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Abstract

Background. Increased awareness of the adverse effects of cancer treatments has prompted the development of fertility
preserving regimens for the growing population of cancer survivors who desire to have children of their own. Material and
methods. We conducted a registry-based study to evaluate the risk of stillbirth, early death and neonatal morbidity among
children of female cancer survivors (0-34 years at diagnosis) compared with children of female siblings. A total of 3501
and 16 908 children of female cancer patients and siblings, respectively, were linked to the national medical birth and
cause-of-death registers. Results. The risk of stillbirth or early death was not significantly increased among offspring of
cancer survivors as compared to offspring of siblings: the risk [Odds Ratio (OR)] of early neonatal death, i.e. mortality
within the first week was 1.35, with a 95% confidence interval (CI) of 0.58-3.18, within 28 days 1.40, 95% CI 0.46—4.24
and within the first year of life 1.11, 95% CI 0.64-1.93 after adjustment for the main explanatory variables. All these risk
estimates were reduced towards one after further adjustment for duration of pregnancy. Measures of serious neonatal
morbidity were not significantly increased among the children of survivors. However, there was a significant increase in the
monitoring of children of cancer survivors for neonatal conditions (OR 1.56, 95% CI 1.35-1.80), which persisted even
after correcting for duration of pregnancy, that might be related to parental cancer and its treatment or increased surveil-
lance among the children. Conclusion. Offspring of cancer survivors were more likely to require monitoring or care in a
neonatal intensive care unit, but the risk of early death or stillbirth was not increased after adjustment for prematurity. Due
to the rarity of the mortality outcomes studied, collaborative studies may be helpful in ruling out the possibility of an
increased risk among offspring of cancer survivors.

girls treated before menarche [9]. Previous studies
evaluating the risk of stillbirth among female cancer

Survivors of cancer who may be able to have children
of their own are concerned about the health and well-

being of their future offspring [1,2]. Increasing
awareness of the adverse effects of cancer treatments
on the reproductive system has led to the develop-
ment of fertility preserving regimens, making parent-
hood possible for a growing population of early onset
cancer survivors [3]. Although little evidence exists to
support an increased risk of genetic disease in the off-
spring [4-7], risk of preterm delivery has been shown
to be elevated among offspring of female cancer sur-
vivors [8—10], related quantitatively in one study to
high radiation doses to the immature uterus of young

survivors did not find significant differences between
former cancer survivors and the comparison group
[11,12]. However, a report from the Childhood
Cancer Survivor Study (CCSS) found a positive
dose-response association between uterine and
ovarian radiation and the risk of stillbirth and neo-
natal death among offspring of female survivors
[13], but this could not be confirmed by a recent
Danish case-cohort study [14].

Pregnancy outcomes previously studied in the
population of former cancer survivors include low
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birth weight and preterm birth [8,9,11,15], stillbirths
[11], spontaneous [12] and induced abortions [16].
Most previous studies are limited to the subgroup of
childhood cancer survivors [9,10]. One study
reported overall hospitalizations of offspring as well
as hospitalizations due to perinatal causes to be sim-
ilar among survivor and sibling offspring [17].
Although the risk of certain obstetric complications
such as preterm delivery is well-established, neonatal
health and mortality of offspring have been infre-
quently studied. As prematurity is a major cause of
neonatal morbidity and mortality in developed coun-
tries and because the offspring of cancer survivors
have in general an elevated risk of prematurity, it is
important to evaluate the risk of mortality and
morbidity in the children of cancer survivors. Fur-
thermore, stillbirths and early deaths within the neo-
natal period have been considered measures of
genetic disease in the progeny of cancer survivors.

In a population-based approach, using nationwide
health registries, we explored stillbirth, neonatal and
infant death and neonatal morbidity among offspring
of female cancer survivors treated in childhood, ado-
lescence or early adulthood (aged below 35 years at
diagnosis), compared with a cohort of offspring of
female siblings of former early onset cancer
patients.

Material and methods

In Finland, a unique personal identity code (PIC)
has been given to each citizen and permanent resi-
dent since 1964-1967.This code allows for individual
linkage of records from different registries and data-
bases. Identification of the cancer patient, sibling,
and offspring cohorts, as well as data on the end-
points studied were obtained using four nation-wide
registers: the Finnish Cancer Registry, the Central
Population Register (CPR), the Medical Birth
Register, and the Cause-of-Death Register.

