et al. 1982;
Watson et al. 1985; Wallace et al. 1989c; Mackialel996). Although scatter from
craniospinal irradiation may directly affect ovaridunction, the most common
mechanism underlying reduced fertile potentialdwihg cranial irradiation is central
as both craniospinal and cranial irradiation, tgfic used in the treatment of some
brain tumours and earlier in ALL with CNS involventg cause hypogonadotrophic
hypogonadism (Littley et al. 1989; Bath et al. 200Ihus both direct effects of
therapy, with the resulting infertility, and psycogial effects that may impair
independence in adolescence and later finding pértner could play a role in low
parenthood rates among both male and female CN&caunrvivors.

The low parenthood rates in male HL patients apaixed by the gonadotoxicity of
chemotherapy. Alkylator-based regimens (e.g., MORFPP, ChIVPP, and COPP)
used in HL treatment have been reported to causespermia in 85% of adult males
(Wallace 2004a). In females, low parenthood ratesrey germ cell tumour survivors
are explained by surgical and other treatment thranvolving the ovaries or the
hypothalamo-pituitary axis in the case of intratahtumours.

Other factors that may underlie lower parenthoddsrén childhood cancer survivors
are linked to psychosocial well-being. A recentorepirom the childhood cancer
survivor study reported 1.5 times higher rates oxigty and depression among
adolescent cancer survivors in comparison to gjbliand showed survivors to be 1.7
times as likely to display antisocial behavioursi@tz et al. 2007). Another recent
report which investigated leaving home as a measfirgocial independence of
survivors of cancer in childhood and adolescenaedahat the psychosocial effects of
cancer treatment impeded achievement of socialpemtence among CNS tumour
survivors (Koch et al. 2006). Yet another studycdéed delayed development of
sexual identity/esteem and reported delayed separfftom parents in survivors of
childhood cancer (Kokkonen et al. 1997).

Two studies explored body image and sexual selfénia female leukaemia survivors
and found them to be more negative than those ofrals (Puukko et al. 1997a;
Puukko et al. 1997b). These kind of psychosocidatames may hinder a survivor
from finding a partner and/or establishing a family

As employment status may influence decisions alparenting, childhood cancer
survivors may be more likely to refrain from havidlgildren for financial reasons, as
the risk of unemployment has been shown to be sdvamong cancer survivors (de
Boer et al. 2006; Pang et al. 2008).
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6.2 Late effects of cancer in adolescents and yayadults

For males, the relative probability of parenthoaabwighest among patients treated in
adolescence. The parenthood advantage among asltlesancer patients could be
explained by the likelihood of sperm banking inciag after puberty. Despite this
equal possibility in adolescent and adult cancéiepts, adolescents were more likely
to parent children, which could be explained by igmdncy type and treatment
regimens. The largest groups were lymphomas ae288 15.5%, NHL 8.4%) CNS
tumour (17.8%) and leukaemia (15%) patients amotgleacent males, with the
equivalent-sized groups being carcinomas at 29lyftphomas at 20% (HL 12.0%,
NHL 8.0%) and germ cell tumours at 15.3% (14.8%idakar carcinomas) in young
adults. Since HL and testicular cancer as dispasgesses influence spermatogenesis
even prior to treatment (Rueffer et al. 2001; Mageh et al. 2006), this may rule out
the possibility of sperm banking and it may be &xpé that adult male fertility is more
likely to be affected, which would then be refletia lower parenthood rates. Other
factors reducing fertility in testicular cancer ipats include testosterone deficiency
(Petersen et al. 1998) and local effects of pamaaiction of the substances originating
from the tumour itself (Paduch 2006). The lowesepthood rates in adult males were
found among leukaemia, HL, and testicular cancéepis. Parenthood rates in adult
males with HL were similar to those observed imevipus study (45%) (Kiserud et al.
2007). A study of testicular cancer patients in Wy (Brydoy et al. 2005) reported
parenthood rates of 71%, ranging from 48% in pé#digneated with high-dose
chemotherapy to 92% in patients undergoing mergedlamce after orchiectomy. Our
lower overall rate of 50% reductions for testicutancer patients may be due to the
fact that we did not differentiate between bi- amilateral disease, whereas Brydoy et
al. restricted their study to unilateral cases.

