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Abstract

We evaluated in a population-based setting the postdiagnosis parenthood among survivors compared
with the fertility patterns of siblings. Cancer patients aged 0-34 years at diagnosis were identified
from the Finnish Cancer Registry (N = 25,784), and their siblings (N = 44,611) by registry linkage.
Further linkage identified the offspring of the patient and sibling cohorts. The relative probabilities
of parenthood for first and second births separately were estimated for male and female survivors in
different diagnostic age-groups and subsites using a Cox proportional hazards model, with age as
the time variable and adjusting for the birth cohort of parents. In addition, estimates were calculated
for 5 diagnostic eras in all subsites combined. Compared to siblings, both female and male cancer
survivors were less likely to parent at least 1 child (RR 0.46, 95% CI 0.44-0.48 and RR 0.57, 95%
Cl1 0.54-0.60, respectively). The relative probability of parenthood was especially low in male
childhood cancer survivors and female young adult cancer survivors. However, cancer patients were
only slightly less likely than siblings to parent a second child, with RR 0.91, 95% CI 0.86-0.97 and
RR 0.95, 95% CI 0.89-1.01 for females and males, respectively. The relative probability of
parenthood increased over calendar time among young adult cancer patients. The relative probability
of parenthood following early onset cancer was overall significantly reduced by ~50%. Parenting a
second child, however, was not reduced among pediatric and adolescent survivors, and only slightly
reduced among early adulthood cancer survivors compared to siblings.
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The improvement of chemo and radiotherapy regimens in the past few decades has decreased
mortality! and increased cure rates of childhood? and early onset® malignancy. As cure rates
of childhood cancer continue to increase, more young patients will survive to reach
reproductive ages.

With this expanding population of cancer patients retaining reproductive potential, research
efforts are being made to investigate fertility,4=" pregnancy outcomes,8-10 as well as health
effects among offspring.11:12 However, most studies have addressed possible adverse
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outcomes following treatment regimens that are currently outdated.! Several investigations
focus on a small subgroup of patients with a particular cancer diagnosis,13-16 and few
population-based studies have been conducted.17-19 Despite extensive research in the field of
genetic late-effects, the question of whether or not therapies for cancer can cause adverse effects
in the next generation remains unanswered.20:21

As parenthood after cancer diagnosis has become a reality for a growing population of cancer
survivors, reproductive potential is becoming a major quality-of-life factor. Two surveys
showed that cancer diagnosis increases the value placed on family and the importance of
parenthood for survivors.22:23 Cancer survivors face anxiety and fears relating to reduction in
overall fertility, possible pregnancy risks, as well as health effects in offspring.23:24 There is,
thus, a growing awareness of the need for adequate family planning and counseling of cancer
survivors.2

The aim here is to present the design and cohort characteristics of a large-scale population-
based, registry linkage study and to investigate postdiagnosis parenthood for a wide range of
cancer survivors, diagnosed in childhood, adolescence and early adulthood.

Material and methods

Cancer diagnoses have been reported to the Finnish Cancer Registry (FCR) by physicians,
hospitals and pathological laboratories since 1953. The register is population-based, nation-
wide and almost complete (99% for solid tumors, 92% for hematological malignancies and
100% for childhood cancers).26 The FCR data include person data (date of birth, gender, name,
residence), cancer data (date of diagnosis, primary site, histology, malignancy, stage, basis of
diagnosis) and initial treatment data as well as possible date and cause of death.

The cancer patient cohort was identified from the files of the FCR.26 Patients were included if
they were (i) aged less than 35 years at diagnosis; (ii) diagnosed with a malignant neoplasm
(including benign central nervous system (CNS) tumors and those of uncertain malignancy);
(iii) diagnosed between January 1, 1953 and December 31, 2004; and (iv) alive in 1967 or born
thereafter. In our study, a further eligibility criterion was that the cancer patient reached
reproductive age, defined as 16 years. We were interested in postdiagnosis parenthood defined
as having 1 or more offspring more than 9 months (270 days) after diagnosis. For this exercise,
only those patients parenting their first child after diagnosis were included.

Identification of siblings, spouses and offspring

Since 1967, every resident of Finland has been given a unique personal identification number
(PIN), which can be used for linkage of records from different registries and databases. The
Population Register Centre hosts a nation-wide central population register (CPR) and it
includes the name and former names, PIN, municipality of birth and residence (with residence
history), date of emigration or date of death of each individual living in Finland and alive in
1967 or born thereafter. Further, links to parents, children and siblings are reliably available
for family members born after 1955.