Registers used in the study

The Finnish Cancer Registry began systematic reg-
istration of cancer cases in 1953. The registry is
population-based, nation-wide and almost 100%
complete (100% for solid tumors, over 90% for
hematological malignancies, and 100% for child-
hood cancers) [18]. Data recorded in the registry
include the PIC, details of primary cancer site and
histology, stage, and date of diagnosis.

The CPR was founded in 1969. It is nation-wide
and includes the name and former names, PIC,
municipality of birth and residence, the date of emi-
gration or date of death if applicable of each indi-
vidual living in Finland and alive in 1967 or born

thereafter. Within the CPR, individuals born in 1955
or thereafter can be linked reliably to their parents,
siblings and offspring. Siblings of cancer patients
were identified from the CPR by linking the PIC of
the patient to his or her mother. All offspring of
patients and siblings were also identified from the
CPR by maternal link.

The Medical Birth Register began in 1987 and
contains individual data on all mothers giving birth
and on all children born in Finland. The data include
identification codes both for mothers and children.
All live births and stillbirths at a birth weight of at
least 500 g or a gestational age of at least 22 weeks
are included in the registry. The data are received
from hospitals or from the midwife or physician
assisting in the delivery. Data for less than 0.1 per
cent of infants are missing in the Medical Birth
Register during the study period [19].

Statistics Finland maintains the Cause-of-Death
Register for all deaths in Finland. The data are com-
piled from death certificates and supplemented with
data from the CPR. Death certificates are checked
by physicians regionally and centrally at Statistics
Finland. Data on causes of death have been available
in computerized form since 1969.

Study cohorts

A total of 25 784 males and females between the ages
0 and 34 years were diagnosed with cancer between
1953 and 2004 and identified within the Finnish
Cancer Registry. The personal identity code of the
cancer patients was used for linkage to the CPR and
44 611 full and half siblings of these patients were
identified (Figure 1). Likewise, live-born offspring of
both cancer survivors and siblings were identified
from the CPR.

Offspring of cancer survivors and siblings

There were 13 799 female cancer survivors under the
age of 35 years at diagnosis of whom 12 340 attained
reproductive age (16 years) (Figure 1). From the
Medical Birth Register, we identified 2219 patients
with post-diagnosis deliveries since 1987 and 3654
still- or live-born offspring born at least nine months
after diagnosis. Of these, 3513 were singletons and
included in the analyses of stillbirths and neonatal
outcomes.

In all, 44 611 siblings of cancer patients were
identified by linkage to the CPR. Of these 21 640
were females of whom 21 539 attained reproductive
age. After excluding 218 female siblings with early
onset cancer (included in the survivors), we were left
with 21 321 healthy female siblings who could be linked
to the Medical Birth Register. From the Medical Birth
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Early onset (age 0-34 yrs)
cancer patients diagnosed
in 1953-2004

N 25784

Siblings of patients
»| retrieved in January 2007
N 44611

Linkage via CPR

Female siblings
Female patients N 21 640
N 13799 Alive at 16 yrs
Alive at 16 yrs N 21539
N 12 340 Without cancer
N 21321

¥ ¥

Mothers with at
least one child
born 9 mo after

Mothers with
children born in

diagnosis in 1987 1987 or later
or later N 8636 (MBR)
N 2219 (MBR)

N children 3654 N children 17 500

N without twins or
triplets 16 958
N live-born 16 908

N without twins or
triplets 3513
N live-born 3501

(MBR, CDR) (MBR, CDR)
N stillborn 12 N stillborn 50
(MBR) (MBR)

Figure 1. Cohorts of former cancer patients, siblings of cancer
patients and offspring. Description of linkage with the Cause-
of-Death Register (1969-2007) and Medical Birth Register
(1987-2008) to obtain information on early deaths and stillbirths,
respectively. CDR, Cause-of-Death Register; MBR, Medical Birth
Registry; mo, months; yrs, years.

Register, information on the deliveries of 8636 sib-
lings and their 17 500 offspring born after 1987 were
identified. A total of 16 958 singleton offspring were
included in the analyses of stillbirths and neonatal
outcomes (Figure 1). Deaths were analyzed for
offspring born in 1987 or thereafter.

