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Do cancer and cancer treatment influence patients’ subsequent pregnancies and outcomes for the offspring? In this study, we
compared birth outcomes in 3,915 female and male survivors and 144,653 controls from the general population with similar
parity, by merging data from the Cancer Registry and the Medical Birth Registry of Norway. The cancer survivors were diag-
nosed at age 16—45 in the period 1967-2004. Subgroups of nulliparous survivors (childless before cancer) and primiparous
(one pregnancy before and one after cancer) were analyzed, using logistic regression to compare birth outcomes with controls,
focusing perinatal death, congenital anomalies, preterm birth (<37 gestational weeks) and low birth weight (LBW, <2,500 g).
We adjusted for maternal age, birth period and educational level. Nulliparous female survivors’ offspring had increased risk of
preterm birth (OR =1.30 [95% Cl 1.05-1.61]) but similar risks of LBW and perinatal death as their controls. Primiparous
female survivors differed from their controls, with higher frequency of preterm birth (OR = 1.89 [95% Cl 1.40-2.56]) and LBW
at term (OR =2.02 [95% CI 1.15-3.55]). A borderline significant increase of perinatal death was seen among offspring of pri-
miparous female survivors, with OR =1.92 (95% Cl 0.98-3.76). Offspring of male survivors did not differ from their controls.
For all cancer types combined, no increased risk of congenital anomalies was seen among either female or male survivors’ off-
spring. Pregnant female cancer survivors should be offered close follow-up, as there is an increased risk of adverse birth out-

?
—
=]
oret
=
()
=
(="
=

comes, in particular among those with higher parities.

An increasing number of adult cancer survivors are having
children after cancer, and the survivors are concerned about
their offspring’s health."? Theoretically, cancer treatment
might cause adverse birth outcomes like congenital
anomalies.

Several papers have been published about birth outcomes
among childhood cancer survivors.>™ Preterm birth (before
37 gestational weeks) and low birth weight (LBW; below
2,500 g) are common findings among the offspring of female
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childhood cancer survivors who received abdominal, pelvic
or total body irradiation.>® Regarding adult cancer survivors,
the literature is more scarce and with inconsistent results.
Increased risks of preterm birth, LBW, perinatal death and
congenital anomalies are reported in several studies concern-
ing offspring of female survivors,””'> while other authors did
not find any differences compared to controls.”®'*"'*> The
outcomes for offspring of male cancer survivors are reassur-
ing,*>” except for two recent publications reporting increased
risk of congenital anomalies.'*'®

In this population-based study, we compared birth out-
comes among cancer survivors and a control group from the
general population, all in the age group 16-45 years. Our
main objective was to follow up on results recently reported
by Magelssen et al.'® based on a material from the Norwe-
gian Radium Hospital, concluding that preterm birth, LBW
and perinatal deaths were more frequent among offspring of
female survivors than controls from the general population.
As the risks of outcomes like perinatal death and preterm
birth are closely linked to birth order,'” we wanted to see if
parity had an additional effect for cancer survivors, and ana-
lyzed nulli- and primiparous separately. Further, we wanted
to assess whether the risk of congenital anomalies in male
cancer survivors’ offspring is higher than that of the general
population, also reported by Magelssen et al. and in a recent
population-based study from Denmark and Sweden.'®'®
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As more adults survive cancer and subsequently have children, more people are asking how the disease and its treatment
impact those children. This study compared birth outcomes among male and female cancer survivors with those of a control
group. They looked at preterm birth, low birth weight and other factors, and also segregated the data depending on whether
the woman had a child before developing cancer, or whether the post-diagnosis child was her first. They found an increased
risk of preterm birth for all female survivors, and increased risk of low birth weight, caesarian section, and pre-eclampsia in
only the women who had a prior child. No significant differences were found among the offspring of male survivors.