Among females, young adults had the lowest overalbability of parenthood, easily
explained by higher susceptibility to effects afatment — namely a higher incidence
of complete ovarian failure and permanent infeytit due to their limited primordial
follicle reserve. The parenthood disadvantage wast pronounced in the leukaemia
and breast cancer groups. A large proportion ohgoadult leukaemia patients have
undergone stem cell transplantation in recent decé@ratwohl et al. 2008). The high-
dose treatments related to stem cell transplantasach as total-body irradiation,
could explain the lowered parenthood rates. Systéreatment in the form of high-
dose chemotherapy for breast cancer interferes thihfertility of these women by
causing temporary or permanent premature ovarianmdaClassic cyclophosphamide-
containing regimens (CMF, FEC and AC) are assatiati¢h a reported incidence of
amenorrhoea varying between 33% and 82%, dependingreatment duration,
cumulative dose, and the patient’'s age (Maltarislet2008). Previous population-
based studies have reported similarly reduced premnrates, ranging from 3-8%
(Sankila et al. 1994; Mueller et al. 2003; Kromdrak 2008). This reduction is not,
however, purely a reflection of treatment-induceddred fertility. Population-based
Danish data show a considerably higher inducedtiaborate (Kroman et al. 1997,
Kroman et al. 2008) among breast cancer patierdd bps than 45 years than in the
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general population of similar age, reflecting utaiaties of patients and physicians
about the safety of pregnancy after breast caridso, until recently, in consequence
of absence of adequate data, women were gener@ljoutaged from further
pregnancies after hormone-dependent tumours sudiieast cancer, because of the
gestational high oestrogen load and presumed cetik of recurrence (Russo et al.
2006). This may explain part of the low parenthoates observed among breast
cancer survivors in this study.

Similarly lowered parenthood rates were observedrgrmmales and females in the
adolescent age group, despite the fact that pubgotaadal tissue is differentially
sensitive to the deleterious effects of cancerajnerin the sexes. This may be
explained by the reversibility of male gonadal dgmadespite higher incidence of
sterility immediately after treaments than amongdkes. Though female gonadal
tissue is less sensitive to deleterious effectgradtment, resulting early menopause
and thus a truncated fertile window explains thduoions in parenthood rates. The
low rates in CNS, leukaemia, and HL groups are riksty attributable to similar
causes as in the paediatric age group, as treatnaeatsimilar and psychological
factors are likely to affect identity and indepenckein a similar way.

The probability of having a second child was sigaifitly reduced only among young
adult survivors, and slightly more so among fenslevivors. A similar pattern of a
female disadvantage was noted by Syse et al., trepaeduced higher-order births
among males and females (OR 0.78; 95% CI 0.75-&81OR 0.64; 95% CI 0.61—
0.67, respectively). The more pronounced redudtioadds ratios in this Norwegian
study may be due to the inclusion of third-ordethsi and the different diagnostic age
range of patients (17-44 years). In adult femathks, reduction in second-order
parenthood may be due to the age-dependent depletiothe follicular pool, with
adults being more likely to have experienced preaneabvarian failure, attributable
largely to the deleterious effects of chemotherapg abdomino-pelvic irradiation
(Sklar et al. 2006; De Bruin et al. 2008). Thaeglatric and adolescent cancer
survivors are as likely as siblings to parent asdcchild may be due to the so-called
‘healthy mother effect’ (Sankila et al. 1994), i.patients who mothered or sired one
child after diagnosis could have more favourableratteristics (preserved fertility due
to locoregional treatment, longer survival) thansi who did not, with the second
parenthood rates therefore representing the sobgatients with limited disease.

