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ABSTRACT
Background: Gonadal dysfunction is one of the major late complications after cancer diagnosis and
treatment. The best markers of ovarian reserve in clinical practice are antral follicle count (AFC) and
ovarian volume. We aimed to study the prevalence of premature ovarian insufficiency (POI) and evalu-
ate anti-M€ullerian hormone (AMH) and other serum markers for ovarian function in adult women who
were childhood cancer survivors (CCS) in comparison with a control group.
Material and methods: Altogether, 167 female CCS were compared to 164 matched controls.
Prevalence of POI was documented and serum levels of AMH, inhibin B, follicle stimulating hormone
(FSH), and estradiol (E2) were compared with AFC and ovarian volume.
Results: POI was reported in 22 (13%) of the CCS and in none of the controls. Serum levels of AMH,
inhibin B, and FSH, but not E2, correlated significantly with AFC and ovarian volume; AMH showed the
highest correlation. There was no difference between CCS and controls regarding the different serum
markers as measured by linear regression analysis. ROC curve AUC for primary POI showed the highest
values for AMH (0.930) and AFC (0.944). For AFC <10, ROC curve AUC showed highest value for AMH
for CCS (0.866) and controls (0.878). In a subgroup of female CCS <40 years (n¼ 120), the results
were similar.
Conclusion: We found POI in 13% among CCS, slightly more than in other studies. Serum levels of
AMH, inhibin B, and FSH correlated significantly with AFC and ovarian volume, and no difference was
noted between CCS and controls. AMH was the most reliable serum marker for ovarian function in
terms of POI and low AFC.

Abbreviations: AFC: antral follicle count; AMH: anti-M€ullerian hormone; AUC: area under curve; ROC:
Receiving Operating Characteristics curve; CI: confidence interval; CCS: childhood cancer survivors; E2:
estradiol; FSH: follicle stimulating hormone; HRT: hormone replacement therapy; HSCT: hematopoietic
stem cell transplantation; OC: oral contraceptives; POI: premature ovarian insufficiency
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Introduction

Cancer treatment during childhood is known to increase the
risk of damage to the ovaries with subsequent loss of follicu-
lar reserve. Studies have shown that alkylating agents and
direct irradiation are the most toxic treatments to the ovaries
[1,2] although the exact toxic doses or combinations of che-
motherapeutic drugs remain undefined. A potential side
effect in female cancer survivors is accelerated follicle loss
with impaired ovarian function appearing either as absent
puberty or premature menopause [3]. The term premature
ovarian insufficiency (POI) is a clinical diagnosis defined as
loss of ovarian function before age of 40 years. It is charac-
terized by menstrual disturbances, amenorrhea or oligome-
norrhea with raised FSH and low estradiol [4,5]. Estrogen

deficiency in women increases the risk of osteoporosis, car-
diovascular diseases, and metabolic syndrome and is associ-
ated with impaired reproductive capacity [4,6]. It is therefore,
crucial to identify the women at risk of developing POI to
manage further complications.

Several methods are used in clinical practice to assess
ovarian reserve: antral follicle count (AFC), ovarian volume,
serum levels of follicle stimulating hormone (FSH), estradiol
and inhibin B [7]. FSH, estradiol and inhibin B are all part of
the feedback system, which makes their serum levels
dependent on each other [8]. The use of oral contraceptives
(OC) and hormone replacement therapy (HRT) aggravate
interpretation of FSH and sex steroids levels regarding ovar-
ian status. In addition, the ovarian function needs to be sig-
nificantly decreased for FSH to be elevated [8], which is a
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disadvantage when predicting likelihood and timing of pre-
mature menopause. Because AFC (the sum of the growing fol-
licles 2–10mm in diameters in the ovaries) appears to
correlate well with the primordial follicle pool, this method is
currently the most accurate way to predict ovarian reserve [9].
However, AFC requires a transvaginal ultrasound, an examin-
ation that young females may experience as discomfort.

