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Purpose  Childhood cancer survivors (CCSs) are at risk for premature ovarian insufficiency (POI). The aim of this study is to evaluate 
ovarian function and associated health outcomes in female adolescent and young adult survivors of childhood cancer.  
Materials and Methods  Sixty-nine female CCSs were enrolled. Medical records of CCSs were retrospectively reviewed. The subjects 
were categorized into three groups according to follicular stimulating hormone (FSH) levels (cutoff, 12, 40 IU/L). Anti-müllerian hor-
mone (AMH) level less than 1 ng/mL was considered low AMH level.
Results  Of 69 subjects, 14 (20.3%) had POI and 14 (20.3%) had FSH levels between 12 and 40 IU/L. Forty-one of 69 (59.4%) 
had normal FSH levels. Pelvic irradiation and stem cell transplantation (SCT) were more frequently performed in subjects with POI 
(p=0.001 and p < 0.001). AMH levels were remarkably low when FSH levels were over 12 IU/L (p < 0.001). In multivariate analysis, 
cyclophosphamide equivalent dose and SCT were significant treatment factors for developing low AMH levels (p=0.005 and p=0.002, 
respectively). Total, low-density lipoprotein cholesterol and triglyceride were significantly different in three groups according to FSH 
levels (p=0.047, p=0.030, and p=0.045). Z-score of femur neck bone mineral density was significantly reduced when FSH levels were 
increased (p=0.011).
Conclusion  Gonadal dysfunction is common in CCSs. Gonadal function was associated with a few treatment factors known to  
increase the risk of POI. Regular monitoring of gonadal function is needed for better health outcomes.
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Introduction

Childhood cancer survivors (CCSs) are at risk for impair-
ment of gonadal function and infertility [1]. Pubertal devel-
opment and progression should be monitored in adolescents 
of childhood cancer. Delayed puberty or stalled pubertal  
development could be signs of gonadal defect in adolescence 
[2]. Furthermore, gonadal and sexual function of young adult 
survivors of childhood cancer should be regularly evaluated 
because premature ovarian insufficiency (POI) can occur. 
POI is defined by persistent amenorrhea with elevated gon-
adotropin levels in duration occurring 5 years after diagnosis 
and before age of 40 [3]. Permanent loss of ovarian function 
within 5 years of cancer diagnosis is regarded as acute ovar-
ian failure [4].

Children’s oncology group (COG) guideline recommends 
checking follicular stimulating hormone (FSH) and estradiol 
for patients suggestive of POI or desire information about 
potential for future fertility [5]. FSH is specific and sensitive 
to evaluate gonadal function as a screening tool of POI in 
female CCSs because defective ovaries can lead to increased 
serum gonadotropin levels [1]. However, the concentration 

of FSH varies depending on the period of menstruation. FSH 
might not be increased high enough in spite of gonadal dys-
function due to disruption of the hypothalamic-pituitary-
ovarian axis after cranial irradiation.

Anti-müllerian hormone (AMH) is produced in granulosa 
cells of developing antral follicles. AMH regulates domi-
nant follicle selection by decreasing the sensitivity of antral 
follicles to FSH [6]. Measuring AMH is of importance for 
evaluating ovarian reserve in adult women, especially when 
decreased future fertility is suspected. So far, age-specific 
reference values of AMH in adolescents and young adults 
(AYA) less than 25 years are not well established yet. Nev-
ertheless, recent studies have reported that AMH levels 
have a peak after birth during mini-puberty followed by a 
decline [7,8]. A linear increase of AMH has been noted from 
4 years to 8 years. Relatively steady concentrations of AMH 
have been observed from 8 years to 25 years, enabling us to  
expand the role of AMH in pediatric fields [7-9]. COG guide-
line also recommends consideration of AMH in patients 
treated with gonadotoxic treatments to assess for diminished 
ovarian reserve [5]. However, data of AMH concentrations in 
CCSs are limited [10,11]. Furthermore, POI is associated with 
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increased cardiovascular disease risk and bone mineral den-
sity (BMD) is also liked with hypogonadism in general popu-
lation [12,13]. So far, there has been no comprehensive study 
regarding gonadal function and associated health problems 
of CCSs in Korea. Thus, the aim of this study was to inves-
tigate gonadal function in CCSs and to evaluate health out-
comes associated with gonadal function.