Among young adult survivors, a significant trendinreasing relative parenthood
probability with diagnostic era was visible. BotiaDcarova et al. (Cvancarova et al.
2009) and Syse et al. (Syse et al. 2007) reporteEdraficant influence of diagnostic
era on parenthood rates. This may reflect the adipgruse of chemotherapy among
adults; this has replaced radiotherapy as the maatment option during the last two
decades. Thus, the possibility of having childréieracancer treatment has increased,
as chemotherapy is more fertility-preserving thadiotherapy treatment used to be.
Among paediatric patients, however, the use of dtkerapy has been common
practice for a longer time already and there waglaar improvement to be seen by
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diagnostic era. Among adults, the development sitted reproductive technologies in
the last two decades may also explain some ofitrease.

6.3 Health of offspring

While the number and depth of studies examiningpoffig of childhood cancer
survivors both are limited (Nagarajan et al. 20@5kn less is known of the health of
offspring of young adult survivors of malignancies.

6.3.1 Preterm Birth

Overall, having a previous history of cancer pladechales at an elevated risk of
preterm delivery. In our study, cancer patients &d% increased risk of delivering
before 37 full weeks of gestation. Neonates of earsurvivors were, however,
adequate for gestational age. Age at cancer diggn@s an important determinant of
the risk of preterm delivery.

Paediatric cancer survivors had a high risk of p#term and early preterm delivery.
Wilms' tumour patients accounted most of the inseghrisk. All 25 Wilms tumour
patients in our study were diagnosed under theohgaght years and were most likely
pre-pubertal when treated. Paediatric cancer sanrwialso had an increased risk of
delivery earlier than 34 weeks, and there was asigmificant increased risk of LBW
infants even after adjustment for duration of peswy. However, there was no
increase in the risk of delivering an SGA infantcarding to the internationally
accepted definition of SGA.

Results of analyses by treatment were generallggi®ement with previous studies
(Chiarelli et al. 2000; Signorello et al. 2006; Meeet al. 2009; Reulen et al. 2009), as
the risk of preterm delivery was elevated amongdjzec and adolescent patients
receiving abdomino-pelvic irradiation. Previous ditis have reported significantly
elevated risks of preterm delivery and of LBW, raggfrom 1.3-3.6 and 1.3-2.1,
respectively(Table 2). Other than chance, several methodological diffiege may
explain small differences in risk estimates. Paedigatients in the previous studies
were aged less than 21 years at diagnosis, wheveasudy’'s age group was restricted
to patients diagnosed at less than 15 years ofGgaparison groups varied, and the
majority of studies used the general populatiorweler, in one study the risks were
compared to those for patients treated with norilisiag surgery.

The risk of preterm delivery was elevated amonglemb@nt and young adulthood
cancer survivors. Despite no overall significardr@ase in risk among adolescents, a
fivefold significant elevation in risk was seen argothe subgroup of these patients
receiving abdomino-pelvic irradiation. Although teeact mechanisms underlying the
deleterious effects of radiotherapy on uterine fiamcare unclear, reduced elasticity of
the uterine musculature and uterine vascular darfage been suggested (Critchley et
al. 1992; Sanders et al. 1996). As the uterus woes growing for several years after
menarche, the pubertal or prepubertal uterus isensoisceptible to the deleterious
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effects of treatment than is the uterus of an admlyyoung adults, however, risk of
preterm delivery was not associated solely withathérapy exposure. Previously,
most reports have addressed only survivors of caimcehildhood or an otherwise
restricted subgroup of survivors (Green et al. 198&en et al. 2002b). Two recent
studies, however, extended the age range of canceivors examined by including
patients aged 15-35 years (Magelssen et al. 200B) & 43 years (Clark et al. 2007)
at diagnosis, though results for young adults wetareported separately. In our study,
adult cancer survivors were found to be unlikely deliver LBW infants, after
adjustment for gestational age. That risk of pratdelivery was also elevated in adult
patients would suggest an additional pathophysiglpgssibly vascular damage, in
addition to that of the growth and volume restaatipresumed to underlie preterm
deliveries in the developing uterus.