Material and Methods

Data sources

Based on compulsory notification, the Cancer Registry of
Norway (CRN) contains information on all cancer cases
occurring in Norway from 1953 onwards.'® Cancer type, date
of diagnosis, extent or stage of disease at diagnosis and initial
treatment in broad terms are recorded. In general, extent of
disease of solid tumors is classified as localized, regional
spread, distant spread, or of unknown extent. Brain tumors
and nonsolid tumors are not classified by stage or extent.'>*’

The Medical Birth Registry of Norway (MBRN) was estab-
lished in 1967 and contains information on pregnancies last-
ing at least 16 weeks, with compulsory notification by the
midwives or physicians attending the birth. The MBRN pro-
vides information on demographic data of the parents, their
previous reproductive history, maternal health before and
during pregnancy, delivery complications, birth outcomes,
including anthropometric measurements and any diagnoses
of the infant made during the stay at the obstetric clinic. Ges-
tational age is based on last menstrual date, and since 1999,
also on ultrasound estimation. As 1988, information on the
use of in vitro fertilization (IVF), including intracytoplasmic
sperm injection (ICSI), is reported.”"** In the following, we
will use the words “birth” or “pregnancy” interchangeably for
births and pregnancies where outcomes are registered in the
MBRN.

Statistics Norway provides statistics on the Norwegian
population. For this study, vital status as of December 31,
2006 and date of death or emigration were recorded, as well
as parental educational level at the time of inclusion.*?

Construction and selection of study population

With approval from the National Data Inspectorate and the
Regional Committee for Medical Research Ethics, data from
the three above sources were linked by means of the personal
identification number given to all Norwegian inhabitants.

A total of 53,835 individuals were registered in the CRN
with an invasive cancer diagnosed at the age of 16-45 years
during 1967-2004. All malignant neoplasms and all intracere-
bral tumors according to the International Classification of
Disease version 7 (ICD-7 140-207) were included, except
basal cell carcinomas.

All cancer survivors with at least one singleton pregnancy
registered after cancer in the period 1967-2006 were
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identified for this study (n = 5,004). The original data selec-
tion included all survivors, and a control group from the
general population made up of five age- and sex-matched
controls per survivor.” In this study, the matching of the
original data selection was broken, and only controls with at
least one singleton pregnancy registered in the period 1967-
2006, were used (n = 144,653, Fig. 1).

To disentangle cancer effects on birth outcomes from par-
ity effects, we studied birth outcomes after cancer by identify-
ing survivors with either no previous (nulliparous) or one
previous (primiparous) pregnancy at the time of cancer diag-
nosis. Thus nulliparous survivors (n =2,574) had their first
birth after cancer, and primiparous survivors (n = 1,341) had
one birth before and (at least) one birth after cancer. Further,
we analyzed birth outcomes for the most frequent cancer
types among adolescents and young adults. Each birth was
linked to the respective parent by means of the personal
identification number, providing sibling files where the
mother or father was the unit of analysis. For comparison,
we used all nulliparous and primiparous controls, with at
least one or two births, respectively.

We defined births after cancer as all births where the last
menstrual period coincided with or was after the date of
diagnosis. When menstrual dates were missing [N = 7,363
(4.9%)], the pregnancy duration based on ultrasound estima-
tions was used to categorize the pregnancy as initiated before
or after the cancer diagnosis. Pregnancies shorter than 22
weeks of gestation, or with infants less than 500 g, were
defined as spontaneous abortions and excluded.

The following outcomes were studied with dichotomized
variables for all cancer types seen together and for each of
the most frequent cancer types: perinatal death (stillbirth
from 22 weeks or death <7 days of life), preterm and very
preterm birth (<37 and <32 completed gestational weeks,
respectively), low birth weight (LBW; <2,500 g), low Apgar
score at 5 min (below 7) and major congenital anomalies
according to EUROCAT.** Subanalyses including cancer sur-
vivors giving birth within 2 years were also performed for
the above listed outcomes. We also evaluated the use of IVF/
ICSI, registered pre-eclampsia, and delivery by caesarian sec-
tion. Mean birth weight was assessed for offspring of all can-
cer types seen together, as well as in a subgroup without
malignant melanoma survivors, to simulate the selection used
in the hospital-based study by Magelssen et al.'®
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Female survivors N =32,951
Female controls N = 164,560

