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Abstract

Endocrine complications are a common late effect after childhood cancer. Our study

assessed the prevalence and predictors of premature ovarian insufficiency (POI) and

prospects of pregnancy in young female survivors. This nationwide study combined

registry and survey data for female childhood cancer survivors aged 19 to 40 years,

identified through the National Quality Registry for Childhood Cancer in Sweden. Of

1989 approached young women, 1333 (67%) participated by completing a survey.

Median age at diagnosis 1981 to 2017 was 6 (range 0-17) and at study 28 (19-40)

years. There were two indicators of POI, induced puberty reported in 5.3% and estro-

gen replacement therapy (ERT) in 9.3% at assessment. In separate logistic regression

analyses (P < .001), induced puberty and ERT were significantly predicted by hemato-

poietic stem cell transplantation (HSCT), abdominal irradiation, central nervous sys-

tem irradiation and chemotherapy. ERT was also associated with older age at

diagnosis. Of the 626 women (48% of responders) who had tried to become preg-

nant, 25% had undergone fertility investigations and 72% reported having a biological

child. Treatment with HSCT was associated with 5.4 times the odds of needing fertil-

ity investigations (P < .001). Having a biological child was associated with non-HSCT

treatment, but also with ever having had a partner and older age at the time of study

Abbreviations: AOF, acute ovarian failure; CNS, central nervous system; ERT, estrogen replacement therapy; HSCT, hematopoietic stem cell transplantation; POI, premature ovarian

insufficiency; TBI, total body irradiation.
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(all P < .001). In conclusion, the majority of those female childhood cancer survivors

who had tried to conceive were able to successfully give birth. However, a small iden-

tifiable group of female survivors are at risk of subfertility and early menopause.

K E YWORD S

childhood cancer, estrogen replacement therapy, late-effects, registry study, subfertility

What's new?

Premature ovarian insufficiency (POI) and infertility are known treatment-related late effects fol-

lowing childhood cancer. However, prevalence rates of POI in recent patient cohorts are lacking.

This population-based study in Sweden analyzed registry and survey data for female childhood

cancer survivors who were diagnosed between 1981 and 2017. Investigations show that 9.3%

of female survivors of childhood cancer ages 19 to 40 had ongoing estrogen replacement ther-

apy, indicating POI. Of survivors who had tried to conceive, 72% were successful. The identified

prevalence rates are consistent with findings from other studies and suggest that late sequelae

remain problematic for some survivors.

1 | INTRODUCTION

A growing number of children who have been treated for cancer sur-

vive and enter adulthood. However, chronic health conditions are

common after cancer treatments.1 For young adult survivors,

treatment-related premature ovarian insufficiency (POI) and associ-

ated infertility are particularly important issues.

POI occurs in two forms before the age of 40. First, POI can occur

as acute ovarian failure (AOF) during the years following cancer treat-

ment as either the cessation of menstruation or the failure to achieve

natural menarche. Second, POI can manifest as premature menopause

in females who initially retain their ovarian function after cancer treat-

ment. AOF has been reported in �6% of childhood cancer survivors2

and nonsurgical premature menopause, when excluding patients with

AOF, in 9%.3 POI in general has been reported in 11% to 13% of child-

hood cancer survivors.4,5 POI affects fertility negatively and leads to a

narrower time window of fertility.3 Consequently, in a population-based

study, the incidence of pregnancy was 28% to 31% lower in female

childhood cancer survivors compared to the general population.6

Risk factors that have uniformly been associated with the devel-

opment of POI and infertility include exposure to alkylating agents,

ovarian/pelvic irradiation, total body irradiation (TBI) and hematopoi-

etic stem cell transplantation (HSCT) regimens.3,5,7,8 It is generally

considered a risk factor for premature menopause to be diagnosed

postpubertally compared to the prepubertal period.9 Due to the

diminishing ovarian reserve, the risk of premature menopause after

treatment also increases by age.3,5

Compared to the previous studies on POI, our study presents

data from more recently treated patients and assessed a national pop-

ulation which included all female survivors aged 19 to 40 years trea-

ted at the pediatric oncology units in Sweden. Thus, results can be

used to inform presently treated patients about their future risk for

POI and fertility prospects. The first aim of our study was to assess

the prevalence and predictors of POI in young women who have

survived childhood cancer. The second aim was to assess the chance

of pregnancy and its predictors after childhood cancer.