Among young adults, deliveries occurring more ti#nyears after diagnosis were
more likely to be preterm. Radiation-induced fiirophy is a late effect of

radiotherapy, which may take years to develop (Dela et al. 2004). This may
explain the finding, as the elasticity of the uteig more likely to be restricted by
fibroatrophic changes a decade or more after teyatmin this patient subgroup,
radiotherapy may explain the elevated risk obserwgith increasing time from

diagnosis to first delivery as the majority of yguradult patients delivering

prematurely were irradiated. Another possible exgiion is the differential effect of

age on obstetric risk factors. Although adjustnfenfige at delivery takes into account
the observed higher age of patients at first dglivéhe possibility that increased
maternal age poses a higher obstetric risk forepttithan for siblings cannot be
dismissed. This is implied by previous studies shgwhat cancer survivors suffer a
wide range of metabolic problems over time (Talamset al. 1996; Chow et al.
2007). Another contributing factor may be that waonie this subgroup, because of
higher maternal age, experience more problems wihception and achieving
pregnancy, possibly requiring more assistance frepnoductive technologies, which
themselves have been associated with the outcdodied (Fernando et al. 2009).

We found an increased risk of preterm delivery agnomthers who survived a germ
cell tumour. Among the 56 cancer survivors withngesell malignancies (45 with
ovarian cancer), all seven mothers with preternivdeés had received chemotherapy
and none were irradiated. Furthermore, the ovesalllt of an elevated risk of preterm
delivery among survivors receiving chemotherapgdasistent with this observation.
The underlying pathophysiology for preterm delivémythis patient group remains
unknown, but effects of treatments other than thdi@py cannot be dismissed as a
possibility, nor can effect of the malignancy beirgated.

The limitations of previous epidemiological studieslude issues of data collection
(use of self-administered questionnaires to obtdistetric history) and selection of
comparison groups. Several were limited to onlydpsteic and adolescent survivors;
others grouped all patients together and reportedadl rates, thus neglecting the
possible effect of age at diagnosis on the outcomes
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6.3.2 Early death, stillbirth and neonatal moribidity of offspring

Our results indicated that the offspring of carsigwivors had an elevated risk, though
not significantly, of early neonatal death (almosbfold), neonatal death or infant

death in comparison with offspring of female sigbnh One previous study (Signorello
et al. 2010) explored neonatal death in relatiortdancer treatment received by the
mother and found neonatal death to be elevated @rofigpring of patients who had

received high doses of uterine or ovarian irradia{f>10Gy). Another study explored

overall risk of neonatal death and did not fintbibe significantly elevated. Our results
were in agreement with the latter study, which reggb an elevated, though not
significant risk of neonatal death (OR 1.37; 95%0C12— 4.45) (Clark et al. 2007).

This study was also methodologically more simitarotir study as it was population
based like our study. Previous studies on mortalitly estimates are limited to the
neonatal period, and our study is, to the besuokaowledge, the first study reporting
later deaths up to one year of life. Our findinlghaugh not significant, of increased
risk for death during the first week and month i Imay be due to the higher
incidence of preterm birth among offspring of caruatients (Signorello et al. 2006).

Our result of no increased stillbirth risk in offsp of cancer survivors compared to
offspring of siblings was generally in agreementhwprevious studies (Green et al.
2002a; Clark et al. 2007; Winther et al. 2008).dasa on treatment are incomplete in
files of the Finnish Cancer Registry, comparisomsthte results of a recent study
indicating elevated risk in patients treated witkrine or ovarian radiation cannot be
made. Clark et al. reported an adjusted OR of (8886 Cl 0.34-2.13) for stillbirth
among former cancer survivors (aged 0-43 yearsiagndsis) compared to healthy
population controls (Clark et al. 2007). Our resfltan odds ratio of 0.77 (95% CI
0.33-1.78) for stillbirth was similar. A Danish dyu(Winther et al. 2008), which
included only childhood cancer survivors, reporgestillbirth proportion ratio of 1.1
(95% CI 0.40-2.9) compared to siblings.