Outcomes

The offspring of female cancer survivors and off-
spring of female siblings were linked to the Cause-
of-Death Register to obtain the dates and causes of
death from 1987 to 2008. Early neonatal mortality
was defined as a death occurring during the first
week of life (0—6 days), neonatal mortality was
defined as a death occurring within the first four
weeks of life (0—27 days), and infant mortality as any
death occurring during the first year of life (0-364
days). We also explored perinatal mortality by com-
bining stillbirths and early neonatal deaths into one
outcome category. The cause of death was studied in
the following groups: deaths from disease and medi-
cal conditions [including sudden infant death syn-
drome (SIDS)] and deaths from external causes and
poisonings, or from unintentional and intentional
accidents and injuries. Causes of death related to

diseases and medical conditions were grouped in the
following categories: congenital anomalies and con-
ditions, prematurity and delivery complications,
infections and malignancy.

Female cancer survivors and female siblings were
also linked to the Medical Birth Register to obtain
information on stillbirths and various adverse neona-
tal outcomes of their children up to the end of 2008.
Stillbirth in Finland is defined as a fetus that was not
viable at birth at a minimum of 22 weeks of gestation
and/or weighing at least 500 g at birth. Neonatal car-
diopulmonary distress was defined as a need for
cardiopulmonary resuscitation or ventilation assis-
tance. Asphyxia was defined as a one minute Apgar
score lower than 7 and artery pH lower than 7, or
solely an artery pH lower than 7 if the Apgar score
was missing. In the MBR, information on five minutes
Apgar scores were not collected between October
1990 and December 2003, and therefore not used in
our study. The need for monitoring of the infant was
defined as a transfer to a neonatal intensive care unit,
an observation ward, or transfer to another hospital
or another ward within the same hospital.

Statistical analysis

Multiple logistic regression models were used to
calculate odds ratios (ORs) for adverse outcomes for
singleton births. Models exploring neonatal mortal-
ity were adjusted for the mother’s previous history of
a neonatal death, infant sex, maternal age, calendar
time (by decade), and birth order (based on the
mother’s pervious deliveries). To account for the
effect of preterm delivery, a separate model further
adjusting for duration of pregnancy was applied.
Models for stillbirth and neonatal morbidity out-
comes included the following basic set of explanatory
variables: infant sex, birth order, duration of preg-
nancy in full weeks, year of delivery, maternal age,
maternal hypertension, maternal smoking, pre-
eclampsia, maternal infections, gestational diabetes
or impaired glucose tolerance, placental problems
(including premature detachment and placenta pre-
via). Maternal age was treated as a categorical vari-
able with the following three categories: 1) less than
20 years; 2) 20-34 years and 3) 35 years or more.
Birth order and year of delivery were treated as con-
tinuous variables, while all other variables were
dichotomous.

To evaluate the possible effects of age at cancer
diagnosis on the outcomes, patients were further
divided into three diagnostic age groups as follows:
childhood survivors (0—14 years at diagnosis), adoles-
cent survivors (15-19 years at diagnosis), and young
adult survivors (20-34 years at diagnosis). Multiple
pregnancies of the same mother were included in the
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analyses using random effects modeling to take into
account the dependent nature of the data of children
born to the same woman. All the results presented
have been calculated using these models. The log-
likelihood ratio test was performed in the process of
choosing models and variables for the final analysis.
Stata 11 software was used for all calculations (STATA
Corp, College Station, Texas, USA).

Results

In total, there were 16 deaths occurring within the
first year of life among offspring of female cancer
survivors compared with 72 among offspring of sib-
lings. In both groups the majority of deaths occurred
within the first seven days of life 12/16 (75%) and
45/72 (63%), for cancer survivors and siblings off-
spring, respectively. There were 12 stillbirths among
cancer survivors and 50 among siblings.

Overall, after adjusting for the major explanatory
variables, cancer survivors did not have a significantly
elevated risk of early death up to the age of one year
(OR 1.11, 95% CI 0.64-1.93) compared with off-
spring of siblings (Table I). The suggestion of an
increased risk for early neonatal (first week of life) and
neonatal (first month of life) death (OR 1.35,95% CI
0.58-3.18 and OR 1.40, 95% CI 0.46-4.24) was
explained in large part by prematurity as risks were
decreased after adjustment for duration of pregnancy
(OR 1.06 95% CI 0.50-2.25 and OR 1.07, 95% CI
0.53-2.15). No significant increase in risk of early
deaths was observed in subgroup analyses by age at
diagnosis (Table II). ORs were also calculated for per-
inatal mortality (combining stillbirths and early neo-
natal deaths), but no significant elevation in risk could
be observed after adjustments (OR 1.28, 95% CI
0.81-2.04). Further adjustment for duration of preg-
nancy reduced the OR to 1.00 (95% CI 0.62-1.62).