Materials and Methods

1. Subjects
Sixty-nine female CCSs who visited our out-patient clinic 

between August 2016 and July 2022 were enrolled. These 
subjects were diagnosed with cancer less than 20 years of 
age. Cancer therapy was completed at least 1 year prior to 
the last follow-up. They were treated with chemotherapeu-
tic agent, surgery, and radiotherapy at the National Cancer 
Center. Subjects whose age was less than 15 years at the last 
follow-up were excluded from this study. Their baseline 
characteristics are shown in Table 1. Their mean age at diag- 
nosis was 12.4±4.4 years (range, 0.4 to 19.8 years). Their  
median follow-up period was 10.8 years (range, 1 to 16.5 
years). Their mean age at last follow-up was 24.0±4.7 years 
(range, 15.2 to 33.8 years). Diagnoses included leukemia, 
lymphoma, central nervous system (CNS) tumor, embryo-
nal tumor, bone and soft tissue sarcoma, and ovarian tumor. 
Among survivors with CNS tumor, subjects with hypogon-
adotropic hypogonadism were ruled out from this study. 
Amenorrheic patients with normal FSH levels resulting from 
intracranial (midline) germ cell tumor were considered as 
having hypogonadotropic hypogonadism.

2. Methods
Medical records were retrospectively reviewed to obtain 

demographic and medical characteristics of CCSs. Endocrin-
ologic evaluation such as thyroid function, sex hormones, and 
lipid profile were performed at the end of treatment, and usu-
ally, annually thereafter at the National Cancer Center. Gon-
adotropin releasing hormone agonist (GnRH agonist) was 
used during chemotherapy in female subjects who presented 
secondary sexual characteristics such as breast development, 
pubertal hair with sexual maturity rating (Tanner stages) 2 
or more at diagnosis. The results of laboratory test (lutein-
izing hormone [LH], FSH) used in this study were conducted 
at least one year after completion of therapy and before sex 
hormone replacement therapy (HRT). Pubertal status, men-
struation history, treatment history, and laboratory findings 
were obtained. Subjects were categorized into three groups 
with two serum FSH cutoff levels of 12 and 40 IU/L. FSH lev-
els beyond 12 IU/L were regarded as abnormal [14]. Among 

subjects with FSH levels over 40 IU/L, absence of menstrual 
cycle at least 1 year after completion of cancer therapy was 
defined as POI in this study [15]. HRT was recommended 
and initiated in subjects with POI. HRT was transiently  
applied in some patients with secondary amenorrhea and 

Table 1.  Baseline characteristics

 No. (%) (n=69)

Diagnosis
    Leukemia 18 (26.1)
    Lymphoma 4 (5.8)
    CNS tumor 6 (8.7)
    Embryonal tumor 1 (1.5)
    Bone and soft tissue sarcoma 19 (27.5)
    Ovarian tumor 21 (30.4)
Age at diagnosis (yr) 
    Mean±SD 12.4±4.4
    Median (min-max) 13.1 (0.4-19.8)
Follow-up period (yr) 
    Median (min-max) 10.8 (1-16.5)
BMI (kg/m2) 
    Mean±SD 22.02±3.49
    Median (min-max) 21.6 (14.9-31.3)
CED (mg/m2) 
    ≤ 8,000 31 (44.9)
    > 8,000 38 (55.1)
GnRH agonist 
    No 38 (55.1)
    Yes 31 (44.9)
Surgery  
    No 22 (31.9)
    Yes 47 (68.1)
Radiotherapy 
    No 48 (69.6)
    Yes 21 (30.4)
    Pelvis or total body irradiation 9 (13.0)
SCT 
    No 53 (76.8)
    Yes 16 (23.2)
    Allo(total body irradiation)/Auto 9 (5)/7
LH (IU/L) 
    Median (min-max) 10.1 (1.4-88)
FSH (IU/L) 
    Median (min-max) 8.5 (1.4-138.5)
AMH (ng/mL) 
    Median (min-max) 1.65 (0.02-12.5)