2 | MATERIALS AND METHODS

2.1 | Participants

Our study is part of the national population-based Fex-Can Childhood

project addressing the prevalence and predictors of sexual dysfunc-

tion and fertility-related distress in young adult childhood cancer sur-

vivors.10 It included all survivors in the National Quality Registry for

Childhood Cancer in Sweden who were 19 to 40 years of age and res-

idents in Sweden at the time of enrolment. The registry included

patients diagnosed with cancer before the age of 18 years; however,

during the 1980s and part of the 1990s only patients diagnosed

before the age of 16 were treated at the child oncology units and,

hence, included in the registry. Patients were excluded from the study

if they were unable to read/write in Swedish or had cognitive impair-

ment that compromised study participation. The survivors were iden-

tified through the National Quality Registry for Childhood Cancer. A

total of 2030 possible female participants were identified, whereof

41 were excluded due to unknown address (n = 23), living outside

Sweden (n = 1), cognitive dysfunction (n = 14) and administrative fail-

ure (n = 3). Finally, of the 1989 eligible participants, 1333 (67%) par-

ticipated in the study. They had been diagnosed with cancer 1981 to

2017. There were no significant differences in demographic or clinical

characteristics between female participants and nonparticipants.11

2.2 | Procedure

Clinical data about primary cancer diagnoses, date of diagnosis, cancer

treatments, disease relapses and second malignancies were retrieved
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from the National Quality Registry for Childhood Cancer. Information

about TBI was not available. Abdominal irradiation possibly affecting

the gonads and cranial irradiation included only the local irradiation

doses. Diagnoses were classified according to the International Classifi-

cation of Childhood Cancer, 3rd revision.12 Each child's treatment was

categorized by a pediatric oncologist using the Intensity of Treatment

Rating scale (ITR-3.0), a psychometrically validated measure of treat-

ment intensity of current treatment protocols in pediatric oncology.13

Different disease and/or treatment modalities were classified according

to one of the four intensity levels, from level 1 (minimally intensive;

including treatments such as surgery only or chemotherapy for Wilms'

tumor Stages 1 and 2) to level 4 (most intensive; including treatments

such as HSCT or chemotherapy for acute myeloid leukemia).

Sociodemographic data, medication use and information on men-

struation and fertility were retrieved from a survey consisting of vali-

dated self-report instruments and study-specific items. The survey

was sent to all eligible participants together with a letter describing

the study.10 The survey could be completed on paper, Web or by tele-

phone interview. Two reminders were sent out to the nonresponders.

Data was collected August 2019 to February 2020.

2.3 | Measures

The outcome measures in our study were self-reported need of induced

puberty, ongoing use of medication with ERT, attempt to conceive, hav-

ing undergone fertility investigations and having a biological child. This

data was retrieved from the following five study-specific questions in

the survey: (a) Have you needed medication to induce puberty (no/I do

not know or remember/yes)? (b) During the past 2 years, have you used

female sex hormone to replace estrogen during a minimum of 1 month

(no/I do not know or remember/yes)? (c) Have you had difficulties

becoming pregnant (no/some difficulty/yes/have not tried)? (d) Have

you undergone any investigations due to difficulties becoming pregnant,

for example, blood sample or ultrasound (no/I do not know or remem-

ber/yes)? (e) Do you have a biological child (yes/no)? Participants had

the possibility to also write an open-ended response.

For background characteristics, the following questions from the

survey were included: Have you ever cohabitated or been married to

a partner (no/yes/do not want to specify)? Have you ever needed

injections with growth hormone (no/I do not know or remember/

yes)? During the past 2 years, have you used medication for thyroid

function/diabetes during a minimum of 1 month (no/I do not know or

remember/yes)? What is your menstrual status right now?

