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Abstract
Purpose An increasing number of childhood cancer survivors are using assisted reproductive technologies (ART) to overcome
treatment-related fertility impairment. We report perinatal and health outcomes of offspring born to survivors following ART.
Methods The FeCtMulticenter Offspring Study surveyed the health of offspring of childhood cancer survivors. Health outcomes
in offspring born to survivors following ART (n = 57, 4.6%) or after spontaneous conception (n = 1182) were assessed in the
German cohort (n = 1239) using bivariate analysis. Findings were put into the context of the general German population by health
outcome assessment in 1:1 matched-pair analysis (n = 2478).
Results Nearly twice the survivors used ART compared with numbers reported for the German general population (4.6% vs.
2.6%). Successful pregnancies were achieved after a median of two cycles, mainly using non-cryopreserved oocytes/sperm.
Multiple sibling births (p < 0.001, 28.1% vs. 3.0%) and low birth weight (p = 0.008; OR = 2.659, 95% CI = 1.258–5.621)
occurred significantly more often in offspring born to survivors who utilized ART than spontaneously conceived children,
whereas similar percentages were born preterm or too small for their gestational age. ART did not increase the prevalence of
childhood cancer or congenital malformations in offspring born to survivors.
Conclusion ART use by childhood cancer survivors was successful with both fresh and cryopreserved oocytes/sperm, and did not
influence perinatal health or health outcomes when known confounders were taken into account.
Implications for Cancer Survivors Oncofertility is an important component of patient care. Our study implicates that the utiliza-
tion of ART by adult survivors of childhood cancer does not put offspring at additional risk for adverse perinatal or health
outcomes.
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Introduction

Worldwide, > 5,000,000 live births have been reported fol-
lowing assisted reproductive technologies (ART), mostly
in vitro fertilization and intracytoplasmic sperm injection [1],
with annual numbers rising [2]. In 2016, 2.6% of children in
Germany were born following ART [3]. While the majority of
children conceived by ART are born healthy, ART has been
associated with a higher risk of adverse birth outcomes than
spontaneous conception [4]. These include increased occur-
rences of adverse perinatal events [5], childhood cancer [6],
congenital malformations [7] (including heart defects [8]), hy-
pertension [9, 10], and asthma [11]. Hypotheses explaining
these observations implicate pharmaceutically induced ovula-
tion, micromanipulation during ART procedures, effects asso-
ciated with increased incidence of multiple sibling births [4],
and subfertility itself [12].

Infertility is a known late effect of cancer treatment in
childhood [13–15], yet national [16, 17] and international
[18, 19] guidelines on fertility protection have only been de-
veloped in recent years. An increasing number of childhood
cancer survivors are employing ART to fulfill the wish for
biological children [20]. Survivors report being anxious about
the general health of future children and the possibility that
their previous cancer treatment may increase the risk of cancer
in offspring [21]. Studies have shown that offspring of non-
hereditary childhood cancer survivors do not have an in-
creased risk for malformations, genetic diseases, or non-
hereditary cancers [22–24]. Yet, whether ART affects off-
spring health when used by childhood cancer survivors has
not been specifically addressed.

Within our FeCt1 Multicenter Offspring Study, we com-
pared perinatal outcomes and the prevalence of childhood
cancer and congenital malformations, including heart defects,
in children born to German survivors following ART and after
spontaneous conception. To contextualize our findings, we
also compared health outcomes in the survivor offspring co-
hort to children in the general German population.

Methods

Design and participants

Between 2013 and 2019, we conducted the FeCt Multicenter
Offspring Study in Germany, Austria, Czech Republic,
Poland, and Switzerland to survey childhood cancer survivors
on health aspects of their biological children. The study was
approved by the Charité local ethics committee (EA2/237/05,
EA2/103/11) and the German Society for Pediatric Oncology

and Hematology. Survey methods of the German cohort and
our study questionnaire were published previously [21, 25,
26]. Childhood cancer survivors identified as having biologi-
cal children in the previously conducted nationwide studies,
FeCt on survivor fertility [21, 26] and VIVE on somatic and
psycho-social late effects in survivors [27], were contacted via
the German Childhood Cancer Registry (n = 1340,
Supplemental Figure 1). Survivors of at least 18 years of age
were included for study participation if informed consent was
given. Participating survivors who had used ART were addi-
tionally interviewed by phone in June and July 2019 on details
of their ART treatment and course of pregnancy. For compar-
ison with the general German population, we drew data from
the KiGGS Study (health examination survey for children and
adolescents in Germany) conducted in 17,641 children by the
Robert Koch Institute between 2003 and 2006 [28]. Survivor
offspring (n = 1239) were matched 1:1 with children from the
KiGGS collective using gender, age, and born as singletons
versus as multiple siblings in a case-control design for
matched-pair analysis.