Siblings of cancer patients were identified by linking the PIN of the patient to his or her mother
and father and listing all other children of the patient's parents. By further linkage within the
CPR, we identified the spouses and offspring of cancer patients and their siblings. A father
was defined as the legal parent of a child.
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Survivor and sibling cohorts

A total of 25,784 cancer patients fulfilled the inclusion criteria. Of them, 22,465 (87%) attained
fertile age (16 years) and 3,905 (15%) (1,834 male and 2,071 female survivors) parented at
least 1 child 9 months or more after diagnosis (Fig. 1).

Intotal, 44,611 siblings of cancer patients were identified from the CPR of whom 44,346 (99%)
attained reproductive age (16 years). After excluding the 386 siblings with cancer, 25,827
siblings (58%) (12,454 brothers and 13,373 sisters) parented at least 1 child (Fig. 1).

Statistical analysis

Probability of parenthood among patients was compared to that of siblings. In parenthood
analyses, patients with at least 1 child born already before diagnosis and up to 9 months after
diagnosis were excluded (N = 1,860) (Fig. 1).

Separate analyses were performed for the first live-born child (at least 9 months after cancer
diagnosis for patients) and the second live-born child. The follow-up started at the 16th birthday
for siblings and for patients either at the 16th birthday or 9 months after the date of cancer
diagnosis for those diagnosed with cancer after the age of 15 years and 3 months. The end of
follow-up was defined as the date of birth of a child, the date of death, permanent emigration
or the end of December 2006, whichever came first. In the analyses for the second live-born
child, follow-up began at the time of the delivery of the first live-born child and ended at the
delivery of the second live-born child.

Cox proportional hazards models with age as the time variable were used in assessing the
effects of various variables.2” The relative risks obtained expressed the relative probabilities
of parenthood adjusted for birth cohort. Statistical significance was obtained by comparing
appropriate hierarchical models. The final results are presented by comparing each set of cancer
patients defined by gender, age at diagnosis and site category (including all sites combined)
with the total group of siblings of same gender. These models included the calendar time of
birth (birth cohort) as a categorical covariate classified as follows: (i) before 1951, (ii) 1951
1959, (iii) 1960-1969, (iv) 1970-1979 and (v) 1980 or after. An additional analysis using the
abovementioned model and variables was used to asses the effect of diagnostic era on the
relative probability of parenthood. Diagnostic era was defined as follows: (i) 1953-1962, (ii)
1963-1972, (iii) 1973-1982, (iv) 1983-1992 and (v) 1993-2004.

Model-based, unconditional and conditional, cumulative probabilities of parenthood were also
calculated for all subsites combined by gender and diagnostic age-groups.

All statistical analyses were performed with STATA software, release 9.2.

Ethical issues

Results

The study protocol was approved by the ethical committee of South-West Finland Hospital
District Review Board, and permits for registry linkage were obtained from the Finnish
Ministry of Social Affairs and Health and the Population Register Center.

Cancer survivors were divided into 3 diagnostic age-groups by age at diagnosis, pediatric (0—
14 years at diagnosis), adolescent (15-19 years) and young adult (20-34 years) groups. Of all
cancer survivors that fulfilled the eligibility criteria, 6,071 (24%) were pediatric patients, 2,654
(10%) adolescents and 17,059 (66%) young adults (Table I). The cancer site grouping used for
pediatric and adolescent patients is based on the International Classification of Childhood
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Cancer.28 The carcinomas and other malignant epithelial neoplasm group was further divided
into major subsites to account for different malignancy patterns among young adults.

For the entire patient cohort, there was a transition from a preponderance of hematopoietic
system neoplasms in children to carcinomas and other malignant epithelial neoplasms among
young adults. The distribution of main diagnostic sites was similar among males and females
in the pediatric and adolescent diagnostic age groups. In the group of young adult males, the
most common malignancies were carcinomas and other malignant epithelial neoplasms (30%),
testicular cancer (15%), CNS tumors (13%) and Hodgkin lymphoma (HL) (12%). Among
young adult females the most common malignancies were breast cancer (17%), thyroid cancer
(12%) and CNS tumors (10%) (Table I).

The relative probability of having their first or second child among cancer survivors was
estimated only for those survivors who had neither parented children before diagnosis nor up
to 9 months after diagnosis. The relative probability of having a first child was significantly
reduced for all cancer sites and diagnostic age-groups combined; RR 0.57, 95% CI 0.54-0.60
for males and RR 0.46, 95% CI 0.44-0.48 for females. The relative probability of parenting a
second child was, however, only slightly reduced compared to that of siblings; RR 0.95, 95%
Cl 0.89-1.01 among males and RR 0.91, 95% CI 0.86-0.97 among females.

