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Introduction

Although rare, neuroblastoma is the most common extracra
nial solid tumor in childhood. It is diagnosed mainly in 
infants and children under five years of age [1], with approxi
mately two thirds of primary tumors in the abdomen and 
one third in the pelvis, neck, or chest [2]. Modern treatment 
of neuroblastoma has increased survival, with wide variation 
by both age and stage of disease at diagnosis [3]. Due to 
the intense cancer treatment, many survivors are at 
increased risk for complications later in life [4], including 
gonadal dysfunction and fertility problems [5,6]. Previous 
studies have shown a lower probability of becoming preg
nant and having a liveborn child in female survivors of child
hood cancer [7,8]. However, only a limited number of the 
studies reported estimates in survivors of neuroblastoma 
separately. The few studies observed an overall decreased 
relative risk (RR) of a livebirth compared with women in the 
background population (0.81, 95% confidence interval (CI) 
0.74−0.92) [7] and sisters (0.62, 95% CI 0.42−0.92), which in 
both studies was similar to the RR in survivors of leukemia, 
but higher than the RR of survivors of CNS tumors [9]. 
Another study reported a decreased hazard ratio (HR) of a 
livebirth in neuroblastoma survivors not exposed to pelvic or 
cranial radiation, but only among survivors treated with alky
lating agents [10]. Finally, two studies assessing miscarriages 
did not find any significantly higher risk in the neuroblast
oma survivors than in the comparison groups [9,11]. As lim
ited studies are available on outcomes of pregnancy, 
including live births, stillbirths, and abortions, in female survi
vors of neuroblastoma, the aim of this study was to investi
gate pregnancy outcomes of 230 female survivors of 
neuroblastoma in childhood in a Nordic register-based 
cohort study.

Material and methods

Female survivors of neuroblastoma and population 
comparisons

The neuroblastoma survivor cohort used in this study is a 
sub-cohort of the Adult Life after Childhood Cancer in 
Scandinavia (ALiCCS) study of late complications after diag
nosis and treatment of childhood cancer in the five Nordic 
countries (Denmark, Finland, Iceland, Norway, and Sweden). 
The ALiCCS study has been described previously [12]. In 
brief, the study includes 43,909 children with cancer diag
nosed between 1943 and 2008 when they were < 20 years 
of age and a comparison cohort randomly sampled from the 
five national population registries and matched to the chil
dren with cancer on country, sex, and in a 1:5 ratio. For the 
current study, we only included female five-year survivors of 
neuroblastoma diagnosed in the period 1951–2003 who 
were alive and living in their respective Nordic country 
between the age of 20 and <50 years as well as their 
matched population comparisons. The exclusion criteria for 
the final neuroblastoma survivor (n¼ 230) and comparison 
cohort (n¼ 1090) are seen in Figure 1. Information on classi
fication of disease was available for 79 (34%) survivors who 
were classified into low-, intermediate-, and high-risk groups, 
correlating to treatment intensity as described by Norsker 
et al. [4,13].

Information on live births, stillbirths, and abortions

All cohort members were linked to the medical birth regis
tries of the Nordic countries to ascertain information on live 
births and stillbirths (Denmark: 1973–2010; Finland: 1987– 
2012; Norway: 1967–2010; Sweden: 1972–2008). The nation
wide birth registries hold information on pregnancies and 
births from hospital registries [14]. Information on ectopic 
and spontaneous abortions was available from Denmark 
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(1973–2010) [15,16], Finland (1983–2012) [17], and Sweden 
(1985–2008) [18]. Using the same registries, we also included 
information on legally induced abortions for study partici
pants in Denmark and Finland, while information on hydati
diform moles was available only for the Danish cohort.

Statistical analysis

The survivors were followed for a first live birth, abortion, or 
stillbirth from the age of 20 years or the start of the national 
birth and abortion registries, whichever came latest. Follow- 

Figure 1. Flow chart of female survivors of neuroblastoma and population comparisons.
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up ended on the date the survivor or their population com
parison turned 50 years or emigrated, or at the end of the 
study (Sweden: 2008, Finland: 2012, Denmark and Norway: 
2010), whichever came first. In all the analyses, age was the 
underlying time scale. The cumulative incidence of a first live 
birth or abortion was calculated with the nonparametric 
Aalen-Johansen estimator. As the mortality rate among survi
vors of neuroblastoma is higher than in the general popula
tion, death was considered a competing risk. We used a Cox 
proportional hazard model to compare the likelihood of a 
live birth or an abortion in the neuroblastoma survivors and 
in the comparisons. The analyses were adjusted for country. 
R version 4.1.0 with packages ‘etmCIF’, ‘survival’, and 
‘survminer’ were used for the statistical analyses.