Variables

In total, 46 items concerning diseases, pain, well-being, living
conditions, diet, health-related behavior, healthcare utiliza-
tion, and social determinants were measured. Core data for
the participating survivors were available from the German
Childhood Cancer Registry. Participating survivors reported
whether children were conceived spontaneously or via ART
(specifying type).World Health Organization definitions were
used to describe perinatal outcomes (gestational age, birth
weight, small for gestational age) [29] and to categorize con-
genital malformations including heart defects (International
Classification of Disease, ICD-10) [29]. The International
Classification of Childhood Cancer (ICCC-3) was used to
specify cancer diagnoses [30]. Whether survivors’ children
had a cancer, malformation, or heart condition were surveyed
by yes/no questions, and the diagnosis was further described
in answer to “If yes, which?”. Whether survivors (who used
ART) received chemotherapy, radiotherapy, and/or stem cell
transplantation to treat their cancers were available via coop-
eration with the completed FeCt and VIVE studies
(Supplemental Figure 1). Cause and type of infertility and
details about ART procedure and pregnancy/birth-related
complications were queried via phone interview.

Statistical methods

Analyses were performed using IBM SPSS Statistics, Version
25. Questionnaires lacking child’s gender, age or mode of
conception, or (for comparability with the KiGGS cohort,
age range 0–17 years) describing children ≥ 18 years at survey
time were excluded from analyses (Supplemental Figure 1).

1 FeCt, fertility after chemo- and radiation therapy in childhood and
adolescence
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Tominimize the amount of missing data, a user-friendly ques-
tionnaire containing standardized and validated instruments
from the KiGGS Study was designed and a pilot study was
performed. Cases with missing data were omitted and remain-
ing data were analyzed (listwise deletion). Survivor offspring
group differences were nonparametrically tested (2-sided chi-
square and Mann-Whitney U tests for unpaired samples) with
a 5% significance level. Even though the number of offspring
born to childhood cancer survivors following ART (n = 57)
was small, post hoc calculation of statistical power revealed
that the given sample size provided 80% power to detect
group differences at the 5% significance level and an odds
ratio (OR) of 2.8 (medium effect) by logistic regression.
Bivariate analyses were carried out using McNemar and
Wilcoxon signed-rank tests for paired nonparametric samples
with a significance level of < 5% to detect group differences.
Effect sizes were calculated including unadjusted OR with
95% confidence intervals (95% CI) and Cohen’s d effect size
[31] (thresholds: 0.2 = small, 0.5 = medium, 0.8 = large).
Binary logistic regression was carried out to estimate adjusted
ORs with 95% CI in multivariate analyses to assess the
intervariable dependencies of the sociodemographic factors,
gender, age, migration background, and educational attain-
ment of parents (rated low, medium, or high using CASMIN
classification [32], as well as multiple sibling birth, smoking/
drinking habits during pregnancy, and parental estimation of
their child’s health). The age at diagnosis (grouped into 0–4,
5–9 and 10 or more years of age) and type of cancer (grouped
into leukemia/lymphoma, brain tumors and extra-cranial solid
tumors) in the parents were considered additional variables in
multivariate analysis.