Although AMH has been identified as a marker for ovarian
reserve, it is not used in follow-up programs for female child-
hood cancer survivors (CCS) [3]. In females, AMH is detectable at
birth and then increases throughout childhood and puberty
until it peaks at the age of 25 years [10]. Thereafter, the AMH
level declines steadily until menopause when it reaches
undetectable levels [11]. To date, AMH is mostly used to predict
response to in vitro fertilization therapy [12]. However, recent
studies show a decline in AMH levels in CCS when compared to
controls [13–19]. This difference indicates that AMH levels could
serve a serum marker to screen for impaired ovarian reserve.
AMH correlates well with AFC in healthy women [20], but no
studies have established whether AMH is correspondingly cor-
related to AFC in female CCS [3]. This study examines the preva-
lence of POI and also the value of AMH, inhibin B, FSH and E2 as
markers for POI and low AFC/impaired ovarian function in
female adult CCS comparedwithmatched controls.

Subject and methods

Participants

Eligible participants were recruited from the Swedish Cancer
Registry. The inclusion criteria were females treated for child-
hood cancer in southern Sweden between 1964 and 2008. In
addition, these patients were below 18 years of age at diagno-
sis and had completed treatment more than two years before
inclusion. The exclusion criteria were females with rare tumors
or with focal tumors outside of the central nervous system
treated with surgery only. Each patient was matched with a
control regarding sex, date of birth, ethnicity and smoking
habits through the Swedish Population Registry.

POI was diagnosed in those with a history of primary or
secondary amenorrhea below age 40 with subsequent estro-
gen replacement therapy in combination with very low AMH
(<0.1 ng/ml or undetectable AMH <0.023ng/ml). Because
almost all women with ovarian insufficiency took HRT at the
time of examination, estradiol and FSH could not be used to
define POI. Participants were excluded from the analyses of
FSH and estradiol if they had ongoing OC as well as other hor-
monal birth control methods including progesterone as a pill,
subcutaneous implant, or depot injection or HRT due to impact
on the hypothalamic-pituitary-gonadal axis. However, partici-
pants with an intrauterine device (IUD) (both with progester-
one and copper) were included, as it was shown that these
devices do not affect the hormonal levels in females [21].

The ovarian volumes were presented as the total volume
of both ovaries. Only the women with estimated ovarian vol-
umes on both sides were included. The same method was
applied for AFC – the sum of follicles on both sides.

To determine whether the patient cohort was representa-
tive for the total group of female cancer survivors, data on

offspring of the participants and nonparticipants were
extracted from the Swedish Multi-Generation Registry,
Statistics Sweden. From this registry, we obtained informa-
tion about the number of children of each index person. For
persons alive after 1990, this registry is almost complete with
respect to parents and offspring. The distribution of women
having 0, 1, 2, or 2þ children was 51, 14, 23 and 11% among
study patients, 53, 13, 24 and 10% among those who
declined participation, and 50, 26, 18 and 6% among those
who did not respond to the study request, respectively.

Methods

All participants were examined at the Reproductive Medicine
Center (RMC) at Skåne University Hospital Malm€o, Sweden,
between October 2010 and January 2015. The examination
included questionnaires, blood samples for hormone levels,
and physical examination including transvaginal ultrasound
for measurement of the ovaries and AFC. We analyzed serum
samples for AMH, inhibin B, FSH and 17b-estradiol (E2).
Fasting blood samples were drawn during the early follicular
phase (i.e., day 2–5 of the menstrual cycle) of the females
with a regular menstrual cycle and on any day for the partici-
pants with amenorrhea as well as participants with OC or
HRT. The blood samples were centrifuged and stored at
–20 �C until further analysis.