Results

Descriptive characteristics of the female neuroblastoma survi
vors and population comparisons are shown in Table 1. Most 
of the 230 neuroblastoma survivors received their diagnosis at 
a young age, with 45% (n¼ 103) at <1 year. Of the 79 survi
vors (34%) for whom treatment information was available, 4 
(5%), 50 (63%), and 25 (32%) were in the high-, intermediate-, 
and low-risk groups, respectively. All four survivors in the 
high-risk group were diagnosed after 1990 (data not shown). 
As too few survivors had had a stillbirth, ectopic abortion, or 
hydatidiform mole, we are unable to report results on these 
outcomes due to reporting restrictions.

The cumulative incidence of a first live birth or abortion, 
with death as a competing event, is shown in Figure 2. The 
cumulative incidence of a first live birth was similar for 

Table 1. Descriptive characteristics of the neuroblastoma and comparisons cohort.

Characteristic Neuroblastoma survivors (N¼ 230) Population comparisons (N¼ 1090)

Country (%)
Denmark 54 (23) 242 (22)
Finland 46 (20) 226 (21)
Sweden 93 (40) 452 (41)
Norway 37 (16) 170 (16)

Vital status at end of follow-up (%)
Alive 208 (90) 1058 (97)
Emigrated 10 (4) 26 (2)
Dead 12 (5) 6 (1)

Age at end of follow-up, years (%)
20–29 106 (46) 493 (45)
30–39 75 (33) 339 (31)
�40 49 (21) 258 (24)

Age at cancer diagnosis, months (%)
23 (10) NA

2–11 80 (35) NA
12–17 15 (7) NA
18–23 17 (7) NA
24–59 45 (20) NA
�60 50 (22) NA

Calendar period at cancer diagnosis (%)
1951–1959 10 (4) NA
1960–1969 35 (15) NA
1970–1979 55 (24) NA
1980–1989 87 (38) NA
1990–2004 43 (19) NA

Risk groupa (%) n¼ 79
Highb 4 (5) NA
Intermedidatec 50 (63) NA
Lowd 25 (32) NA

Livebirths (%)
0 134 (58) 557 (51)
1 35 (15) 174 (16)
2 45 (20) 239 (22)
�3 16 (7) 120 (11)

Abortions (%)e n¼ 193 n¼ 920
0 159 (82) 802 (87)
1 23 (12) 74 (8)
�2 11 (6) 44 (5)

Type of abortion
Spontaneous abortions (%)e n¼ 193 n¼ 920
0 177 (92) 879 (96)
�1 16 (8) 41 (4)

Induced abortions (%)f n¼ 100 n¼ 468
0 89 (89) 410 (88)
�1 11 (11) 58 (12)

aInformation on cancer treatment was available for 79 survivors.
bHigh-risk group: High-dose chemotherapy with ASCT ± irradiation ± surgery.
cIntermediate-risk group: Chemotherapy ± irradiation ± surgery, but not ASCT.
dLow-risk group: Treated with surgery only.
eInformation was available for survivors and population comparisons from Denmark, Sweden, and Finland.
fInformation on induced abortions was available for survivors and population comparisons from Denmark and Finland.
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neuroblastoma survivors (48%, 95% CI 41–57) and population 
comparisons up to the age of 30 years (51%, 95% CI 47–54) 
but was lower in survivors (61%, 95% CI 53–70) than in com
parisons (75%, 95% CI 72–79) by the age of 50 years. The 
cumulative incidence of having had at least one abortion 
was higher for survivors (29%, 95% CI 21–40) than for com
parisons (20%, 95% CI 16–24) by the age of 50 years; how
ever, the CIs overlapped. Among the 79 survivors in a known 
risk group at diagnosis, 8/25 (32%) in the low-risk and 14/50 
(28%) in the intermediate-risk group had had at least one 
live birth (data not shown). Too few live births were 
observed in the high-risk group to be reported as well as for 
abortions in survivors in each of the three risk groups. 
Finally, the estimated HRs showed no difference in live births 
between the survivors and the comparisons, but the HR for 

having had at least one abortion was increased for survivors 
(1.86, 95% CI 1.38−2.52).

Discussion

In this Nordic population-based cohort study of 230 survivors 
of neuroblastoma in childhood, no difference was found in 
the cumulative incidence of at least one live birth at age 
30 years among survivors and population comparisons, while 
fewer survivors than comparisons had experienced a live 
birth by the age of 50 years. An increased HR was found 
among survivors for having had at least one abortion.