Male survivors N = 20,884
Male controls N = 104,375

Birth outcomes after cancer

No pregnancy after cancer or
no pregnancy at all

Female survivors N = 29,487

v

v

Female controls N = 50,991

Male survivors N = 16,475
Male controls N = 34,708

Age 46, emigration or death before or
coincidently with diagnosis, first pregnancy
before 1967, or after end of follow-up

Female survivors N = 454
Female controls N = 21,609

Male survivors N = 908
Male controls N = 14,899

No invasive tumor or missing
histology

v

Female survivors N = 2,343
Female controls N = 91,960

Male survivors N = 2,742
Male controls N = 54,768

v

A J

Study population:

Female survivors N = 2,309
Female controls N = 90,632

Male survivors N = 2,695
Male controls N = 54,021

v

Female survivors N = 667
Male survivors N = 759

Multiple births, birthweight <500 grams,
and gestational duration <22 weeks

Female survivors N = 34
Female controls N = 1,328

Male survivors N = 47
Male controls N = 749

Subset 1, primiparous:

One pregnancy before
cancer, at least one after*
Female survivors N = 632
Female controls N = 73,329

cancer'

Male survivors N = 709
Male controls N = 43,991

Female survivors N = 1,196
Female controls N = 90,632

Subset 2, nulliparous:
First pregnancy after

" For the controls,

first and second pregnancy
t

For the controls,

first pregnancy

Male survivors N = 1,378
Male controls N = 54,021

Figure 1. Heading: Cohort selection. Footnote: Flow chart showing the exclusion of survivors and controls not eligible for this study. Initially,
all cancer patients diagnosed at age 16—45-years-old, from 1967 to 2004, were identified, with five controls matched by age and sex.

Statistical analyses

Standard descriptive methods with counts and proportions
for categorical data, and mean and standard deviations for
continuous data were applied, using SPSS. Odds ratio (OR)
with 95% confidence intervals (CI) as obtained from standard
contingency tables or logistic regression, were used to com-
pare birth outcomes between cases and controls. When ana-
lyzing preterm birth, misclassifications of gestational age were
removed on the basis of current birth weight by gestational

age standards, excluding z-scores larger than 4*°. Adjust-
ments were made for birth period (1967-1975, thereafter 5-
years intervals), maternal age (<20 years, 20-24, 25-29, 30-
34 and 35+ years) and educational level, which was catego-
rized based on total duration, low (<9 years), medium (10-
14 years), high (>15 years), or unknown. To assess adjusted
mean birth weight, we used univariate ANOVA. P-values
<0.05 were considered statistically significant, and all tests
were two-sided.

Int. J. Cancer: 133, 2696-2705 (2013) © 2013 UICC
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Table 1. Background characteristics for the survivor and control cohorts (Continued)

Female controls Male survivors Male controls

Female survivors

Nulliparous Primiparous

Primiparous
66 (9)
31 (4)
12 (2)

Nulliparous
162 (12)
67 (5)

37 (3)

Nulliparous Primiparous

Primiparous
39 (6)

17 (3)

4 (1)

Nulliparous
120 (10)
42 (4)

22 (2)

Hodgkin lymphoma

Non-Hodgkin lymphoma

Leukemia
Others

105 (15)

182 (13)

76 (12)

154 (13)

The survivors have at least one pregnancy after cancer, nulliparous reflects those who have their first pregnancy ever after cancer, and primiparous reflects those who have one pregnancy before

and at least one after cancer. Only singleton pregnancies are included. Age at birth reflects the parental age for each gender (maternal age at the respective pregnancy for females and analogous for
males). Only maternal age for the current birth are adjusted for in the multivariate analyses in the following. Parity reflects the total number of children, born both before and after the cancer diagno-

sis for the survivors.

Birth outcomes after cancer

Results

The study population included 3,915 female and male sur-
vivors who had at least one singleton birth after cancer and
for comparison, 144,653 controls (Fig. 1). Malignant mela-
noma and thyroid cancer were the most frequent cancer
types among female survivors, whereas testicular cancer
and malignant melanoma were the two most frequent
malignancies among males. Parental age at birth was higher
among survivors of both genders than controls (Table 1).