Serum levels of AMH and inhibin B were measured at the
Laboratory of Reproductive Biology, Copenhagen, Denmark.
AMH levels were measured using specific ultrasensitive
enzyme-linked immunosorbent assay (ELISA) kits with a detec-
tion limit of 0.023 ng/ml. All AMH values <0.023 ng/ml were
stated as 0. Inhibin B was measured using MCA1312KZZ
(Oxford Bio-Innovation Ltd., Oxfordshire, UK) with a detection
limit of 20 pg/ml, and all values <20pg/ml were stated as 0.
The plasma levels of FSH (Roche) were measured at the
Department of Clinical Chemistry, Skåne University Hospital,
Malm€o, Sweden. During the study an update in FSH methods
occurred, 56 of the female childhood cancer survivors (CCS)
had FSH values analyzed with a previous assay with a detec-
tion limit of 0.2 IU/L. All other CCS and all controls had FSH
values analyzed with the most recent assay (Roche) with a
detection limit of 0.1 IU/L. The lower detection levels and
imprecision (coefficient of variation (CV) %) for the current
and previous assay were presented in a study by Bobjer et al.
[22] in supplemental Figure 1C, Tables S1 and S2 in Appendix
S1. The conversion factor is 0.893x�0.136, where x is the pre-
vious FSH value (R2¼ 0.989). We analyzed the data with a
transformation made for 56 CCS to the most recent FSH assay.
FSH values <0.1 IU/L were stated as 0. Plasma levels of E2
(DELFIA PerkinElmer Inc.) were measured at the Department
of Clinical Chemistry, Skåne University Hospital, Malm€o,
Sweden, with a detection limit of <10pmol/L. After 1 July
2014, the method was improved with a detection limit of
3 pmol/L (LC-MSMS, NPU09357). All E2 values <10 pmol/L
were stated as 0. Intra- and inter-assay coefficients of variation
were <10% for both methods. Transvaginal ultrasound, per-
formed with BK Medical Flex Focus 500 and BK Medical Pro
Focus Scanner, was used to assess the volume of the ovaries
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as well as the antral follicle counts (follicles measuring
2–10mm in diameter) on both sides. AFC <10 was used to
define a diminished ovarian reserve [23].

Data collected from the questionnaires included age at
menarche, presence of primary or secondary amenorrhea,
use of contraceptives or estrogen substitutes and number of
pregnancies. Information about each patient’s diagnosis and
treatment protocol, alkylating agents [3], and irradiation was
collected from the Childhood Cancer Registry and BORISS
(Pediatric Oncology Registry in South Sweden). The distribu-
tion of diagnoses of childhood cancer was obtained from the
Swedish Childhood Cancer Foundation [24] to determine
whether the cohort of study participants was representative
for the entire population.

The study was approved by the Regional Ethics
Committee, Medical Faculty, Lund University, Sweden
(approval no. 523/2009). A written informed consent was
obtained from all participants before study inclusion.

Statistical analysis

All statistical analyses were performed using IBM Statistical
Package for the Social Science (SPSS) version 24. Descriptive
data were expressed as count, percentage, and mean (min-
imum-maximum). Histograms were used to investigate
whether the data were normally distributed. Continuous vari-
ables were analyzed using the independent sample t-test
and nominal variables were calculated using the Fisher’s
exact test. Correlation of the different variables was illus-
trated using scatter plots and further calculated with Pearson
correlation. For somewhat skewed data (FSH) we added
Mann-Whitney test and Spearman correlation. Linear regres-
sion was used to compare CCS and controls. Confidence
intervals (CI) were set to 95%, and p values < .05 were con-
sidered statistically significant. ROC curve analyses were also
used for evaluation of accuracy of the different test methods.

Results

Subjects

A total of 575 women were identified in the Swedish Cancer
Registry that fulfilled the inclusion criteria. Of those, 244
women were excluded, mostly due to the presence of cell
atypia and cancer in situ instead of mature cancer. In total,

331 women were eligible for the study. Representing 50% of
eligible participants, 167 female CCS with a mean age of
34.3 (19.3–57.8) years were examined. Parameters of ovarian
function were analyzed separately in those <40 years, repre-
senting a cohort of 120 CCS with a mean age of 30.0
(19.3–39.8) years.