Neuroblastoma was diagnosed in most of the survivors 
(187/230, 81%) before 1990, when the survival rate was poor, 
especially for high-risk patients with disseminated 

Figure 2. Cumulative incidence with 95% confidence intervals of a first live birth (A) and abortion (B) among female neuroblastoma survivors and population 
comparisons.
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neuroblastoma [4,19]. In 45% (103/230) of the children who 
became long-term survivors, neuroblastoma was diagnosed 
when they were infants. None of the included survivors in 
the high-risk group were diagnosed before 1990. Since the 
survival rate for neuroblastoma was low before 1990, one 
might conjecture that the long-term neuroblastoma survivors 
in our study had localized disease, treatment included sur
gery and less gonadotoxic chemotherapy and/or radiother
apy, or had had spontaneous tumor regression with no 
treatment [4]. Thus, it is conceivable that the long-term survi
vors diagnosed before 1990 potentially received less toxic 
treatment modalities than the high-risk patients surviving 
today. In our data, only 5% of the survivors for whom clinical 
information was available were in the high-risk group, as 
compared to 51% diagnosed in 1981−2000 in Denmark [20]. 
Children with high-risk neuroblastoma, which often metasta
sizes to bones and/or bone marrow, are treated with inten
sive multimodality therapy, including chemotherapy and 
radiotherapy followed by autologous stem cell transplant
ation (ASCT) [21]. The gonadotoxic damage caused by such 
treatment was confirmed in a study of the long-term health 
status of 145 high-risk neuroblastoma survivors treated with 
high-dose chemotherapy, including busulfan/melphalan as 
part of the conditioning regimen for ASCT, with 45/58 (78%) 
of the female survivors having ovarian failure [5]. A large pro
portion of the long-term survivors in our study probably had 
low or intermediate risk of disease, which may explain the 
absence of differences in the HRs for live births between the 
survivors and the comparisons.

The gonadotoxic effect of alkylating agents was also 
observed in the Childhood Cancer Survivor Study (CCSS), in 
which busulfan was linked to fewer pregnancies among 
female survivors [10]. In that study, the HRs of a first preg
nancy and of a live birth among neuroblastoma survivors 
who were not exposed to pelvic or cranial radiotherapy but 
were treated with alkylating or similar agents were 0.81 
(0.63−1.05) and 0.70 (0.52−0.94), respectively. No difference 
in pregnancy or live birth was found for neuroblastoma sur
vivors not treated with alkylating or similar agents as com
pared with their siblings. Radiotherapy to the abdomen or 
pelvis and total body irradiation (TBI) have also been associ
ated with infertility and gonadal failure, including accelerated 
oocyte depletion and premature menopause [22–24]. A study 
from the CCSS on nonsurgical premature menopause (NSPM) 
in childhood cancer survivors found that pregnancy and live 
birth rates before the age of 30 years were not significantly 
different between survivors who developed NSPM and those 
without NSPM [23]. Our finding of a similar cumulative inci
dence of live births among survivors and female comparisons 
at age 30 years, but a lower incidence in survivors at age 
50 years, may partly be explained by premature menopause 
in some survivors.

We found an elevated HR among survivors for having had 
at least one abortion. Both abdominal or pelvic radiotherapy 
and TBI have been associated with damage to the uterus, 
including reduced adult uterine volume [25], less muscular 
elasticity, and impaired blood flow, as well as endometrial 
atrophy and insufficiency [26]. These late complications 

might explain the increased risk for spontaneous abortions 
observed in female survivors of childhood cancer who had 
been treated with radiotherapy in childhood or adolescence 
in other studies [27], and, partly, the increased risk observed 
in our study.

Strengths and limitations

The strengths of the present study include the population- 
based design, inclusion of neuroblastoma survivors from the 
four Nordic countries, a randomly sampled comparison 
cohort, and information on pregnancy outcomes from 
nationwide registries, irrespective of cancer status. Our study 
also has some limitations. We had information only on spon
taneous abortions that required a hospital contact. Although 
we included survivors of neuroblastoma in four countries, 
the rarity of neuroblastoma limits detailed analyses. In add
ition, information on risk group was only available for 34% 
of the survivors, which did not allow for further analyses 
including risk group. These analyses are important, given the 
different treatments received by survivors in different risk 
groups. Thus, the discussion is based on speculative causes 
of the observed associations as we were not able to make 
any conclusions about exposure to chemotherapeutic agents, 
ASCT or radiotherapy and pregnancy outcomes. Finally, 
because of changes and improvements in treatment regi
mens for neuroblastoma, the results of the study, which is 
based on survivors of neuroblastoma diagnosed in 1951– 
2003 may not fully reflect the fertility of women with neuro
blastoma in childhood diagnosed and treated today.

Conclusion

The number of women who gave birth to at least one live
born child before age 30 years was similar for survivors of 
neuroblastoma and the general female population, but fewer 
survivors had given birth to a liveborn child by the age of 
50 years. We also observed an increased risk of survivors for 
having had at least one abortion. As most of the long-term 
survivors in the study were treated before 1990, further stud
ies are necessary to assess pregnancy outcomes in survivors 
of neuroblastoma diagnosed more recently.
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