Among males, the relative probability of parenthood was significantly higher among the
adolescent cancer survivors compared to the adult and childhood age groups (Table 11). In
females, the relative probability of parenthood was similarly reduced among pediatric and
adolescent cancer survivors and significantly lowers among adult cancer survivors (Table I1).

In the pediatric diagnostic age-group, among the significant values, the lowest relative
probabilities of parenthood were observed for males in the CNS tumor and HL groups and for
females in the germ-cell malignancy and CNS tumor groups. The least reduced relative
probabilities were in the non-Hodgkin lymphoma (NHL) and soft-tissue sarcoma groups in
males, and in the renal tumor and leukemia subgroups among females.

Among adolescent survivors, the overall relative probability of parenthood did not differ
significantly between males and females. In both genders, a significantly reduced relative
probability of parenthood was seen in the leukemia, HL, CNS and germ-cell malignancy group
as well as in the malignant bone tumor and carcinoma groups, in females.

In the young adult age-group, the relative probability of parenthood following cancer treatment
was significantly lower in females compared to males. This difference was most pronounced
in the malignant bone tumor, carcinomas and germ-cell malignancy groups. Among adult male
survivors, the relative probability of parenthood was lowest among leukemia and HL patients.
In female survivors, reductions were most pronounced among leukemia, germ-cell malignancy
and breast cancer survivors. Relative probabilities of parenthood were highest among male
thyroid cancer, malignant bone tumor and soft tissue sarcoma survivors. Among females the
probabilities were highest among thyroid cancer, NHL and soft tissue sarcoma survivors.

There was a significant trend of an increasing relative probability of parenthood over calendar
periods of diagnosis among young adult male and female survivors (Table I11). In the pediatric
and adolescent groups, no clear trends could be observed over time.

The cumulative probability of having a first child was clearly lower in cancer survivors than
in siblings in all diagnostic age groups (Fig. 2). For example, the cumulative probability of
parenthood by the age of 35 years was clearly lower among patients treated in early adulthood
than among siblings, in males 43% vs. 63% and in females 38% vs. 73%.
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The relative probability of parenting a second child after diagnosis was also significantly
reduced in the young adult diagnostic age-groups. This reduction was more pronounced among
females than among males: RR 0.84, 95% CI 0.77-0.91 and RR 0.92, 95% CI 0.85-0.99,
respectively. In females, the reduction was visible in the carcinoma subsite, mainly thyroid
cancer, whereas in males no significant reduction by subsites could be seen. Relative
probabilities in pediatric and adolescent survivors were close to 1.

Discussion

This report describes the Finnish component of the GCCT (Genetic Consequences of Therapies
for Cancer), an international multi-institutional collaborative venture involving Finland (The
Finnish Cancer Registry), Denmark (the Danish Cancer Society), The United Kingdom
(Westlakes Research Institute and the University of Central Lancashire) and the United States
(Vanderbilt University and MD Anderson Cancer Center). The distribution of cancer diagnoses
in the entire patient cohort (0-34 years) followed the common incidence patterns seen in other
European and Nordic countries.3:29 The probability of posttreatment parenthood was
significantly reduced by ~50% in cancer patients compared with siblings. However, the
probability of having a second child after diagnosis, having parented 1 child following
diagnosis, was much less reduced.

Two previous population-based studies examined parenthood following cancer. One reported
a 25% reduction in parenthood among patients diagnosed with cancer between ages 17 and
44,18 while the other reported a 10-year cumulative postdiagnosis parenthood rate of only 14%
among patients diagnosed at the age of 15-45.1° Both studies used the general population as
a comparison group. Different methodological approaches limit direct comparison of these
rates to our result, in which the probability of parenthood among cancer patients was reduced
by about 50% of that among their siblings. Unlike the other 2 studies, our cohort also included
pediatric cancer patients and used a sibling cohort as the comparison group. Moreover, 1
study8 reported a lowered probability of having a second child in 17—44 years old, while in
our study this was also observed among survivors of young adulthood malignancies. Table 1V
summarizes recent studies on post-diagnosis parenthood.

For males, the relative probability of parenthood was highest among patients treated in
adolescence and similarly reduced for patients treated in childhood and adulthood. The
parenthood advantage among adolescent cancer patients compared to pediatric patients can be
explained by the likelihood of sperm banking increasing after puberty. Despite this equal
possibility in adolescent and adult cancer patients, adolescents were more likely to parent
children, which could be explained by malignancy type and treatment regimens, the distribution
of primary diagnoses patterning more closely that of pediatric cancer patients.