Controls

Altogether, 167 control women were recruited. Three of the
controls dropped out after examination, resulting in a total
of 164 women with a mean age of 35.0 (19.3–58.0) years.
Ovarian parameters were analyzed separately in women <40
years, resulting in 113 controls with a mean age of 30.3
(19.3–39.9) years.

Participant characteristics

Background characteristics are shown in Table 1. The distri-
bution of childhood cancer diagnoses (Table 2) was repre-
sentative compared to the distribution of diagnoses in
Sweden for females younger than 19 years [24]. Altogether,
87 (52%) were treated with radiotherapy, 53 (32%) had cra-
nial irradiation, 34 (20%) abdominal irradiation, 16 (10%)
both cranial and abdominal irradiation, and 7 (4%) had total
body irradiation (TBI). In addition, 126 (75%) were treated
with chemotherapy and 81 (49%) with alkylating agents.
Eleven (7%) had hematopoietic stem cell transplantation
(HSCT) and in 19 (11%) only surgery was performed.

Analysis of serum markers of ovarian function
compared to AFC and ovarian volume

Serum markers AMH, inhibin B, FSH and E2 were compared
with AFC and ovarian volume. For analysis of AMH and

Table 1. Background characteristics for female childhood cancer survivors and controls.

CCS n¼ 167 Controls n¼ 164

Age at examination (yr) 34.3 (19.3–57.8) 35.0 (19.3–58.0)
Age at diagnosis (yr) 8.9 (0.1–17.9) n.a.
Time since diagnosis (yr) 25.4 (11.6–41.3) n.a.
Height (cm) 164.3 (143.0–181.5)�� 168.5 (150.0–186.4)
Weight (kg) 67.7 (41.0–125.0) 66.8 (46.6–107.2)
Mean Body mass index (kg/m2) 25.1 (16–44)�� 23.5 (18–35)
Menarche age (yr) 12.8 (9–17) 13.0 (9–19)
HRT n¼ 20 (12%)�� n¼ 0
Oral contraceptives including p-ring and systemic gestagens/progestins n¼ 48 (29%) n¼ 58 (34%)
POI n¼ 22 (13%)�� n¼ 0
Hypothalamic-pituitary-ovarian insufficiency n¼ 5 (3%) n¼ 0

Data presented as mean, range, and percent. Three patients used OC as HRT, included in both groups.
n.a: not applicable; HRT: Hormone Replacement Therapy; POI: Premature Ovarian Insufficiency.��statistically significant (p< .01 Fisher’s exact test).

Table 2. Distribution of diagnoses in the current study and for the female
cancer population younger than 19 years old in Sweden between 1984 and
2010 [24].

Diagnosis CCS n¼ 167 (%) Females <19 years in Sweden %

Leukemia 51 (30) 29
Brain tumor 39 (23) 28
Lymphoma 21 (13) 9
Sarcoma 18 (11) 9
Wilms tumor 19 (11) 6
Ovarian tumor 11 (7) 5
Other 8 (5) 14
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inhibin B, there were 166 CCS and 163 controls. FSH levels
were available in all CCS and controls, but in the final analy-
ses only those without any hormonal treatment (HRT or OC)
with the possible bias of serum levels were included, result-
ing in 102 CCS and 106 controls. E2 levels were available in
all CCS and controls, but in two survivors and three controls,
the analysis was performed with a non-sensitive method and
therefore excluded. In the final data analyses, only those
without any hormonal treatment with possible influence on
the serum levels were included – 100 CCS and 105 controls.

Altogether, 135 CCS and 157 controls had an antral follicle
cell count. In some patients, AFC could be documented
although ovarian volume was not available, mainly because
of difficulties to measure because of a dominant follicular
cyst. In 129 CCS and 155 controls, ovarian volume was docu-
mented. Six different examiners performed the transvaginal
ultrasound. Among those excluded were females with uni- or
bilateral oophorectomy, non-visualized ovaries, ovarian cysts,
or if they had not debuted sexually.