Results

Participants

We received responses from 852 German childhood cancer
survivors (65.8% of those contacted), who returned 1340
questionnaires for their children (Supplemental Figure 1).
Responders were more likely to be female (p < 0.001) and
moderately to highly educated (p < 0.001). Survivors’ diagno-
ses, age at diagnosis, and at time of survey were equally dis-
tributed among survey participants and non-participants
(Supplemental Table 1). Of the 1239 children born to child-
hood cancer survivors, 57 were conceived after ART (4.6%)
and were born, on average, closer to the time of survey
(Table 1). Compared with those who spontaneously con-
ceived, survivors using ART experienced more multiple sib-
ling births, and none reported smoking or drinking during
pregnancy. Survivors who utilized ART were older at cancer
diagnosis, but parental cancer diagnoses were equally distrib-
uted between children born after ART or spontaneously

conceived children (Table 1). Of 40 survivors who reported
ART, we successfully interviewed 27 survivors (67.5%,
Supplemental Figure 1) about their 44 children born after
ART. Clinical records available for 24 interviewed survivors
showed that all received chemotherapy, 12 had also received
radiotherapy and one underwent bonemarrow transplantation.
In both female and male childhood cancer survivors, male
factor infertility contributed more strongly to the necessity
for ART in couples including a childhood cancer survivor
(Table 2). The majority of survivors used fresh oocytes/
sperm for fertility treatment. In vitro fertilization/
intracytoplasmic sperm injection was successful after one cy-
cle in half the couples; however, 18.2% (4/22 pregnancies in
female survivors) required ≥ 3 cycles. Most childhood cancer
survivors that used ART reported spontaneous vaginal deliv-
eries (65.4% in female, 66.7% in male survivors), with only
two emergency cesarean sections being reported (Table 2).
Paired analysis of survivor offspring matched to children in
the general German population (KiGGS cohort) showed a
higher educational level in parents who survived childhood
cancer than in the general population (Table 1). Survivors
were also more careful about alcohol and tobacco use during
pregnancy (Table 1).

Perinatal outcomes

We evaluated the prevalence of preterm birth, low birth
weight, and small for gestational age in survivor offspring
from the survey responses. Children born to survivors, wheth-
er following ART or spontaneous conception, were born to
term (37 to < 42 weeks of gestation, Table 3). The offspring
born following ART, however, were delivered slightly but
significantly earlier (mean 38.5 vs. 39.1 weeks of gestation,
p = 0.028; Cohen’s d 0.127). While using ART did not signif-
icantly increase the risk for premature birth among childhood
cancer survivors, bivariate analysis revealed that birth weight
below 2500 g (low birth weight) was statistically more prev-
alent (p = 0.008; OR = 2.659, 95% CI = 1.258–5.621,
Table 3). In multivariate analyses, however, differences in
the prevalence of low birth weight between groups were no
longer apparent (Supplementary Table 2). Preterm birth
(p < 0.001; OR = 38.306, 95% CI = 21.044–69.727) and con-
genital heart defects (p = 0.046; OR = 5.616, 95% CI = 1.030–
30.610) were confirmed to be confounding variables affecting
the prevalence of low birth weight in our cohort. When birth
weight was related to the respective gestational age to identify
children born too small for gestational age (< 10th percentile),
no differences were detected between survivor offspring born
after ART or spontaneous conception (Table 3). Paired anal-
ysis with the general population (KiGGS children) revealed
that survivor offspring were delivered at term, although mar-
ginally earlier (mean 39.0 vs. 39.3 weeks of gestation, p =
0.036; Cohen’s d = 0.065, Table 3). Among survivor
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Table 2 ART characteristics (telephone interview)

Characteristics Offspring born to survivors using ART

Female survivor (parent) Male survivor (parent)

Missing data (n) n (%) Missing data (n) n (%) p

Total of offspring born after ARTa 26 (100.0) 18 (100.0)

Gender of offspring - - 0.179

Female 12 (46.2) 12 (66.7)

Male 14 (53.8) 6 (33.3)

Infertility diagnosed in survivor 1 10 (40.0) - 14 (77.8) 0.014

Female factor 7 (28.0) 2 (22.2)

Male factor 15 (60.0) 13 (72.2)

Both female and male factor 3 (12.0) 1 (5.6)

ART - - -

IVF 3 (11.5) 4 (22.2)

ICSI 17 (65.4) 10 (55.5)

ICSI and TESEa 3 (11.5) -

ICSI (with donor sperm) - 1 (5.5)

IUI 3 (11.5) 1 (5.5)

IUI (with donor sperm) - 2 (11.1)

Use of sperm or oocytes - - 0.025

Fresh 23 (88.5) 10 (55.6)