Etiology of stillbirth is multifactorial (Fretts 2M). According to some estimates in one
fourth the underlying etiology is genetic (Wapndd1@), consisting mainly of
karyotypic abnormalities 45X, trisomy 21 and trigo8 and 13, though single gene
disorders and sporadic multiple malformation syni¥e may also result in stillbirth.
Cord complications and placental etiologies havenbienplicated in one out of four
cases. Other maternal risk factors include matgprexeclampsia, maternal infection,
nulliparity, smoking and high maternal age (Smith1@). Due to the reported
association between previous preterm delivery amdequent stillbirth (Rasmussen et
al. 2009), there is basis for the hypothesis ofeiased risk of stillbirth among cancer
patients.

In our study, neonatal monitoring of the infant vsagnificantly more likely among
offspring of cancer survivors, even after adjustmér duration of pregnancy.
Duration of pregnancy and the distribution of Apgapbres among these infants was
similar as among siblings’ offspring. Maternal bist of cancer may place these
infants under closer observation. There is, thuyspssibility of a surveillance bias as
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healthcare professionals may express exaggerategmcofor the health of a child of a
former cancer patient. Clark and co-authors (Cidril. 2007) explored admittance to
neonatal intensive care unit as one outcome anddatifind the risk to be elevated for
offspring of Scottish cancer survivors. The diffeze may reflect differences in
healthcare practices in the two countries and slpports the theory of a surveillance
bias rather than true infant morbidity underlyihgstexcess risk observed in our study.

In our study, risk of birth asphyxia was not ele@dhtamong offspring of cancer
survivors and they were not more likely to needdicaulmonary resuscitation or
ventilation assistance. These results are in aacoelwith a study on hospitalizations
of offspring of cancer survivors, which found thiskr of hospitalization due to
perinatal causes (including asphyxia and respiattistress) to be similar among
offspring of survivors and siblings (Winther et 2010).

Cancer survivors were not at an increased riskaf@regnancy to end in stillbirth,
according to our data. The similar distributionaafuses underlying neonatal deaths
(especially congenital anomalies and congenitaadies) among survivors and siblings
is reassuring. Although this result fails to impignsgenerational effects of cancer and
its treatment, further studies exploring etiologly stillbirth and the incidence of
congenital malformations in the offspring of cansarvivors are needed to rule out a
genetic effect.

The possibility of an excess in early mortality amooffspring of former cancer
patients cannot be ruled out based on our reskltgher studies exploring cause
specific early mortality may shed more light onsthHowever, the overall results
regarding neonatal health and stillbirth among @ffey of cancer survivors are
reassuring.

6.3.3 Cancer in offspring

We found no increase in the risk of sporadic caaceong the children of survivors of
non-hereditary cancer. The risk among the offspahgurvivors was also similar to
that for the offspring of their healthy siblingsamier risk in offspring born after the
parent’s diagnosis was similar to that in offsprbayn prior to the diagnosis. Among
offspring born after the parent’s cancer diagnaséither radiotherapy treatment of the
parent nor the primary site could be shown to a&ettze risk of cancer in offspring. In
addition, offspring born within nine months of tiparent’'s cancer diagnosis (for
female survivors, thus, possibly exposed to cariatmentsin-utero; for males,
possible exposure during sperm maturation), the afscancer in offspring was not
found to be elevated when compared to that of vl population. The results of
our study are in agreement with the other populdbased study, which found a
slightly elevated though non-significant risk (SIE3, 95% CI 0.8—-2.0) of cancer in the
offspring of cancer patients (Sankila et al. 1998).

As cancer patients were identified for cancer disg at 0-34 years and similarly
cancer in siblings was only defined as a diagnosaurring in this age range. Thus
cancer cases occurring at age 35 or older werénoltded so some hereditary cases



76 Discussion

may have been missed. However, as most tumour#ingstrom hereditary cancer
syndromes present in early adulthood and as siwigaria were used for patients and
siblings, we do not believe a substantial biash®es introduced.