First pregnancy after cancer (Nulliparous, n =2,574)

Female survivors had increased risk of preterm delivery
compared to controls (adjusted OR=1.30 [95% CI 1.05-
1.61]), and a borderline increased risk of LBW, adjusted
OR=1.26 ([95% CI 0.99-1.60], Table 2). The increased
risk of LBW disappeared when restricting the analyses to
term infants. There was a weak, but nonsignificant effect on
very preterm birth among female survivors (adjusted OR
=1.32 [0.79-2.20]), and no significant effects on Apgar
score, use of IVF/ICSI, caesarian section, or occurrence of
pre-eclampsia. Crude and adjusted mean birth weights were
similar for infants of survivors and controls (Table 2).

We could not demonstrate any increased risk of adverse
outcomes among the offspring of male survivors relative to
their controls. The only difference between male survivors
and controls, was the increased use of IVF/ICSI among sur-
vivors (adjusted OR = 1.83 [95% CI 1.35-2.49], Table 2).

There were no differences between survivors and con-
trols regarding offspring perinatal death or congenital
anomalies, even when restricting to analyses of survivors
giving birth within 2 years (data not shown), or for the
subgroup where malignant melanoma was excluded (data
not shown). However, in subanalyses of selected cancer
types, we found an increased risk of congenital anomalies
among the offspring of ovarian cancer survivors, (4/44
pregnancies, adjusted OR = 3.23 [95% CI 1.15-9.09], Sup-
porting Information Table).

One pregnancy before cancer, at least one after
(Primiparous, n = 1,385)

For the birth before cancer diagnosis, we could not demon-
strate any significant differences in birth outcomes between
cancer survivors and controls. This applied to both genders
(Table 3). However, the use of IVF/ICSI was significantly
increased among female survivors relative to controls, and
with a nonsignificantly increased estimate for male
survivors.

When looking at the birth after cancer, female survivors
had higher risk of preterm birth (OR = 1.89; 1.40-2.56),
and a three times higher risk of very preterm birth than
controls. The risk of LBW was doubled among female sur-
vivors’ offspring, also when preterm babies were excluded.
Pre-eclampsia and delivery by caesarian section were also
more frequent. Female survivors experienced a close to

Int. J. Cancer: 133, 2696-2705 (2013) © 2013 UICC
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2,134/54,021 1.50 (1.19-1.89) 1.22 (0.96-1.54)

80/1,378

1.40 (1.08-1.80) 1.03 (0.80-1.33)

65/1,196 3,585/90,632

Pre-eclampsia

Nulliparous meaning no previous births at the time of cancer diagnosis. Only singleton pregnancies with gestational age >22 weeks or birth weight >500g were included. Adjustments: maternal age,

period of birth, maternal or paternal education, respectively. For definitions of the outcomes, see Methods; Construction and selection of study population.
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doubled risk of perinatal deaths, of borderline significance,
while the risk of congenital anomalies did not significantly
differ between the offspring of survivors and controls (Table
3). When restricting analyses to female survivors who gave
birth within 2 years after diagnosis, the effect on perinatal
death was further elevated (4/169 pregnancies, adjusted
OR = 3.12; 1.15-8.49), with no difference for any other out-
come. For the male survivors, the only effect after cancer
was seen for the use of IVF/ICSI, which was significantly
increased (Table 3). For male survivors’ offspring, the
results were basically similar to those of the controls also
when restricting analyses to births within 2 years after
diagnosis.

Mean birth weights (with 95% CI) are shown in Figure
2 for first and second births. We could not demonstrate
any significant differences between survivors and controls
in the total material (A). However, we observed a signifi-
cant lower increase in mean birth weight from first to sec-
ond birth among female cancer survivors when excluding
malignant melanoma (B), with a mean increase of 37 grams
among cancer survivors compared to 146 grams among the
controls. The resulting mean birth weight for second infants
was therefore significantly lower for infants of cancer
survivors.

For selected subtypes of cancer, increased risk of con-
genital anomalies was seen among the offspring of breast
cancer survivors (4/43 pregnancies, OR=3.49 (95% CI
1.24-9.82), Fig. 3, Supporting Information Table). Further,
females surviving cervical and ovarian cancer were those
with the highest risk of preterm delivery and offspring with
LBW in general, while breast and cervical cancer was asso-
ciated with increased risk of LBW at term (Fig. 3).