In all, deaths from diseases and medical causes
within the first year of life were similar among off-
spring of survivors and siblings. The largest categories

of early death causes were delivery complications and
prematurity as well as congenital anomalies and con-
ditions. Among offspring of cancer survivors all 16
early deaths were due to medical causes, while the
corresponding number among offspring of siblings
was 65. Of deaths due to medical causes, among off-
spring of cancer survivors eight deaths (0.23%) were
due to prematurity or delivery complication and
eight (0.23%) due to congenital anomaly and disease
while the corresponding numbers in the sibling off-
spring cohort were 31 (0.18%) and 30 (0.17%),
respectively. Among the offspring of siblings seven
(0.04%) were accidental or due to sudden infant
death syndrome while no deaths were due to violent
causes in offspring of cancer survivors.

Of the 12 stillbirths among survivors, one
occurred in a childhood leukemia survivor, one in a
survivor of colon adenocarcinoma in adolescence,
and 10 in young adult survivors (five thyroid cancers,
one central nervous system cancer, one Hodgkin
lymphoma, one breast cancer, one cervix cancer, and
one colon cancer). The risk of stillbirth and birth
asphyxia was not elevated in offspring of female can-
cer survivors compared with offspring of siblings but
there was a significantly increased risk (OR 1.90,
95% CI 1.65-2.19) for the need for intensive care or
neonatal monitoring (including transfer to another
hospital or ward), persisting after adjustment for
duration of pregnancy among other explanatory vari-
ables (OR 1.44, 95% CI 1.25-1.66) (Table III). This
elevated risk was observed in all diagnostic age-
groups compared with offspring of siblings (Table
IV). The proportion of offspring requiring neonatal
intensive care was 121/3501 (3.5%) and 428/16 908
(2.5%), in female cancer survivors and siblings,
respectively. The proportion of offspring transferred
to another hospital/ward was 112/3501 (3.2%) in
offspring of female cancer survivors and 292/16 908
(1.7%) in the offspring of siblings. Though the risk
for cardiopulmonary resuscitation or respirator care
appeared significantly elevated in crude analyses, the

Table I. Risk of early neonatal death (within one week), neonatal death (within one month, first week included), and infant death (up to
one year) from the Cause-of-Death registry (1987-2007) among offspring of female cancer survivors born nine months after diagnosis or

later as compared with offspring of female siblings.

Offspring of female

Cancer survivors Siblings
(n=3501) (n=16 908) Crude Adjusted Adjusted
Outcome No. No. OR 95% CI OR* 95% CI OR® 95% CI
Early neonatal death (<7 days) 12 45 1.29  0.65-2.53 1.35 0.58-3.18 1.06 0.50-2.25
Neonatal death (<28 days) 14 53 1.28 0.69-2.38 1.40 0.46-4.24 1.07 0.53-2.15
Infant death (<1 year) 16 72 1.07 0.62-1.88 1.11 0.64-1.93 0.89 0.51-1.57

CI, confidence interval; OR, odds ratio.

*Qdds ratios are derived from random effects conditional logistic regression models, adjusted for maternal age, birth decade, child sex,

birth order, and previous history of neonatal death.

20dds ratios are derived from random effects conditional logistic regression models additionally adjusted for preterm delivery.
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Table II. Risk of early neonatal (within one week), neonatal (within one month, first week included) and
infant death (up to one year) from the Cause-of-Death Registry data (1987-2007) by age at diagnosis
of survivor parent comparing offspring of female patients with offspring of female siblings.