Cryopreserved before cancer treatment - 3 (16.7)

Cryopreserved after cancer treatment 3 (11.5) 5 (27.8)

Number of IVF/ICSI treatment cycles 1 - 0.187

1 10 (45.5) 8 (50.0)

2 to 3 8 (36.4) 8 (50.0)

≥ 4 4 (18.2) -

Pregnancy complications - 8 (30.8) - - 0.009

Gestational diabetes (non-insulin dependent) 3 (11.5) -

Gestational diabetes (insulin dependent) 3 (11.5) -

Premature contractions 1 (3.8) -

Vanishing twin syndrome 1 (3.8) -

Birth mode - - -

Vaginal delivery 17 (65.4) 12 (66.7)

Vacuum extraction 1 (3.8) 1 (5.5)

Elective cesarean section 3 (11.5) 4 (22.2)

Cesarean section with medical indication 4 (15.4) -

Emergency cesarean section 1 (3.8) 1 (5.5)

Year of birth (survivor parent) 0.140

1960 to 1969 2 (7.7) 3 (16.7)

1970 to 1979 9 (34.6) 10 (55.6)

≥ 1980 15 (57.7) 5 (27.8)

Age at diagnosis (survivor parent) - 0.434

Mean age (SDF) 9.0 [4.5] 10.2 [4.3]

Median age (IQR) 9.5 [9.0] 12.5 [6.5]

Diagnosis (grouped) - 0.565

Leukemia/lymphomas 18 (69.2) 15 (83.3)

Brain tumors 3 (11.5) 1 (5.6)

Solid tumors 5 (19.2) 2 (11.1)
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offspring, the risk of prematurity (< 37weeks of gestation, p =
0.008; OR = 1.701, 95% CI = 1.253–2.308) and low birth
weight (< 2500 g, p = 0.047; OR = 1.431, 95% CI = 1.020–
2.007) was slightly but significantly elevated compared with
the general population.Multivariate analyses confirmed group
differences for prematurity (p < 0.001; OR = 2.002, 95% CI =
1.395–2.874), but not for low birth weight which was instead
shown to be influenced by the epidemiologically known con-
founders, prematurity, and multiple sibling births [33]
(Supplementary Table 2). The prevalence of being born too
small for gestational age did not differ between survivor off-
spring and children in the general population.

Prevalence of childhood cancer

All childhood cancer survivors surveyed submitted informa-
tion about cancer occurrences in their children. Although eight
children born to survivors (0.6%) were diagnosed with cancer
before the age of 18 (including two retinoblastomas in chil-
dren with hereditary predispositions), none of the affected
children were born following ART (Table 4). Among the chil-
dren from the KiGGS cohort used in paired analysis, one child
was diagnosed with a brain tumor and a second child with
renal tumor (0.2%, p = 0.180). This comparison indicates that
childhood cancer prevalence is no different in survivor off-
spring than in the general German population.

Prevalence of congenital malformations and heart
defects

The childhood cancer survivors surveyed also submitted in-
formation about the occurrence of congenital malformations
and heart defects in their offspring. Neither congenital

malformations nor heart defects were more prevalent in survi-
vor offspring born following ART compared with those spon-
taneously conceived (Table 4). The surveyed survivors report-
ed 75 diagnoses of congenital malformations in 71 offspring
of the 1224 offspring informed on in the survey (5.8%). In the
paired analysis for children from the general German popula-
tion (KiGGS cohort), 130 diagnoses of congenital
malformations were reported in 119 children, yielding an even
higher prevalence for congenital malformations (11.1%,
p < 0.001; OR = 0.393, 95% CI = 0.284–0.544, Table 4).
The slightly higher prevalence for congenital malformations
in the KiGGS cohort remained significant (p = 0.002, OR =
0.538, 95% CI = 0.364–0.796) in multivariate analyses
(Supplementary Table 3). Congenital malformations were
shown to be associated with a lower parental estimation of
the child’s overall health (“very good” p < 0.001; OR =
0.312, 95% CI = 0.161–0.604). Significantly more congenital
heart defects (bivariate analysis: p = 0.049; OR = 0.592, 95%
CI = 0.350–1.002) occurred in the general population, with 38
diagnoses in 35 KiGGS children reported (total = 1071, 3.3%)
in comparison with 29 diagnoses in 24 survivor offspring
(total = 1224, 2.0%, Table 4). Multivariate analysis, however,
did not confirm this higher prevalence for congenital heart
defects in KiGGS children (Supplementary Table 3). The
prevalence of congenital malformations or heart defects was
not increased in offspring of childhood cancer survivors in the
surveyed cohort in any group comparisons conducted.