Discussion
In this population-based study with 3,915 female and male
cancer survivors having children after cancer, we found
increased risk of preterm birth in all female survivors, with
OR = 1.30; 1.05-1.61) for nulliparous and OR=1.89; 1.40-
2.56) for primiparous and survivors. Increased risks of
LBW babies, pre-eclampsia and delivery by caesarean sec-
tion were only seen in pregnancies after cancer treatment
for the primiparous female survivors. The risks of perinatal
death and low Apgar score after 5 min did not significantly
differ among infants of mothers with a history of cancer
than those without. Among the male survivors, no differen-
ces from controls were seen for any outcomes except that
survivors more frequently used IVF/ICSI. For all cancer
types combined, and separately for male and female survi-
vors, no higher risk of congenital anomalies among off-
spring born by survivors than controls was demonstrated.
Among the limitations of this study are the lack of indi-
vidual, detailed treatment data and information about phys-
ical condition among the offspring after the first days of
life. Also, even though the whole population of cancer sur-
vivors during a period of almost 40 years was included,

?
—
=]
ot
=
()
=
(="
=




Birth outcomes after cancer

2702

‘uonjeindod Apnjs JO UO1128]9S pPUB UOI}INIISUOD) {SPOYISIN 935 ‘SIWO0IIN0 JO Suol}
-luyap 104 ‘Ajaaippadsal ‘uoljeonpa jeusaied 1o jeusdjew ‘yuiq jo pouad ‘@Se jeuldlew :Ssjuawisnipy ‘papn)oul alam 8005< YSIam yuiq 10 syaam zgz< ase |euoneisas yyum sapueusald uoisisuls Ajlug

(I18'1-12°0) ¥T'T  (91°7-98°0) Z£'T 166°€%7/0/8 60//61  (61°T-CS°0) 62°0 (ZET-85°0) 280 TTSY7/589°T €TL/ve eisdwe)da-ald
(€T 1-%20) 560 (99°1-C0°T) 0E'T T66°C7/€19°C 60Z/%7Z  (ST'1-92°0) 260  (95°1-56°0) CT'T LTS Y7/8G2°E €eLlelL uo1323s ueasesae)
(S€9-€5°0) 107 (WT'6-¥L€) 78S 7T8'81/sS1 L6Y/€T  (L6°€-16'0) 06'T  (98°€-76°0) 88T ocset/est £8¢€/8 ISDI/4Al
(9€'2-9%7°0) ¥O'T  (I7'T-4%°0) LO'T 019°1€/28¢ 0€9/9  (84'1-5€0) 620  (68'T-L£0) #8°0 99%°9z/0€€ 1/5/9 (uw g) z> sesSdy
(99'1-%9°0) €0'T  (€8°'T-12°0) ¥T'T 166°€7/186 602/8T  (65°1-59°0) TO'T  (92'1-TL0) €T'T TT1S77/860°T €zL/ot saljewoue |e}uasuo)
(T0°€-68'0) ¥9'T  (09°'C-8£°0) ¢¥'L €sz'Ty/esy 189/11 (¢1°T-08°0) 0€'T  (00°C-92°0) €T'T |87ararkars G69//1 Ssjuejul wld) ‘Mg1
(00T-98°0) T€'T  (181-82°0) 61T 166°c%7/60T°T 60//€T  (6T°1-65°0) 280 (7T'1-95°0) ¥8°0 1157%7/106°T €2//9T  (MgT) S19M YUiq Mo
(05°2-5C°0) 620 (TT'T-€C°0) T2°0 91C‘1Y/8%C S0//€  (L0°T-1T°0) 990  (£6°1-0T°0) €970 /81°Ty/81€ 1€9/€ Aiannep wiusyaid Aiap
(7€1-09°0) 06°0  (TE€1-65°0) 68°0 91T Iy /7%9'1 S0//sT  (7T'1-85°0) ¥8'0  (ST'1-85°0) 480 /81°Ty/€81°C 1€9/8¢ AaAap wislald
(78'2-6€°0) SO'T  (€0°T-8C°0) 920 T66°C/8T¢ 60Z/%7  (2S'1-91°0) 67°0 (CT'T-€1°0) 6€°0 L1S77/0LY ceLle Ayjenow jejeunsad