Offspring of

Female cancer survivors

0-14 yrs 15-19 yrs 20-34 yrs
n=>563 n=521 n= 2417
Siblings

Outcome OR 95% CI OR 95% CI OR 95% CI (n=16 908)
Early neonatal death, N 2 0 10 45
Crude OR (95% CI) 1.30 0.29-5.92 1.57 0.76-3.26 1
Adjusted OR* (95% CI) 1.57  0.37-6.71 1.60 0.78-3.29 1
Adjusted OR* (95% CI) 1.30  0.25-6.80 1.35 0.58-3.12 1
Neonatal death, N 3 0 11 53
Crude OR (95% CI) 1.71 0.49-5.94 1.46  0.74-2.90 1
Adjusted OR (95% CI) 2.30  0.50-10.58 1.51 0.65-3.50 1
Adjusted OR (95% CI) 1.73 0.43-7.04 1.26 0.58-2.76 1
Infant death, N 3 0 13 72
Crude OR (95% CI) 1.25 0.38-4.11 1.26 0.70-2.33 1
Adjusted OR (95% CI) 1.51 0.47-4.85 1.24 0.68-2.28 1
Adjusted OR (95% CI) 1.23  0.37-4.07 1.05 0.56-1.97 1

CI, confidence interval; OR, odds ratio; yrs, years.

*Qdds ratios are derived from conditional logistic regression models, adjusted for maternal age, birth
decade, child sex, birth order, and previous history of neonatal death.

20dds ratios are derived from conditional logistic regression models, adjusted for maternal age, birth
decade, child sex, birth order, and previous history of neonatal death and preterm delivery.

associations disappeared after adjustment for duration female cancer survivors as compared with offspring
of pregnancy. of female siblings of former early onset cancer
patients. The strengths of our study include the
population-based approach which allowed complete

Discussion identification of female cancer survivors, siblings and
We studied early mortality (up to one year of age), offspring, and the endpoints studied, yielding
stillbirth, and neonatal morbidity among offspring of the largest offspring cohort to date exploring these

Table III. Risk of stillbirth and various indicators of neonatal outcomes (cardio-pulmonary resuscitation or respirator care, monitoring or
neonatal intensive unit care, and birth asphyxia) among offspring of women with a history of cancer as compared with offspring of female
siblings using data from the Medical Birth Registry (1987-2008).

Offspring of female

Cancer survivors Siblings
Liveborn Liveborn Crude Adjusted Adjusted
Outcome n=3513 (%) n=16 958 (%) OR 95% CI OR* 95% CI OR*® 95% CI
Stillbirth 12 (0.3) 50 (0.29) 1.15  0.61-2.19 1.12 0.56-2.26 0.77 0.33-1.78
CPR or respirator care® 60 (1.7) 182 (1.1) 1.63 1.20-2.23 1.42 1.04-1.96 1.12 0.76-1.65
Monitoring or NICU care* 450 (12.8) 1311 (7.8) 1.90 1.65-2.19 1.56 1.35-1.80 1.44 1.25-1.66
Birth asphyxia*® 79 (2.3) 322 (1.9) 1.21  0.92-1.59 0.93 0.70-1.22 0.92 0.70-1.22

CI, confidence interval; CPR, cardio-pulmonary resuscitation; NICU, neonatal intensive care unit; OR, odds ratio.

F$0Odds ratios are derived from random effects logistic regression models, adjusted for maternal age, delivery year, infant sex, maternal
smoking, maternal hypertension, placental problems, maternal infections, birth order, maternal diabetes or impaired glucose tolerance,
and pre-eclampsia.

20dds ratios are derived from random effects logistic regression models, adjusted for maternal age, delivery year, infant sex, maternal
smoking, maternal hypertension, placental problems, maternal infections, gestational age, birth order, maternal diabetes or impaired
glucose tolerance, pre-eclampsia and gestational age.

*The denominator for neonatal morbidity outcomes included only live-born offspring and was 3501 for patients and 16 908 for
siblings.
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Table IV. Risk of stillbirth and various indicators of neonatal outcomes (cardio-pulmonary resuscitation or respirator care, monitoring or
neonatal intensive unit care, and birth asphyxia) among offspring of women with a history of cancer grouped by age at diagnosis as
compared with offspring of female siblings using data from the Medical Birth Registry (1987-2008).