Of those 1297 females who indicated their current menstrual sta-

tus, 41 (3.2%) considered themselves to be menopausal, 177 (13.6%)

reported that they had no menstruation the past 6 months,

300 (23.1%) had irregular menses and 779 (60.1%) regular menses.

However, based on a review of the participants multiple-choice

responses and written comments, for example, based on the names of

medications the participants had stated, there were discrepancies in

the responses. Some who reported no menstruation were pregnant or

lactating or had no menstruation due to hormonally induced

amenorrhea. After this review, ERT was considered the best indicator

of ovarian failure. However, also in ERT there were some contradic-

tory information, why 37/1295 (2.9%) responses were re-classified. In

most of these cases (n = 21) the survivor had indicated the use of

ERT, or ERT and contraception, to avoid pregnancy. The re-classified

cases were revised to “no current use of ERT” if the patient indicated

hormone replacement therapy but described medication for in vitro

fertilization, nongonadal hormonal deficiencies, endometriosis, poly-

cystic ovary syndrome or contraceptive implant to avoid pregnancy.

2.4 | Statistical analyses

For continuous variables, sociodemographic characteristics are

presented as median (range), as the data was not normally

TABLE 1 Characteristics of 1333 female childhood cancer
survivors.

Median

(range)

Age at diagnosis, years 6 (0-17)

Age at study, years 28 (19-40)

Follow-up time, years 21 (1-38)

n (%)

Treatment era

1980-1989 237 (17.8%)

1990-1999 585 (43.9%)

2000-2017 511 (38.3%)

Age at study, years

19-25 455 (34.1%)

26-30 345 (25.9%)

31-35 281 (21.1%)

36-40 252 (18.9%)

Country of birth (n = 1328)

Sweden (vs other) 1272 (95.8%)

Partner status (n = 1318)

Ever cohabitated or been married 889 (67.5%)

Highest level of education (ongoing or finished,

n = 1327)

High school 47 (3.5%)

Secondary level 479 (36.1%)

Tertiary level 745 (56.1%)

Other 56 (4.2%)

Employment (n = 1333)

Full-time employment 670 (50.3%)

Part-time employment 227 (17.0%)

Student 250 (18.8%)

Unemployed 61 (4.6%)

Sick leave, early retirement 119 (8.9%)

Other 6 (0.5%)
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distributed. Categorical variables are presented as frequencies and

percentages. Group comparisons of the background variables were

undertaken with the Mann-Whitney U-test and Fisher's exact

χ2-test.

Five binary logistic regression analyses were undertaken to exam-

ine predictors associated with the outcome variables: the need of

induced puberty, current use of ERT, attempt to conceive, having

undergone fertility investigations and having a biological child. Inde-

pendent variables were treatment-related variables (chemotherapy,

irradiation potentially exposing the gonads, central nervous system

[CNS] irradiation, HSCT; yes/no), age at diagnosis, age at study and

partner status (if the participant had ever been married or cohabitated

with a partner; yes/no). These predictors were chosen a priori based

on their theoretical importance. Employment status (yes/no) was ini-

tially added as a predictor but was removed since it did not add pre-

dictive value. Cancer diagnosis or ITR-3.0 were not used in the

regression analyses since they are strongly correlated with the cancer

treatment variables.

To obtain a cutoff value for the CNS and abdominal irradiation

doses, the outcome variables were subjected to AUC analysis of ROC

curves for the participants with a known irradiation dosage. For AUC,

0.8 is considered acceptable.14 Hence, only significant AUC analyses

with AUC ≥ 0.8 are presented. Statistical calculations were carried out

using IBM SPSS Statistics 28.0. All tests of significance were two-

sided (P < .05).

3 | RESULTS

3.1 | Sociodemographic characteristics

Demographic characteristics are presented in Table 1. The survivors

were a median of 28 years at the time of the study. The majority of

survivors (86.0%) were working or studying full- or part-time or were

on parental leave. The most common education was a university

degree. Approximately two-thirds had at some point cohabitated with

a partner or been married.