Premature ovarian insufficiency

POI was diagnosed in 22 CCS (13%). HRT as treatment was
reported in 20 (12%) of all CCS, of which five due to hypo-
thalamic/pituitary insufficiency. Of those with POI, one of 12
CCS <40 years at examination was not on any hormonal
treatment. Of the seven CCS between 40 and 50 years at
examination, four had stopped HRT and after age 50 years,
one of three CCS used HRT. No participant in the control
group reported either primary or secondary amenorrhea
before age 40 years or the use of HRT.

AMH compared with AFC and ovarian volume

The AMH mean levels in the CCS group and the controls was
2.9 ng/ml and 3.1 ng/ml (p¼ .486), respectively. Subsequently,
the AMH levels were compared with AFC and ovarian vol-
ume in the CCS and control group. The strongest correlation
was noted between AMH and AFC in the CCS group and

among controls. There were no significant differences
between the groups (Table 3 and Figure 1(a,b)).

Inhibin B compared with AFC and ovarian volume

The mean level of inhibin B was 37.7 pg/ml for the CCS and
53.2 pg/ml for the controls (p< .01). Inhibin B values corre-
lated to AFC and ovarian volume in both CCS and controls.
There were no significant differences between CCS and con-
trols (Table 3 and Figure 1(c,d)).

FSH compared with AFC and ovarian volume

Mean levels of FSH were 17.8 IU/L among CCS and 11.6 IU/L
among controls (p¼ .049, t-test), and the median levels of
FSH were 7.0 IU/L and 6.6 IU/L, respectively, among CCS and
controls (p¼ .47, Mann-Whitney test). Levels of FSH showed
a negative correlation to AFC and ovarian volume in both
CCS and controls. No difference was noted between CCS and
controls (Table 3 and Figure 1(e,f)).

E2 compared to AFC and ovarian volume

The mean serum levels of 17b estradiol in the CCS group was
185.9pmol/L and in controls 169.6pmol/L (p¼ .48). E2 showed
no correlation to either AFC or ovarian volume among both
CCS and controls. Linear regression analysis showed no differ-
ence between the two groups (Table 3) (Figure not shown).

AFC and ovarian volume

There was no difference in mean AFC in the group of CCS,
12.6 (0–47) and 14.2 (0–40) for the control group (p¼ .12). The
mean ovarian volume was 7.7 cm3 (range 0.3–21.4) in the CCS
group and 9.4 cm3 (range 0.9–36.7) in the control group
(p¼ .01). Ovarian volume correlated to AFC in the CCS and
controls (r¼ 0.528). Linear regression analysis showed no dif-
ference between the groups, although there was a tendency
for smaller ovarian volume in the CCS compared to controls
at a certain AFC (p¼ .051) (Table 3) (Figure not shown).

Table 3. Correlation between AMH, inhibin B, FSH, E2, AFC, and ovarian volume in the CCS and the control group and comparison
between the groups.

CCS n¼ 167 r Controls n¼ 164 r
Linear regression analysis

comparing CCS and controls p

AMH–AFC 0.667�� (n¼ 134) 0.630�� (n¼ 156) .136
AMH–Ovarian volume 0.433�� (n¼ 128) 0.529�� (n¼ 154) .096
Inhibin B–AFC 0.403�� (n¼ 134) 0.364�� (n¼ 156) .073
Inhibin B–Ovarian volume 0.523�� (n¼ 128) 0.469�� (n¼ 154) .333
FSH–AFC �0.444��, �0.394�� (n = 86) �0.393��, �0.520�� (n = 101) .819
FSH–Ovarian volume �0.419��, �0.291�� (n = 81) �0.288��, �0.442�� (n = 99) .870
E2–AFC �0.022 (n¼ 84) �0.041 (n¼ 99) .206
E2–Ovarian volume 0.037 (n¼ 79) 0.015 (n¼ 97) .487
AFC–Ovarian volume 0.635�� (n¼ 128) 0.528�� (n¼ 153) .051