Among females the parenthood disadvantage tilts clearly toward adulthood cancer survivors,
being similar among pediatric and adolescent survivors. This disadvantage was most
pronounced in the leukemia and breast cancer groups. A large proportion of young adult
leukemia patients have undergone stem cell transplantation during the last decades.3? The
aggressive treatments related to stem cell transplantation, such as total body irradiation, could
explain the lowered parenthood rates. Psychological factors may also account for part of the
difference. As following hormone dependent malignancies, here namely breast cancer, women
are discouraged from further pregnancies due to the estrogen load and the related risk of
recurrence, which could explain the low parenthood rates observed among breast cancer
survivors in our study.

Within the male pediatric survivors group, the relative probability of parenthood was low
among survivors of HL and germ cell neoplasm groups. The fertility disadvantage among males
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may be due to the fact that premature male gonadal tissue and spermato-genesis are known to
be sensitive to the deleterious effects of radiotherapy and some chemotherapeutic agents.4’
The probability of parenthood was also greatly reduced among males with CNS tumors and
lowest in the pediatric patient group compared to the adolescent and adult groups. Alkylator-
sensitivity of testicular tissue may explain a large part of the greater male disadvantage in this
group. Also psychosocial factors such as finding a partner may be partly responsible in patients
receiving treatment to the CNS. A recent study by Frobisher showed the lowest proportions of
ever married to be among male CNS neoplasm survivors.3! The more pronounced parenthood
disadvantage in the pediatric group may also be explained by a greater risk of social
marginalization as a result of cognitive effects of treatment or due to fragility of social
development at this phase.

In adults, the parenthood disadvantage is clearly more pronounced in females. This,
conceivably, could be partly explained by differences in mothering and fathering a child from
a biologic point of view. Mechanical limitations to taking a pregnancy to full-term result from
radiotherapy and high-dose chemotherapy induced abdominopelvic tissue fibrosis and reduced
vascular supply to reproductive organs.32-34 Premature menopause has been reported in
females following cancer treatment,3° whereas an equivalent time-window of fertility does not
apply to males. As female gametes are present from birth, effects on the female reproductive
function are more likely to be permanent.

Among young adult survivors, a significant trend of increasing relative parenthood probability
with diagnostic era was visible. This may reflect the expanding use of chemotherapy among
adults, which has replaced radiotherapy as the main treatment option during the last 2 decades.
Thus, the possibility of having children after cancer treatment has increased as chemotherapy
is more fertility preserving than radiotherapy treatment used to be. Among pediatric patients,
however, the use of chemotherapy has been a common practice for a longer period already,
and there was no clear improvement to be seen by diagnostic era. Among adults the
development of IVF technologies in the last 2 decades may also explain part of the increase.

Probability of having a second child was significantly reduced only among young adult
survivors. Female gametes are present from birth and thus ovum harvesting is possible for
pediatric and adolescent patients alike, however rarely in use at the moment. The lower relative
probability of parenting both a first and second child after adulthood cancer might be explained
partly by premature menopause which has been attributable largely to the deleterious effects
of chemotherapy and abdominopelvic irradiation.35:36

Our study methodology offers reliable nation-wide register-based data on the long-term
implications of cancer therapy. Furthermore, as siblings were used as the comparison group,
confounding due to possible familial factors, e.g. certain hereditary infertility states and cultural
and geographical differences were, at least partially, considered. By adjusting for birth cohort,
possible trends over time were also, in part, accounted for. In previous population studies on
postdiagnosis parenthood, the general population has been used as a comparison group which
is not necessarily optimal in controlling for important potential confounders.18:19 Other studies
that rely on questionnaire-based self-reporting could be influenced by both selection and recall
bias. By excluding those who had parented a child prior to cancer, our goal was to minimize
the effect of psychological factors, namely motivation to conceive, on the possibility of
parenting a child after diagnosis. In this way, we attempted to make parenthood as an accurate
measure of fertility as possible. Also this allowed a more just comparison of patients to siblings
as by the abovementioned exclusion, the definition of 1st child was made identical in both
groups.
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A recent publication from the Childhood Cancer Survivor Study group reported long-term
effects of childhood cancer patients treated between 1970 and 1986.37 As our diagnostic era
extends to 2004, it also allows us to address the effects of more recent cancer treatments. It is
evident that there is a need for further research to provide adequate and tailored family planning
counseling for this growing population of cancer survivors maintaining their fertile potential.

As it is known that cancer survivors face fear and anxiety relating to fertility after diagnosis
and health of offspring,23:24 we wished to address the fertility patterns of patients following
treatment for early onset cancer. Although parenthood after early onset cancer diagnosis was
possible among nearly half the patients, it was significantly reduced in both genders compared
with siblings. However, the probability of having a second child was only slightly reduced and
only among young adult survivors.
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