3.2 | Clinical characteristics

Outcome variables are presented by diagnosis and treatment modality

in Table 2. The most common diagnoses were hematological cancers

in 45.3% of the survivors and the most common treatment modality

was moderately intensive.

Of the 1333 female participants, one had undergone hyster-

ectomy and was surgically sterile. Additionally, 10 females

had undergone a unilateral oophorectomy. Of the 10 females

who had undergone oophorectomy (median age at study 29.5,

range 19-37 years), only one had ongoing ERT. Further, six

indicated that they had not tried to become pregnant while four

had biological children without having undergone fertility

investigations.

3.3 | Premature ovarian insufficiency

Of those 1234 females who had indicated their menarchal status at

the time of diagnosis, 967 (78.4%) female patients were premenarchal

before cancer diagnosis. Of these, spontaneous menarche post-

treatment was reported by 898 participants (92.9%) at a median age

of 13.0 (range 8-18) years. Spontaneous menarche was seen in all

females with lymphoma, nonhigh stage neuroblastoma or renal

tumors, hepatic tumors, retinoblastoma and in survivors with mini-

mally intensive treatment (Table 2). Hormone-induced puberty was

reported in 69 (7.1%) of the females who were premenarchal at the

time of diagnosis. In the whole population the prevalence was 5.3%.

Induced puberty was common after myeloid leukemia, high-stage neu-

roblastoma or renal tumors, as well as in survivors with the most

intensive treatments (Table 2).

The need of hormone-induced puberty among females who were

premenarchal before cancer diagnosis was significantly predicted by

all treatment variables included in the logistic regression model, χ2 (5)

= 122.31, P < .001 (Table 3). The ROC analysis showed significant

predictive power of the abdominal irradiation dose to predict the need

for induced puberty (n = 13, AUC 0.925, P = .013). The analysis

included only the local irradiation doses possibly affecting the gonads.

Information about TBI was not available. A local abdominal irradiation

dose of 36.0 Gy had high sensitivity (100%) and specificity (80%) to

predict the need of induced puberty. A cutoff at 24.0 Gy had lower

sensitivity (63%) but better specificity (100%). The ROC analysis with

local CNS irradiation dose was not significant.

Of 1295 females, 121 (9.3%) indicated current use of ERT. The

need of ERT was common after myeloid leukemia, high-stage neuro-

blastoma as well as in survivors with the most intensive treatments

including relapse therapy and therapy for second malignancy. Accord-

ingly, more than half of the survivors who had undergone HSCT or

abdominal irradiation possibly affecting the gonads had ongoing ERT

(Table 2). Of the 121 females with ERT, 27 (22.3%) had one additional

hormone deficiency and 30 (24.8%) had two or more additional hor-

mone deficiencies (thyroid, growth hormone) or diabetes. ERT

together with two or more hormone deficiencies was most prevalent

in patients with high-grade CNS tumors (12/121, 9.9%), patients trea-

ted with CNS irradiation (19/121, 15.7%) or HSCT (10/121, 8.3%). In

the regression model, χ2 (6) = 182.17, P < .001, ongoing ERT was sig-

nificantly predicted by all the treatment variables included as well as

older age at diagnosis, but not with age at study (Table 3). However,

ROC analyses were not significant and, hence, cutoffs for local CNS

or abdominal irradiation doses could not be estimated.

3.4 | Chance of pregnancy

Of 1321 respondents, 626 (47.4% of responders) reported that they

had tried to become pregnant. Possible relationships between the

wish to conceive and treatments, particularly CNS irradiation through

its effect on sexual functions and partnering, were explored. In a logis-

tic regression, χ2 (7) = 598.99, P < .001, survivors who had never

6 HAAVISTO ET AL.
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cohabitated with a partner, who were younger at assessment and

who had undergone CNS irradiation were less likely to have tried to

conceive (Table 3). Chemotherapy, abdominal irradiation, HSCT and

age at diagnosis were not significantly associated with the attempt to

conceive in the regression analysis.