The recent treatment period and the registry-bappdoach distinguish this study from
most prior investigations (Mulvihill et al. 1987;aMkins et al. 1989b; Hawkins et al.
1995; Green et al. 1997). Longer follow-up, exabasdf hereditary cancer syndromes,
and access to siblings as a second comparison greumique aspects of our study of
cancer risk in offspring when compared to the mesireport (Sankila et al. 1998).
Inclusion of young adults also allowed for evalaatdf children born before and after
treatment.

6.4 A registry-based approach to studying late-&fcts of cancer: Strengths
and limitations

Large population-based studies of late-effects asfcer are rare. Most studies have
been based on clinical records, often lacking asqadtely selected reference cohort
and date back to an era of treatments that aremget current (Hawkins et al. 2008;
Leisenring et al. 2009; Robison et al. 2009). Fenrtiore, previous large late-effects
studies have addressed the effects of cancer artedtment in patients treated in
childhood, excluding adolescent and young adulieptt in whom longevity is as
important and thus the study of late effects amvimit.

Two large studies of late effects have been estadi. One, the Childhood Cancer
Survivor Study (CCSS), is a multi-institution USsipital-based study of over 14,000
five-year survivors of cancer in childhood and adoknce treated between 1970 and
1986. Information on various outcomes is colleddgdmeans of a questionnaire and
medical records. The study uses siblings as aemdercohort. Recruitment of siblings
is based on participation of the survivor, withamdom sample of CCSS participants
asked for permission to contact their nearest-agk d$iblings. Furthermore,
information on deliveries of both patients and mpgle of siblings was self-reported
using questionnaires. The British Cancer Surviviud$, also a questionnaire-based
study, recruited 13,000 five-year survivors of dhidod (0-14 years at diagnosis)
cancer treated between 1940 and 1991. The germpalagtion served as the reference
population.

This study, by contrast to both, was entirely regibased: all information used was
obtained from Finnish population statistics andlitheagisters. This approach enabled
us to conduct a large, population-based study with entire sibling cohort,
comprehensive information on the children born, aederal health outcomes among
the patients and their offspring. The coverage @wdpleteness of the Finnish health
registers are high (Teperi 1993; Gissler et al.22@issler et al. 2004). Identification
of the study cohort, as a result of the completeéshe Finnish Cancer Registry data
(Teppo et al. 1994; Korhonen et al. 2002), is pafioih-based. The computerised
record linkage procedure is exceptionally precigherefore, methodological
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deficiencies in the registration or linkage proaeduare unlikely to have biased study
results. One shortcoming is the unreliable andnofitéssing information on paternity
in the central population register and the lackletailed treatment data in the Finnish
Cancer Registry.

Record linkages were conducted with permission fthenMinistry of Social Affairs
and Health and Statistics Finland. As the inforpratirom the registries was merged
through record linkage with the personal identitge as a key, the study subjects were
not contacted; therefore informed consent to gaetmn was not required. A registry-
based study was relatively cost-effective and fastonduct. In this way, the study
cohort and reference cohort could be identifiecabdy and completely. Our data were
then less susceptible to biases associated witktipation and response. Also, study
outcomes were obtained from the same nationwidistrggsources for both patients
and siblings. Our data were therefore free oflteraeporting bias, as they were not
based on self-reporting. Recall bias and low paditon rates, which are probable
when, for example, the information is obtained frioerviews, could be avoided with
the register-based approach used in this study.