Suudsyo,sajew

(1D %56) (1D %S6) leloL/u lejoL/u (1D %S6) (12 %56) 1eloL/u 1e3o0L/u
Jd0 _uwam:__u< J40 =pni) S]0Jlu0d ey SIOAIAINS 9l d0 _uwum:__ue. Jd0 9pnI) $]011U0d {3)e| SIOAIAINS 3l

(6£2—%0'1) 85'T (€T e-Tv'1) wl'C 6E€L/6TET z€9/vT (¥9'1-18°0) ST'T  (€6'1-56°0) 9€'T 6LT'7L[891°C 799/€€ eisdwe)da-aid
(ST'Z-€7'T) LT (6%7°€-5€0) 98°C 6T€°€L/192S €9/l (1S°T-%6'0) 0T'T  (TT'T-6€'T) SL'T 64T°72/169°S 799/%8 uo1}23s ueasesae)
(80°c—%€'0) $8°0  (CTe-%50) TET £28'7/€0T 99%7/5  (95°5-9%7'T) $8°C  (CI'S-1I¥'T) 89°C 91%7'91/8L1T 0S€/0T ISDI/4Al
(88'T-T€°0) L£°0 (81°T-LE0) 060 £59°8y/1LY %25/ (€0'C-05°0) 00T  (70°C—05°0) TO'T ST9‘8E/7LS €59/8 (uw g) z> sesdy
(z8'1-2£0) ¥T'T  (0T°CT-880) 6€'T 60E€/]165°T 7€9/61  (0£°1-69°0) 60'T  (16°1-82°0) TT'T 6L2'72/058°T 799/0T  saljewoue |ejuasuo)
(65°€-ST'D) to'T  (LLe—vTT) 9TC 971°99/969 8/G/€T  (€81-09°0) SO°T  (69°T-95°0) £6°0 T6T0L/€0S5°T Sz9/et Sjuejul uLd) ‘Mg
81°€-89'1) 1€ (6T°€-92'1) 1¥'C IYT'eL/191°C 1€9/€%  (£9°1-££0) 0T'T  (1S°1-%£°0) 90°'T 6/T'7//86€'E 799/Te  (M&1) JySiem yuiq moT
(€7°9-29'1) 10°€  (80°S-09°T) 48°C %/8°89/CLY €e9/tct (99°1-01°0) T7°0  (7S°T-01°0) 8€'0 Tey0L/8c9 184/C Aanap wisyaid Ao
(95°z-0%7'1) 68'T  (19°CT-Y¥7'1) 76'T 7/889/%%8°C €c9/8y  (€9°1-22°0) 80°'T  (85°1-08°0) CT'T cer'oL/€08'e 185/5€ Aianap wislaid
(92'€-86'0) t6'T  (S8C-9£°0) L¥'T 6CE'€L[STL T€9/6  (8€7-85°0) 8T'T  (I£'1-C¥°0) 80 6LT'72[€50°T 799/8 Ayeyiow |ejeuad

Sundsyjo,sajewa

(1D %56) ¥0 (1D %56) 1ejoL/u 1ejoL/u (1D %56) (1D %S6) leloL/u 1ejoL/u sawodnQ

paisnipy ¥0 apni) S]04jU0d d)eWw?a{  SIOAIAINS d)ew 40 paisnipy ¥0O apn1) S]01JU0d d)ewWwa4  SIOAIAINS d)ew4
192ued Jaye ‘Aueusaid puodas 192ued al0jaq ‘Aoueusaid 3si114
saned

JeJIWIS Y}IMm S)013u0d 0} pasedwod “4adued Jaye AdueuSaid puodas 419y} peYy oym SIOAIANS J9IUed 0} SajdueuSaid puodas pue Jsiy J10j SIWO0IINO0 YUIG Uo 3343 :snoledjwild “€ ajqe]

ASororuraprdg

Int. J. Cancer: 133, 2696-2705 (2013) © 2013 UICC



Stensheim et al.