Of the 626 women who had tried to conceive, 251 women

(40.1%) reported that they had at least some difficulties to become

pregnant and 158 (25.2%) that they had undergone fertility investiga-

tions. Need of fertility investigations was common after high-stage

lymphoma and neuroblastoma. Further, more than a third of the survi-

vors who had needed a fertility investigation had received abdominal

irradiation, HSCT and/or had undergone therapy for a second malig-

nancy (Table 2). In a logistic regression, χ2 (7) = 32.93, P < .001,

women who had undergone HSCT had 5.4 times the odds of needing

fertility investigations. No other treatment-related variable or factors

in the current situation were significant predictors for the need of fer-

tility investigations.

Finally, of the 626 women who had tried to conceive, 451 women

(72.0%) had a biological child. High frequencies of pregnancies were

reported in survivors of histiocytosis, nonhigh stage renal tumors and

hepatic tumors. It was less common to have a biological child after

high-stage neuroblastoma, retinoblastoma or after the most intensive

treatment modality (Table 2). Similarly, a lower proportion of women

with subsequent need of ERT had a biological child. This proportion

was 10.7% (13/121) among all women with ongoing ERT and 29.5%

(13/44) in women with ERT who had tried to conceive. In a logistic

regression model, χ2 (7) = 108.94, P < .001, having had a partner,

older age at assessment and non-HSCT treatment predicted having a

biological child (Table 3).

4 | DISCUSSION

In this population-based study, all young women who had survived

childhood cancer diagnosed between 1981 and 2017 in Sweden were

invited. The study combined national registry and self-report survey

data from 1333 survivors. It is to our knowledge the most comprehen-

sive study on POI in survivors from the most recent treatment era.

ERT, an indicator of POI, was reported by 9.3% of the young adult

survivors. Moreover, a significant number of survivors with ERT

reported simultaneously other hormone deficiencies, indicating that

females suffering from POI often have a larger range of hormonal late

effects. Of the survivors who had tried to conceive a biological child,

one fourth underwent fertility investigations due to difficulties

becoming pregnant yet as many as 72% had to date been able to suc-

cessfully give birth to a biological child. Treatment burden, particularly

HSCT, was associated with poorer outcome for POI and the chance of

pregnancy. As an independent predictor, also the ability to find a part-

ner was important for the chance of pregnancy, reflecting the multi-

tude of biological, psychological and social factors involved in fertility

and partnering.

The prevalence of POI in the general population in Sweden is

1.9%,15 indicating a significantly increased risk for POI after childhoodT
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cancer treatment. Although our study represents a slightly younger

survivor population, aged 19 to 40 years, from a more recent treat-

ment era, the prevalence of self-reported ERT in our study (9.3%) was

similar to the frequency of POI reported in previous studies of child-

hood cancer survivors. For instance, our results are well in line with

the reported prevalence of 10.9% in the St Jude Lifetime Cohort4 and

13% in a recent study by Netterlid et al (2021) of childhood cancer

survivors in southern Sweden.5 In those studies, POI was defined

based on self-reported menstrual history, supplemented with ovarian

hormone concentrations. On the other hand, the Childhood Cancer

Survivor Study defined premature menopause as the cessation of

menses for at least 6 months beginning 5 years after cancer diagnosis.

Although they excluded survivors with AOF, the prevalence of prema-

ture menopause by the age of 40 (9.1%) was almost identical to our

study results and may reflect the older treatment era (1970-1986).3

Similarly, the number of survivors with the need of induced pubertal

onset (5.3%) in our study was similar to the 6% prevalence of AOF

reported by the Childhood Cancer Survivor Study.2,16

Concerning the variables in defining POI, patient self-reports on

menstrual status and menopause were detected to be somewhat

unreliable in our study. The use of ERT was almost three times more

common than self-reports of menopause (3.2%). In a previous study,

POI was defined based on survivors' self-reports of menopausal sta-

tus in questionnaires. Similar to our self-report data, they found a

2.1% incidence of nonsurgical premature menopause.9 Hence, self-

reports of menopausal status per se, may lead to a gross underesti-

mation of POI. Further, if the absence of menstruation is used as a

definition for menopause, pregnant or lactating women and women

with hormonally induced amenorrhea should be identified and

excluded from the menopausal group. In our study, self-reported

ERT together with a review of present medications was considered a

reliable definition. In sum, although we defined POI somewhat dif-

ferently compared to previous studies, as the need of ERT and/or

induced puberty, the prevalence rates were comparable to earlier

studies, particularly when considering the younger median age of

our study participants. In Sweden, health care is free, and medica-

tions subsidized. Hence, all women with a clinical indication for

induced puberty or ERT can be assumed to have received the treat-

ments, which further supports their use as a definition of POI in a

Scandinavian setting.