In the case o&tudy I, since information on drug intake was not avadabiformation
on prescribed drug purchases and reimbursement wleta used as proxies for
thyroxin use. The drug purchase registry, thouglabdished later than the
reimbursement database (1993 vs. 1986), capturee ammual cases of thyroxine use
per year by 2005 than the reimbursement databak¢harefore proved more reliable
in capturing cases of hypothyroidism. Some patienésy be reluctant to apply for
reimbursement on account of the low cost of thyrexiso data on drug reimbursement
may be more reliable in the case of more expertgiivgs. Also, information on drug
purchase is only a reflection of the informationtnre drug intake. For example, non-
compliance cannot be assessed from these soursds/phthyroidism does not cause
acute, life-threatening symptoms, some patients meglect instructions to take
thyroxine and may therefore never purchase the.drug

Also subclinical cases of hypothyroidism, known e harmful in the long term,
cannot be identified in this registry linkage ammio. The time point of initiation of
therapy initiation is also only a proxy for malftion of the HP-T axis. Clinical
hypothyroidism visible as low T4V or T3 may be mded by years of a preclinical
condition of elevated TSH, so the time point ofglpurchase may overestimate the
time for development of thyroid late effects follioyy cancer therapy. Furthermore, our
registry-based approach does not distinguish betyadents with central or primary
hypothyroidism.

In Study II, parenthood was most likely a surrogate for figytithough not a reflection
of fertile potential alone. Lower marriage ratesvéhdbeen reported among former
paediatric cancer patients, especially among mal8 @mour survivors (Rauck et al.
1999). It is possible that parenthood may be m@sttiby difficulty in finding a spouse,
in which case childlessness does not necessafligctrénfertility. Female patients may
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be discouraged by their physicians from becomirggpant on account of a lack of
knowledge of birth outcomes and through fear oingpact on recurrence, as has been
the case with breast cancer patients. By our meth@ghs not possible to distinguish
spontaneous pregnancies from those requiring adsisproductive technologies. Also,
as paternity is more difficult to confirm, it is g&ible that the parenthood rates noted
among male cancer survivors were more optimista ih reality.

Registry-based methods would not allow for the eatidn of contraception use or
time from cessation of contraception to successfutception. Also, fertility or
infertility may be male or female, and we assumedun study that any infertility was
due to the partner with a previous history of canedthout information on semen
guality or female fecundity of the spouse. Inforimaton semen quality or female
fecundity was not included, and information on moge to conceive, contraceptive
use, and lifestyle-related factors (e.g., alcolwsistimption or smoking) affecting time
to pregnancy was not available.

In our registry-based approach to studying parextharobability we had no data on

desire to become a parent. This is relevant, asecaurvivors have concerns that their
children may be at an elevated risk of cancer (8ehet al. 1999; Schover et al. 2002).
According to one survey, nine per cent of cancevigors reported this fear as the
reason for not having children (Reinmuth et al. 00v¥oung women who have

survived cancer appear to be overly concerned athmutrisk of birth defects and

cancer in their children (Schover et al. 1999). S hthe health of offspring is an

important factor influencing the family planningdaneproductive choices of cancer
survivors. In some cases lower economic statusinflyence decisions to refrain from

having children.

Clinical studies allow for absolute evaluation eftility by defining serum hormone
levels and sperm counts. Questionnaire studiesdeamify social, economic and other
reasons behind low parenthood rates.

Socio-economic status has previously been showimfleence the risk of preterm
delivery. In our study, results from models adjugtior socio-economic status did not,
however, differ materially from the results withmadjusted models. Although final
models did not adjust for socio-economic status,thnnot be considered a substantial
source of bias, as socioe-conomic differences imatal health have been shown to be
small and are still diminishing in Finland. Othactors not easily accounted for are
anxiety and depression, both of which have beencaed with increased risk of
preterm delivery — and cancer survivors are knownsaffer more psychosocial
problems than members of the general populatiorsdoveillance bias should also be
considered; history of cancer may influence obistetecisions and may place these
individuals under increased surveillance.
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As incidence of preterm delivery is low in Finlanthanks to the high quality of
prenatal care and preventive measures, the figarear study may not be applicable
to women elsewhere in the world.

In the study of cancer in offspring, registry-basadthods presented difficulties in
studying cancer in offspring and identifying hetadi syndromes. For example due to
the establishment of the cancer registry in 1953annhethat the screening of
grandparents was incomplete and, therefore, pesiigreuld be constructed to three
generations for only some families.