Offspring of female

Cancer survivors

0-14 15-19 20-34
(n=564) (n= 522) (n=2427)
Siblings

Outcome OR 95% CI OR 95% CI OR 95% CI (n=16 958)
Stillbirth N 1 1 10 50
Crude OR (95% CI) 0.60 0.08-4.41 0.65 0.09-4.77 1.39 0.70-2.78 1
Adjusted OR¥ (95% CI) 0.80 0.11-5.85 0.83 0.11-6.07 1.24 0.58-2.68

Adjusted OR* (95% CI) 0.50 0.06—4.51 0.56 0.06-5.08 0.89 0.35-2.23 1
CPR or respirator care N* 15 7 38 182
Crude OR (95% CI) 2.60 1.46-4.64 1.29 0.58-2.86 1.49 1.03-2.15 1
Adjusted OR¥ (95% CI) 2.38 1.32-4.27 1.15 0.52-2.57 1.27 0.87-1.86

Adjusted OR* (95% CI) 1.87 0.89-3.90 0.74 0.27-2.06 1.04 0.66-1.66 1
Monitoring or NICU care N* 83 66 301 1311
Crude OR (95% CI) 2.26 1.66-3.08 1.91 1.36-2.66 1.82 1.54-2.14 1
Adjusted OR¥ (95% CI) 1.70 1.25-2.32 1.62 1.17-2.25 1.52 1.28-1.79

Adjusted OR* (95% CI) 1.55 1.13-2.13 1.49 1.07-2.07 1.40 1.19-1.66 1
Birth asphyxia N* 17 5 57 322
Crude OR (95% CI) 1.72 0.98-3.01 0.48 0.19-1.23 1.26 0.92-1.73 1
Adjusted OR¥ (95% CI) 1.18 0.68-2.05 0.36 0.14-0.91 1.01 0.73-1.38

Adjusted OR* (95% CI) 1.17 0.68-2.03 0.36 0.14-0.90 1.00 0.73-1.38 1

CI, confidence interval; CPR, cardio-pulmonary resuscitation; NICU, neonatal intensive care unit; OR, odds ratio.

+0dds ratios are derived from random effects conditional logistic regression models, adjusted for maternal age, delivery year, child sex, maternal
smoking, maternal hypertension, placental problems, birth order, maternal diabetes or impaired glucose tolerance and pre-eclampsia.

*0dds ratios are derived from random effects conditional logistic regression models, adjusted for maternal age, delivery year, child sex,
maternal smoking, maternal hypertension, placental problems, birth order, maternal diabetes or impaired glucose tolerance, pre-eclampsia

and gestational age.

*The denominator for neonatal morbidity outcomes included only live born offspring and was 3501 for patients (563, 521 and 2417 in
the childhood, adolescent and early adults age groups, respectively) and 16 908 for siblings.

outcomes. Furthermore, registry linkage allowed
identification of the comparison group of siblings of
former cancer patients. By including multiple deliv-
eries per subject, we were able to explore the risk of
the outcomes in all post-diagnosis offspring. Like-
wise, based on central population registration, the
previous obstetric history could be taken into account
by adjusting for background factors, such as birth
order. Registry data provided information on out-
comes studied and important confounders for cancer
survivors and siblings alike. In this way the data, as
opposed to self-reported data, were free of recall bias.
Twin and triplet deliveries were excluded from the
analyses, as they are known to be associated with the
outcomes studied. Previous studies on mortality risk
estimates are limited to the neonatal period [11,13,14],
and our study is, to the best of our knowledge, the
first study reporting later deaths up to one year of
life among offspring of cancer survivors.
Limitations of our study include, despite the use
of population-based nationwide data, the relatively
small number of stillbirths and neonatal deaths
occurring in children of female cancer survivors and
siblings, and the lack of detailed information on type

of cancer treatments received (e.g. doses of radio-
therapy or chemotherapy, details of surgery) which
precluded dose-response evaluations.

Our results do not rule out the possibility of an
elevated risk of death during the neonatal period
among the offspring of the 2219 former cancer
patients in comparison with offspring of 8636 female
siblings. However, the suggestion in our data of an
increased risk of death during the first week and
month of life appeared to be attributable to the pre-
viously reported higher incidence of preterm birth
among offspring of cancer patients [8,9,11,15].

One previous study [13] did not report overall
risk of neonatal death, but rather explored neonatal
death in relation to cancer treatment received by
1627 mothers and found neonatal death to be ele-
vated among offspring of cancer patients who had
received high doses of uterine or ovarian irradiation
(>10 Gy) and a dose-response relationship was
found. Another study of 917 female cancer survivors
explored overall risk of neonatal death and reported
a non-significantly increased risk in survivors off-
spring compared to offspring of healthy population
controls (OR 1.37,95% CI 0.42, 4.45) [11].
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Our data indicated no significant difference in the
risk of stillbirth in offspring of cancer survivors com-
pared with offspring of siblings. Previous studies
were similarly unable to demonstrate a significant
difference between exposed offspring and healthy
controls [11,12].