a 3650 3650
Females Males

3600 | 3600 |
= =
-5’ 3550 -5, 3550 -
Q [
Z 3500 £ 3500 |
£ £
=} F=}
5 3450 § 3450 1
= = == Survivors

3400 | 3400 | = Controls

3350 L - 3350 L — —

before after before after
b 3es0 3650
Females Males
__ 3600 3600
= L
'-5’ 3550 4 -E) 3550
[

2 3500 - £ 3500
= £
o =1
S 3450 | S 3450 4
= =

3400 - 3400

3350 T T 3350 T +

before after before after

Figure 2. Heading: Mean birth weight of first and second births for
primiparous. Footnote: Mean birth weight (crude, with 95% Cl) for
the offspring of primiparous cancer survivors and controls.
“Before” and “after” refers to the first and second pregnancy, for
cancer survivors the pregnancies before and after diagnosis. A:
Total material; B: Malignant melanoma survivors omitted.

postcancer pregnancy was a relatively rare event when split-
ting into different cancer types. Thus, the numbers regarding
adverse outcomes were small in these analyses, and some
findings might be due to chance.

Offspring of female survivors had higher risks of preterm
birth after cancer. Preterm birth was most frequently seen
after ovarian and cervical cancer, and brain tumors. For brain
tumors, hormonal alterations and maternal morbidity,
including medication, could be factors explaining the higher
risk of preterm delivery. Similar results are reported in a
study covering both childhood and adulthood cancer.” Treat-
ment of gynecological cancer might result in side-effects like
fibrotic changes and adverse effects on the vascular bed of
the uterus caused by surgery or irradiation.'* Cervical cancer
survivors have a shorter cervix after trachelectomy or coniza-
tion, which increases the risk of preterm birth and also the
risk of infections, another risk factor for very preterm birth.'?

LBW is an imperfect measure of growth restriction, as it
may be the result of both preterm delivery and impaired
growth. We therefore performed subanalyses restricted to
those born at term to avoid LBW caused by shorter gesta-
tions. Also, we analyzed small for gestational age (SGA), but
did not find any differences among the groups, most likely
because the LBW/preterm infants in general were not
severely enough growth restricted to meet the SGA criteria.
When excluding preterm infants, only primiparous cancer
survivors’ offspring had significantly increased risk of LBW.
Stratified on cancer types, the risk of LBW was seen for
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breast and cervical cancer survivors’ offspring. Regarding
breast cancer, this finding is in line with some studies, but
not all.'™" Delivery by caesarian section was frequently used
among primiparous survivors of all cancer types, and might
be a factor influencing the prevalence of LBW and preterm
delivery. Caesarean section deliveries might be indicated for
gynecological cancer survivors, but in general probably cho-
sen because of existing or expected maternal morbidity.

It is reassuring that no significantly increased risk of the
most severe birth outcomes, perinatal death and congenital
anomalies, were seen when all cancer types were combined.
There was, however, an almost doubled risk of perinatal
deaths among primiparous females, though of borderline sig-
nificance. This risk was significantly increased when female
survivors delivered within 2 years after diagnosis.

The increased risk of congenital anomalies among primi-
parous breast and nulliparous ovarian cancer survivors’ off-
spring might be chance findings since the numbers were
small, and seen in different parity groups. Regarding breast
cancer, similar results were observed in a Swedish
population-based material, with increased risk for the period
1973-2002, but highest for the last part, 1988-2002, OR = 2.1
(95% CI 1.2-3.7)."" Possible explanations might be the cyto-
toxic effects mediated by more intensive chemotherapy,
which has increased during recent decades. Other similar
publications did not report any adverse birth outcomes
among the offspring of breast cancer survivors.'>**~*®