Pearson correlation and linear regression was used. Since data for FSH was somewhat skewed, additional analysis with Spearman correl-
ation was performed for FSH-AFC and FSH-Ovarian volume. Furthermore, the data were log transformed and interaction terms were used
for linear regression analysis.
The analyses of E2 and FSH excludes those treated with estrogen.
r: Pearson’s correlation coefficient, in italics Spearman’s correlation coefficient; CCS: Childhood Cancer Survivors; AMH: Anti-Müllerian
Hormone; AFC: Antral Follicle Count; E2: 17β-estradiol; FSH: Follicle-Stimulating Hormone.
**p < .01.
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ROC curve analysis for evaluation of accuracy of
markers of ovarian function

We used the area under the ROC curve (AUC) to test
how different markers could be used in the diagnosis of pri-
mary POI. We tested AMH, inhibin B, AFC and ovarian vol-
ume. FSH and E2 could not be evaluated as there were
too few patients after excluding those who took HRT or OC.

Test accuracy is shown for primary POI among the CCS and
accuracy of diagnosing AFC <10 among both the CCS and
controls (Supplementary Table 4 and Figure 2).

Results for women below age 40 years

We also analyzed ovarian parameters in the subjects younger
than 40 years to evaluate if the inclusion of women of all

Figure 1. Comparison of serum markers and AFC and ovarian volume for CCS and controls: CCS¼�þfilled line, controls¼�þdashed line. (a) AMH–AFC; (b)
AMH–ovarian volume; (c) Inhibin B–AFC; (d) Inhibin B–ovarian volume; (e) FSH–AFC; (f) FSH–ovarian volume. See Table 3 for Pearson’s correlation results and com-
parison between the groups with linear regression analysis.

Figure 2. ROC curve analysis area under the curve (AUC). (a) Premature ovarian failure (POI) among childhood cancer survivors (CCS); (b) Antral follicle count (AFC)
<10 among CCS; (c) AFC <10 among controls. See Supplementary Table 4 for specific values
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ages influenced the results. When comparing means, there
were no difference in the AMH levels, but there were lower
mean values for inhibin B (p< .05) and ovarian volume
(p< .01) in the CCS group (data not shown). AFC was also
lower among CCS compared to controls (p< .05), but FSH
showed no difference between CCS and controls.

Correlations of the different ovarian parameters showed
the same results for all ages; the one exception was for FSH,
which did not correlate to either AFC or ovarian volume
among younger CCS (data not shown). With linear regres-
sion, there also were no differences between different ovar-
ian parameters comparing the CCS and controls in this
younger age group.

ROC curve analysis for primary POI test accuracy for AMH
was 0.977, for inhibin B 0.728, for AFC 0.984, and for ovarian
volume 0.813. ROC curve analysis for AFC <10 among CCS
showed test accuracy for AMH 0.848, for inhibin B 0.786, and
for ovarian volume 0.883. Among controls, AFC <10 test
accuracy for AMH was 0.815, for inhibin B 0.722, and for
ovarian volume 0.746. To conclude, there were no major dif-
ferences in results in this younger age group.

Discussion

To our knowledge, this is the first study that evaluates how
different serum markers correlated to AFC and ovarian vol-
ume in a group of female adult CCS and controls. We also
tested the accuracy of markers for primary POI and low AFC.
Serum levels of AMH, inhibin B and FSH correlated well with
AFC and ovarian volume both among CCS and controls, but
in women below 40 years, FSH was not reliable as many
women had ongoing treatment with HRT or OC. Estradiol did
not correlate to either AFC or ovarian volume, although it is
recommended in many follow-up programs. AMH was the
most accurate serum marker in terms of primary POI and
AFC <10 in all ages.