Discussion

Here, we specifically investigate the impact of ART on the
health of offspring born to childhood cancer survivors using

Table 2 (continued)

Characteristics Offspring born to survivors using ART

Female survivor (parent) Male survivor (parent)

Missing data (n) n (%) Missing data (n) n (%) p

Treatment including radiotherapy 3 11 (47.8) 1 7 (41.2) 0.676

Chemotherapy only 12 (52.2) 10 (58.8)

Chemo- and radiotherapy 11 (47.8) 5 (29.4)

Chemotherapy, radiotherapy and BMT - 2 (11.8) -

Age at birth of offspring (in total) - - 0.001

Mean age (SDF) 31.1 [2.5 35.0 [3.7]

Median age (IQR) 31 [3.3 34 [6.5]

Partner’s age at birth of offspring (in total) - - 0.032

Mean age (SDF) 35.6 [4.9] 32.6 [2.3]

Median age (IQR) 36 [9.25] 32 [3.0]

ART, assisted reproductive technologies; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; TESE, testicular sperm extraction; IUI,
intrauterine insemination; BMT, bone marrow transplant; SD, standard deviation; IQR, interquartile range
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the only survey information published to date that was tailored
to this question. Nearly twice the childhood cancer survivors
used ART in our surveyed cohort (4.6%) compared with num-
bers reported by the German In Vitro Fertilization Registry
(2.6%) [34]. This distribution parallels findings from Melin
et al., who compared fertility treatments among female survi-
vors of adult cancer and their siblings (5.2% vs. 2.8%) [35].
While current guidelines recommend fertility preservation be-
fore cancer treatment [36], patients in our cohort were treated
(1980–1999) before its routine implementation. Only few pa-
tients cryopreserved oocytes/sperm prior to cancer treatment.
In line with results from a recent European study [37], more
male survivors cryopreserved, likely because sperm collection
is less invasive and costly, but possibly also due to differences
in counseling [38]. Our data showed that even in cases lacking
pretreatment oocytes/sperm cryopreservation, successful
ART pregnancies occurred in childhood cancer survivors.
The increasing numbers of childhood cancer survivors who
turn to ART [34] stress the importance of establishing an
information base from which to counsel childhood cancer pa-
tients and survivors.

Our analyses revealed that the prevalence of multiple sib-
ling births after ART was nearly tenfold higher than for chil-
dren conceived spontaneously (28.1% vs. 3%). The higher
prevalence of multiple sibling births after ART parallels the
34% reported for the general population in 2016 by the
German In Vitro Fertilization Registry [34] and is in line with
the 31.5% prevalence reported in 2016 in the USA [39].
Recent studies describe a mediating effect of multiple sibling
births after ART on adverse obstetric outcomes [4, 5], indicat-
ing relevance for health also reflected in our findings from
multivariate analyses on perinatal outcomes (p < 0.001;
OR = 3.902, 95% CI = 1.804 to 8.441, Supplementary
Table 1). When known confounders including multiple sib-
ling birth were taken into account [4, 5, 40–43], perinatal
outcomes were no different in survivor offspring, whether
conceived after ART or spontaneously. We detected a modest
increase in the prevalence for moderate preterm birth (32 to <
37 weeks of gestation) in childhood cancer survivors com-
pared to the KiGGS cohort, as a representative for the general
German population. These findings are reassuring, since most
medical consequences occur in very (28 to < 32 weeks of
gestation) or extremely (< 28 weeks of gestation) preterm in-
fants [44]. Recent studies have cited long-term treatment ef-
fects as a possible source for their detected increased preva-
lence of adverse pregnancy outcomes in childhood cancer
survivors. Van de Loo et al. and van Dorp et al. both found
that childhood cancer survivors exposed to radiation were at
higher risk for preterm delivery and low birth weight [24, 45].
The majority of survivors in our collective (58.7%) were treat-
ed in the 1980s, typically receiving higher doses of radiation
and alkylating agents (in multiagent chemotherapy schedules)
than are currently used [46]. Against this backdrop of