Regarding risk of congenital anomalies, both the Norwe-
gian hospital-based study by Magelssen et al'® and the
cohort study based on Swedish and Danish registers by Stahl
et al.,'® reported a higher risk for the offspring of male survi-
vors compared with the general population. All anomalies,
also minor, were included in the Norwegian study, while our
study only assessed major congenital anomalies. Further,
there might be a selection of patients referred to a tertiary
referral cancer centre as the Norwegian Radium Hospital,
which could include proportionally more patients with severe
disease, in need of more intensive treatment and hence stron-
ger adverse effect on the gonadal function. Finally, in the
Norwegian study, the elevated anomaly risk was only seen
for the males childless at diagnosis, not for those already hav-
ing one child before diagnosis.'” Stahl et al. found elevated
risk of anomalies among male survivors’ offspring assessed
among all pregnancies after cancer, regardless of parity, but
higher among childhood cancer survivors than those diag-
nosed in adulthood. The cancer types associated with
increased risk of anomalies were those affecting skin, eye and
the central nervous system, a pattern difficult to explain.'®

The finding that IVF/ICSI was more common among
male cancer survivors was not surprising, and the low esti-
mates for female survivors were also expected, as females
have fewer possibilities of fertility-preserving attempts before
treatment than males. IVF/ICSI was more frequently used
before diagnosis for female survivors, which could reflect a
common etiology for reduced fertility and risk of cancer.
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Figure 3. Heading: Effects in the second pregnancy for primiparous females. Footnote: Effects in the second pregnancy for selected cancer
types in comparison with the controls, displayed as OR with 95% Cl (logarithmic scale). Number of events (n) and total number of births

(N) in each subgroup at right y-axis. Reference line = 1.

Pre-eclampsia was more frequent among primiparous female
survivors than controls, but not among nulliparous. This
might be due to increased risk associated with potentially
higher biologic age because of cancer treatment and longer
interbirth intervals.”* Mean interbirth intervals for survivors
were 5.9 years and for controls 3.7 years, P < 0.001).

To select a cohort almost similar to the Norwegian
hospital-based study, we excluded malignant melanoma sur-
vivors.'” Malignant melanoma is the most frequent cancer
type in our population-based cohort of survivors, and the
vast majority had low stage disease, only requiring local sur-
gery. Such patients are usually not referred to cancer centers.
We were not able to reproduce the elevated risks of congeni-
tal anomalies among survivors of this subcohort, but the
reduced birth weight in postcancer offspring of female survi-
vors was more evident and similar to that reported in the
former study.'’

Our findings for female cancer survivors suggest that the
relation between cancer treatment and pregnancy outcomes
may be modified by parity, at least for some outcomes. In
the general population, the absolute risks of adverse birth
outcomes like pre-eclampsia, growth retardation and preterm
birth decrease from first to second pregnancy. This risk
reduction is not clearly seen for the cancer survivors, since
the primiparous seem to have a higher relative risk pattern
than the nulliparous. Could cancer treatment accelerate the
biological age in such a way that the usual risk reduction
associated with primiparity is concealed by an opposite risk

increase due to higher biological age? If so, adjustment for
chronological age would represent residual confounding. Fur-
ther, there might be a “healthy mother effect” where primi-
parous women more easily may choose to start a pregnancy
due to previous experience compared to nulliparous women,
who may want to condition on feeling healthy before starting
a pregnancy.

This large controlled population-based study covers all
adult cancer survivors for the period 1967 to 2004, with their
registered offspring. We have presented birth outcomes for
all cancer types combined, in subgroups based on parity and
for several of the most frequent cancer types among adoles-
cents and young adults. The registries have nearly complete
information on all key variables and there is negligible loss to
follow-up. A methodological strength is the sibship design,
which enables us to compare birth outcomes after cancer
with those before cancer within the same women, providing
an indirect control of confounding. As the birth outcomes
before cancer did not differ significantly from those of the
controls, it is unlikely that unmeasured confounding factors
explain the postcancer results.

In conclusion, postcancer pregnancies were associated
with a significantly higher risk of preterm birth for female
survivors, more so in offspring of primiparous than nullipar-
ous women. Primiparous female survivors also had LBW
babies, pre-eclampsia and cesarean sections more frequently
than controls, as opposed to nulliparous survivors. The out-
comes in offspring of male survivors did not differ from
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those of the general population, but male survivors more fre-
quently used IVF/ICSI to conceive than their controls. We
did not find a significantly increased risk of congenital

anomalies or perinatal death among infants parented by can-

cer survivors, at least not when births occurred more than 2
years after diagnosis. For counseling of the growing popula-
tion of survivors of adolescent and adult cancer, these results
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