So far, AMH and AFC have demonstrated the best reliabil-
ity as screening tests of ovarian reserve although there is no
single test with 100% sensitivity or specificity [7,9]. AFC
requires a transvaginal ultrasound, an examination that
young females often experience as discomfort. Therefore, a
transvaginal ultrasound is unsuitable for screening. AMH has
the advantage of stability through the menstrual cycle [25]
as opposed to inhibin B, which has the highest values during
the follicular phase [26]. A rise in FSH is a late sign of dimin-
ished ovarian reserve, and estradiol levels are not considered
reliable [7].

A recent survey compared different follow-up programs
for CCS at risk for POI [3]. Besides clinical examination of
pubertal development and growth, some programs recom-
mend FSH and estradiol for the screening of primary POI,
but no program included AMH when screening for primary
POI. These programs use FSH and estradiol as the first test
for primary POI after puberty and it was suggested that AMH
might be reasonable in those >25 years who have menstrual
cycle dysfunction or need assessment of future fertility. Our
study showed the very limited value of estradiol for

surveillance but found AMH to be a valuable marker of ovar-
ian function.

In two earlier studies, we longitudinally followed AMH
before, during and after treatment for childhood cancer
[18,19]. Most girls, irrespective of age, had an immediate
decline in AMH levels after the start of treatment. In those
with transient ovarian dysfunction, an increase in AMH levels
was noted up to two years after treatment. Although AMH
may increase the first years after the end of cancer treatment
and AMH naturally increases up to age 25 years [10], follow-
ing AMH should be considered even for younger girls at risk
of ovarian dysfunction after treatment with alkylating agents
or ovarian exposure to radiation. However, more studies are
needed. According to one study, persisting low AMH levels
at least one year after completed cancer treatment is a risk
factor for delayed puberty [14]. In a clinical setting, persisting
low AMH levels several years after cancer treatment is a risk
factor for absent puberty; in these girls, puberty can be
induced at a proper time rather than waiting until there are
no signs of puberty, around the age of 13 [3].

We found POI in 13% of CCS; other studies found a POI
prevalence of 8–10.9% [2,27]. Compared to previous studies,
our CCS were slightly older at examination and the median
follow-up time was longer. These objectives might explain
the higher prevalence of POI in our cohort, which was
smaller but representative regarding childhood cancer diag-
noses. In one earlier study, the frequency of primary POI was
17% [28], but it only included patients treated with chemo-
therapy and/or radiotherapy. Our study included all eligible
patients treated for childhood cancer and the patients
treated only with surgery.

We found that all but one of the CCS with POI under age
40 years at examination received HRT. However, Chemaitilly
et al. 2017 [27] found that only one-third of childhood can-
cer survivors had ongoing estrogen replacement. The CCS
needs to be informed about the risk of POI in case of gona-
dotoxic treatment regardless of dose and/or abdominal
radiotherapy. Follow-up programs are important, but there
are still many areas where concordant programs need to
be considered.

This study has weaknesses. The data were gathered dur-
ing a five-year period causing an age discrepancy of 0–3
years between the CCS and the control women regarding
time for blood sampling. Because the matching was not
made for OC and HRT, the data were analyzed for groups
and not paired data. Six different examiners performed the
examination with transvaginal ultrasound, with probable
interindividual differences. AFC and ovarian volume was not
available in 19% and 23% of CCS compared to 4 and 5% of
controls. This emphasizes the difficulties with ultrasound
examination in the survivor group. We had no information of
laboratory results at POI diagnosis but used the definition
stated in the introduction. The study group is small, but the
examinations were thorough and from our point of view the
CCS group is representative for adult Swedish females
treated for childhood cancer.

In summary, we found POI in 13% among CCS, slightly
more than in other studies. Serum levels of AMH, inhibin B

ACTA ONCOLOGICA 223



and FSH correlated well with AFC and ovarian volume both
among CCS and controls. In women below 40 years, AMH
and inhibin B were the most reliable serum markers. AMH
showed consistent test accuracy and our study supports
AMH to be the most reliable serum marker reflecting ovarian
function after cancer treatment. The study suggests AMH as
a valuable tool in follow-up programs of female CCS at risk
of ovarian insufficiency.
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