progressively reduced toxicity regimens, our findings appear
particularly reassuring for patients treated with the less toxic
protocols for childhood cancer today. Our study confirms the
known increase in multiple sibling births following ART and
indicates that prevalence was no higher in childhood cancer
survivors than in the general German population. Adverse
obstetric outcomes in survivors, as described by preceding
studies, were only reflected by a small increase of moderate
preterm births in our survivor cohort.

We found that ART did not raise the prevalence of child-
hood cancer among survivor offspring. In this respect, current-
ly available data collected for the general population are not
consistent. Williams et al. reported no increase in the overall
risk for cancer among 106,013 children conceived through
ART in the British general population, while the risk for
hepatoblastoma and rhabdomyosarcoma appeared slightly in-
creased [47]. Likewise, Spaan et al. reported no increase in the
overall cancer risk among 24,269 children conceived after
ART in the general Dutch population after a median follow-
up of 21 years [48]. A meta-analysis of 25 cohort and case-
control studies published in 2013, however, calculated a
slightly elevated overall risk for cancer in children born after
ART (RR = 1.33, 95%CI = 1.08–1.63) [49]. The authors
pointed out that subfertility and potential epigenetic defects
in the gametes, rather than the ART procedure itself, might
be the most important predisposing factor for childhood can-
cer underlying these data [49]. While a meta-analysis by
Hoorsan et al. from 2017 arrived at a 53% higher risk for
congenital malformations following ART in the general pop-
ulation [50], our data showed no increased risk for congenital
malformations or heart defects among offspring born to child-
hood cancer survivors who used ART. Hoorsan et al. discuss
genetic characteristics and conditions specifically occurring in
infertile couples as causative, which may differ from charac-
teristics of our study population. When comparing the preva-
lence of childhood cancer and congenital malformations in
survivor offspring with children from the KiGGS Study,
whether conceived by ART or spontaneous conception, our
study confirmed findings from large studies [22–24], that
showed no higher prevalence for childhood cancer in survivor
offspring than in children in the general population. Similarly,
the prevalence of congenital malformations, including heart
defects, was not elevated in offspring born to our survivor
cohort than the reported prevalence in the general population,
in line with currently available data [51–55]. Our findings in
the survivor cohort and in comparisons with the general
German population support that the use of ART by childhood
cancer survivors does not put offspring at additional risk for
adverse health outcomes including childhood cancer or con-
genital malformations.

The study setting and conduct feasibility among childhood
cancer survivors in Germany posed certain limitations.
Recruitment was based on previous surveys identifying
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survivors with biological children, potentially causing a selec-
tion bias. This approach was necessary to reduce the study
burden for survivors, as required by the German Society for
Pediatric Oncology and Hematology. The questionnaire-based
setting could produce recall bias that could reduce data accu-
racy. However, all survivor parents had been treated according
to standardized trial protocols, for which detailed treatment
information was available through the German Society for
Pediatric Oncology and Hematology. Although we were able
to examine a number of potential mediating factors, we had no
information on maternal age, body mass index, and infections
during pregnancy, which are further factors influencing peri-
natal events [46, 56–58]. Missing data of the main outcomes
were rare in survivor offspring: 1.79% (0.08–3.95%) but more
prevalent in the KiGGS cohort: 10.78% (1.70%–13.56%).
Although we have no indication of this, it cannot be ruled
out with certainty that these were not completely at random.
Despite the explorative character of this study, which does not
allow for confirmatory conclusions, our analyses offer new
insights into health issues in offspring born to childhood cancer
survivors, and the high response rate reflects the strong interest
shown by survivors in these issues. The small sample size of
57 survivor offspring born after ART was adequate to detect
medium effects (d 0.5 or higher). Future studies are needed to
further explore the effect of ART within a larger population.
Our study delivers encouraging results for survivors of child-
hood cancer that demonstrate that the vastmajority of offspring
born to survivors do not experience adverse perinatal outcomes
or later health problems, independently of whether conception
was spontaneous or required ART.
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