Since estrogen deficiency is known to have significant conse-

quences on bone density, cardiovascular health, physical fitness and

quality of life,4,5 POI and the need of ERT can potentially affect self-

reported distress. In future survey studies, estrogen deficiency is an

important variable to take into account when assessing, for example,

quality of life and physical fitness. Moreover, we identified that almost

half of the survivors with ERT needed one or more additional hor-

mone therapies, possibly further increasing the burden of late

sequelae. Similarly, Netterlid et al (2021) recently reported higher

numbers of other hormonal replacement therapies in survivors with

POI. In our study, ERT together with two or more hormone deficien-

cies was seen especially after a diagnosis of high-grade CNS tumor,

treatment with CNS irradiation or HSCT. ERT was also more common

in survivors who had undergone relapse therapy or a second malig-

nancy, reflecting increased treatment burden.

Concerning the chance of pregnancy, fertility is on group-level

lower in survivors of childhood cancer compared to controls.7,17 In

the present national population, 47% of the childhood cancer survi-

vors had tried to conceive. Of these, 25% had undergone fertility

investigations. Finally, 72% of those survivors who had tried to con-

ceive had been able to successfully give birth to a biological child.

Highest percentage of biological children was seen in survivors of his-

tiocytosis, nonhigh stage lymphoma or renal tumors, germ cell and

gonadal tumors and survivors who have undergone the least intensive

treatments. In a diagnostically similar population of childhood cancer

survivors in the Netherlands, the DCOG LATER-VEVO study, similar

frequencies were reported; 44% had tried to become pregnant and

82% managed to become pregnant, irrespective of the outcome of

the pregnancy.7 However, van Dijk et al observed that survivors, com-

pared to controls, were younger at their first pregnancy, which may

mitigate the effect of treatment and be a consequence of fertility edu-

cation due to cancer treatments.7 Younger age at the birth of their

firstborn has also been observed in a population-based study of repro-

ductive patterns in childhood cancer survivors in Sweden.18 Due to

their lower fertility rates, this is particularly important for women who

develop subsequent need of ERT.3

Based on the current findings, HSCT is the strongest predictor of

POI and the need of fertility investigations. Our study had a much

higher number of patients who had undergone HSCT compared to

the St Jude Lifetime or Childhood Cancer Survivors Studies,2,3 but

more comparable to the study by Netterlid et al.5 This reflects differ-

ences in the distribution of diagnoses between the cohorts as well as

the more recent treatment era of the participants in the present study

when HSCT has been increasingly used. Although conventional treat-

ments have improved, HSCT remains the only curative therapy in

many severe hematological cancers. This result may also reflect the

awareness of fertility-related issues after HSCT, as a high number of

referrals to infertility investigations in survivors treated with HCST

was observed in our study. Although a strikingly low number of

females who had undergone HSCT had a biological child (17%),

attempting pregnancy and having a biological child were in the regres-

sion analyses more strongly associated with the ability to find a part-

ner and older age at study than therapy intensity. This observation

reflects the multitude of bio-psycho-social factors associated with

partnering and having children. The importance of being able to form

long-lasting relationships for the chance of pregnancy is clinically sig-

nificant considering that previous reports have found cancer survivors

to be less likely to partner in adulthood.11,19

Further, females who had received chemotherapy, local irradia-

tion to the abdomen or CNS and who were older at the time of diag-

nosis were at increased risk of POI. These findings are well in line

with the harmonized recommendations for surveillance of pubertal

development, POI and/or counseling about fertility preservation in

females who have received alkylating agents, HSCT and/or radiother-

apy potentially exposing the ovaries or CNS.20,21 In the present study

a local abdominal irradiation dose of 24 to 36 Gy predicted the need

8 HAAVISTO ET AL.
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of induced puberty. A similar cutoff of 20 to 35 Gy has earlier been