Also, there is a possibility of a screening biaewlone is interpreting registry data of
cancer reports without clinical information; if argnt is diagnosed with thyroid
cancer, it may be that the offspring are more gasiteened and treated for a thyroid
lump, which may not necessarily histologically diyahs a malignant tumour.

Although age and gender appear to influence thedfighe late effects studied, the

effect of an important risk factor, namely treatmerannot be assessed in detail
through the use of registry data and would reqaitespital-records-based approach
for more comprehensive assessment. Although theigfinCancer Registry collects

information on treatment, this is limited to thestifour months of treatment and does
not include details of the site of radiotherapytloe dose or agent of chemotherapy
used. By combining information on treatment ane sif tumour, we could make a

rough estimate of the region irradiated; howevenluation of dose-response still

cannot be conducted.

Use of registries and record linkage methodologiss a cost-effective and
comprehensive means for conducting survivorshipeareh. The frequency and
severity of many late effects can be lessened girsurvivor-focused health-care.

6.5 Future Aspects

With constantly developing treatments and a trenwdatds combination of treatment
modalities in an attempt to lower the radiationetoadministered, further studies are
needed to explore possible combined effects of olieenapy and radiotherapy.

For greater understanding of fertility and to digtiish other factors influencing birth
rates in cancer patients, a survey study could beducted. Information on
contraceptive use, conception efforts, and possittstion or motives to refrain from
planning to have children could be obtained

A registry-based study of use of assisted reprdekidechnologies among cancer
patients would be informative as to which diagrogiroups benefit from these
technologies and what percentage of cancer patients subfertility problems, that
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can be solved with current technologies that pueseatient fertility. Knowledge of
insemination and donor sperm would give a more ratelestimate of paternity rates.

Our study was extensive enough in terms of time sal cohort size to evaluate the
incidence of cancer in the offspring and assessgtat and neonatal health. A future
study to evaluate the health of offspring of carmawivors later in life as well as to

evaluate the risk of congenital malformations issded to rule out the risk of

transgenerational effects of therapy.

Results of this study have clear implications ftinical practice in the setting of
follow-up and counselling of cancer survivors. ®edld follow-up on the thyroid
function of paediatric cancer survivors is strongdgommended, as risks vary based
on primary cancer diagnosis. Patients can be adlvédmut their fertile potential
following cancer and given an estimate of the pmkiyi of parenthood after cancer,
with those who have lowered potential selected asdidates for newer fertility
preservation techniques. Patients considering pagea child can be reassured with
regard to the health of potential offspring andwtilmot be discouraged from having
children, as despite the increased risk of pretdaiivery associated mainly with
radiotherapy treatment of the mother, our resulthcate that offspring are not at an
elevated risk of early neonatal or infant deatlr, afcsporadic cancer later in life. Our
results also suggest that female cancer surviapalide of becoming pregnant should
be monitored closely for risk of preterm delivery.
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7. CONCLUSIONS

On the basis of the present investigation, thevdlg conclusions can be made:

1. Former cancer patients diagnosed in childhoaa ar an increased risk of
developing hypothyroidism. The prevalence of hyguaildism exceeded that in
the general population. Females as well as surwiebrHL and CNS tumours

were at highest risk of developing hypothyroidism.

2. Compared to siblings, both male and female cgasweivors were less likely to
parent at least one child after diagnosis. Theivelarobability of parenthood
was especially low in male childhood cancer sumsvand female young adult

cancer survivors.

3. The risk of preterm birth among offspring of fdm cancer survivors was

elevated as compared to offspring of siblings. Télevated risk was seen in

survivors of childhood, adolescence and early &dold cancer. The risk of low
birth weight was also significantly increased buit rafter adjustment for
duration of pregnancy. No significant differencerisk for neonatal or infant
deaths or stillbirth was found among offspring efnfile cancer survivors in
comparison to offspring of female siblings. Howevdre risk of neonatal

intensive care or monitoring was elevated.

4, The risk of sporadic cancer among offspring ahaer survivors was not

elevated as compared to the general populatidmeooffspring of siblings.
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