Results concerning dose-response relationships
between gonadal irradiation and stillbirth are contra-
dictory. A report from the Childhood Cancer Survi-
vor Study (CCSS) found a positive dose-response
association between uterine and ovarian radiation
and the risk of stillbirth and neonatal death among
offspring of female survivors [13]. Another report
from a Danish study exploring dose-response rela-
tionships between cancer treatments and stillbirths
and neonatal death, found no association between
radiotherapy doses to the gonad and these untoward
pregnancy outcomes [14].

Different definitions of stillbirth may explain
variability between results to some extent. The lack
of treatment data in our study limited comparability
to these results.

Etiology of stillbirth is multifactorial [20,21].
According to some estimates, in one quarter of cases
the underlying etiology is genetic [22], consisting
mainly of karyotypic abnormalities, though single
gene disorders and sporadic multiple malformation
syndromes may also result in stillbirth. Cord compli-
cations and placental etiologies have been implicated
in one of four cases. Other maternal risk factors
include pre-eclampsia, maternal infection, nullipar-
ity, smoking and high maternal age [23]. In our survi-
vor cohort, none of the women who delivered stillborn
infants suffered from pre-eclampsia or were diagnosed
with placental ablation or placenta previa. Two infants
were in breech presentation and were delivered by
cesarean section. As we did not have information on
karyotype or autopsy findings in these infants, we can-
not rule out the possibility that the stillbirth outcome
reflects genetic etiologies in our data.

The hypothesis of an increased risk of stillbirth
and neonatal death among former cancer survivors is
plausible for more than one reason. It has been shown
that offspring of female cancer survivors are at
increased risk of preterm birth [8,9,11,15]. As pre-
maturity is a major cause of neonatal mortality and
morbidity in developed countries, the offspring of
cancer survivors may be expected to be at elevated
risk for these adverse outcomes. Exposure to che-
motherapy and radiotherapy has been hypothesized
to cause chromosomal abnormalities and genetic dis-
ease. Stillbirths and early deaths within the neonatal
period have been considered measures of genetic dis-
ease in the progeny of cancer survivors.

In our study, neonatal monitoring of the infant was
significantly more likely to occur among offspring of

cancer survivors, even after adjustment for duration of
pregnancy. At least some of the elevation was due to a
higher proportion of offspring of survivors being trans-
ferred to another hospital or ward compared with off-
spring of siblings. According to our data, the proportion
of offspring being admitted to a neonatal intensive
care unit was higher (3.5% vs. 2.5%) among cancer
survivors than among siblings. Maternal history of can-
cer may place these infants under closer observation.
There is, thus, a possibility of a surveillance bias as
healthcare professionals may express concern for the
health of a child of a cancer survivor. It is also possible
that the infants of patients remain in the hospital due
to maternal postnatal care. Clark et al. [11] explored
admittance to a neonatal intensive care unit as one
outcome and did not find the risk to be elevated for
offspring of cancer survivors in Scotland.

We did not find the risk of birth asphyxia to be
elevated among offspring of cancer survivors nor
were they more likely to need cardiopulmonary
resuscitation or ventilation assistance in comparison
with offspring of siblings after adjustment for dura-
tion of pregnancy. The observed elevation in the
crude analysis was due to a higher proportion of
premature infants. These results are in accordance
with a study on hospitalizations of offspring of
cancer survivors, which found the risk of hospital-
ization due to perinatal causes (including asphyxia
and respiratory distress) to be similar among off-
spring of survivors and siblings [17].

We studied early mortality (up to one year of age),
stillbirth, and neonatal morbidity among offspring of
female cancer survivors as compared with offspring
of female siblings of former patients in a population-
based setting using registry data. Our data indicated
no significant difference in the risk of stillbirth or
early death in offspring of cancer survivors compared
with offspring of siblings. However, offspring of can-
cer survivors appeared more likely to require moni-
toring or care in a neonatal intensive care unit, which
is not solely accounted for by prematurity. Due to
the rarity of infant death, further collaborative stud-
ies may be helpful in ruling out the possibility of an
increased risk of stillbirth or neonatal mortality
among offspring of cancer survivors.
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