described with a 22% fertility deficit in female survivors of childhood

cancer.22 In the ROC analyses, the abdominal irradiation dose possibly

affecting the gonads only predicted the risk for induced puberty but

not the need of ERT before the age of 40 years. This is in line with

the recent report by Clark et al (2020) who stated that predicting pre-

mature menopause is more challenging than predicting AOF due to

the added aspect of time.2

Due to a lack of research, no recommendations regarding the risk

of POI were given by the International Late Effects of Childhood Can-

cer Guideline Harmonization Group for females who have undergone

unilateral oophorectomy.20 In a later recommendation, low-quality

evidence for an increased risk of POI was presented.21 The research

findings are mixed; some studies have not associated unilateral

oophorectomy with an increased risk of POI,3,4 while in a study of

older survivors (median age 36 years), females with unilateral oopho-

rectomy developed POI 7 years earlier than other survivors.9 In the

present study, survivors of oophorectomy did not appear to have

higher frequencies of POI or fertility issues. Hence, qualitatively it

seems like survivors who had undergone unilateral oophorectomy had

good outcomes in young adulthood. However, more research with

longer follow-up times is needed. Similarly, survivors of low-grade

CNS tumors had good endocrine and fertility outcomes, indicating

that their risk of ovarian insufficiency is low. This notion is important

as these patients have most often been excluded in previous stud-

ies2-4,22 and may not receive follow up at the child oncology

departments.

4.1 | Methodological considerations

Our study presents a large national sample with a high response rate.

No systematic response bias was detected, and, hence, the sample

seems representative for the population. However, self-reports were

in some cases observed not to be reliable. Some survivors mixed up

medications and the indications for these medications, or menstrual

cycle and bleeding for cyclic ERT, leading to contradictory informa-

tion. Since comprehensive information was available, data could in

these cases be corrected. In future survey studies, study-specific

questions need to be constructed in a very precise manner taking this

into account. Moreover, the study lacked laboratory data to confirm

menopausal status.

Due to the cross-sectional design, timing of the outcome vari-

ables could not be assessed. Moreover, since the sample consists of

young adults many have not yet tried to conceive a child. However,

the desire of the survivors to become pregnant was known. Hence,

only females who had stated that they had tried to conceive were

included in analyses concerning infertility investigations and having a

biological child.

Concerning the treatment variables used, large registry data was

available. Nevertheless, we did not have information on which

patients treated with HSCT had received TBI. Hence, we could not

analyze the effect of TBI based conditioning regimens compared to

non-TBI based regimens. All irradiation variables were presented as

local irradiation only. Further, specific doses for alkylating agents were

not available in the National Quality Registry for Childhood Cancer.

Hence, drug- or dose-specific risks could not be assessed. However,

based on the available data survivors could be categorized into four

different groups based on the intensity of treatment.

5 | CONCLUSIONS

We present a cross-sectional overview of ovarian function in a

population-based cohort of young adult survivors of childhood cancer

treated during the recent decades. In all, 95% of the survivors had a

spontaneous menarche despite having undergone cancer treatment

and the majority of survivors who had attempted pregnancy had suc-

cessfully mothered a biological child. The risk of subfertility and early

menopause was associated with a higher treatment burden, particu-

larly HSCT or irradiation exposing the ovaries, and with postpubertal

age at the time of diagnosis. At particular risk were survivors after

myeloid leukemia, high-stage neuroblastoma or renal tumors, and a

second cancer. On the other hand, females with mild to moderate

treatment regimens had reassuring endocrine and fertility outcomes.

The present overview will help clinicians to counsel female childhood

cancer patients and their families about the possible need for ovarian

hormone replacement and subfertility after completion of cancer

therapy.
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