AMH, anti-müllerian hormone; BMI, body mass index; CED,  
cyclophosphamide equivalent dose; CNS, central nervous sys-
tem; FSH, follicular stimulation hormone; GnRH, gonadotropin 
releasing hormone; LH, luteinizing hormone; SCT, stem cell 
transplantation; SD, standard deviation.
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levels of FSH between 12 and 40 IU/L according to the opin-
ion of gynecologist.

Serum AMH level of less than 1 ng/mL was considered a 
low AMH level. Levels of LH and FSH were measured us-
ing a chemiluminescent immunoassay (ADVIA Centaur XP, 
Siemens, Erlangen, Germany). AMH levels were measured  
using an electrochemiluminescent immunoassay (Cobas 
8000, Roche, Basel, Swiss). Total, high-density lipoprotein, 
and low-density lipoprotein (LDL) cholesterol levels were 
measured by enzymatic colorimetric methods using standard 
laboratory procedures (TBA-2000FR, Toshiba, Tokyo, Japan). 
Cumulative alkylating agents dose was calculated using 
the following equation [16]: cyclophosphamide equivalent 
dose (CED) (mg/m2)=1.0 (cumulative cyclophosphamide 
dose [mg/m2])+0.244 (cumulative ifosfamide dose [mg/
m2])+0.857(cumulative procarbazine dose [mg/m2])+14.286 
(cumulative chlorambucil dose [mg/m2])+15.0 (cumulative 
BCNU dose [mg/m2])+16.0 (cumulative CCNU dose [mg/
m2])+40 (cumulative melphalan dose [mg/m2])+50 (cumu-
lative Thio-TEPA  dose [mg/m2])+100 (cumulative nitrogen 
mustard dose [mg/m2])+8.823 (cumulative busulfan dose 
[mg/m2]). BMD of the lumbar spine and femur was meas-
ured by dual energy X-ray absorptiometry (DXA; Horizon 
W, Hologic, Bedford, MA). BMD Z-score was calculated  
using Korean National Health and Nutrition Examination 
Survey (KNHANES) data [17].

3. Statistical analysis
All statistical analyses were performed using R Founda-

tion for Statistical Computing ver. 4.1.2 (R Core Team (2021), 
R: A language and environment for statistical computing, 
Vienna, Austria). Kruskal Wallis test was performed to com-

pare parameters including AMH levels among three groups 
according to FSH levels. Independent t test was used to com-
pare data of age at diagnosis and body mass index (BMI) 
between two groups. Chi-squared test and Fisher’s exact 
test were used to analyze variables in groups according to 
FSH and AMH levels. Risk factors associated with low AMH 
levels were evaluated using logistic regression. Correlations 
between gonadotropin (FSH and LH), and AMH were ana-
lyzed using Pearson correlation. Paired t test was used to 
compare two AMH levels in the same patient. A p-value of 
less than 0.05 was considered statistically significant.

Results

1. Gonadal function of subjects
Median AMH level of subjects was 1.65 ng/mL (range, 

0.02 to 12.5 ng/mL), which was measured at the age of 15-33 
years (Table 1). Mean FSH concentrations of the three groups 
were 6.8±2.2, 20.7±7.9, and 88.7±26.3 IU/L, respectively. Of 
69 subjects, 14 (20.3%) had POI, 14 (20.3%) had FSH levels  
between 12 and 40 IU/L. Forty-one of 69 subjects (59.4%) 
with normal FSH levels had less CED compared to the rest 
28 subjects with abnormal FSH levels (p=0.008). Mean AMH 
levels in the three groups according to the FSH level were 
4.1±3.0, 0.48±0.58, and 0.03±0.03 ng/mL, respectively (p < 
0.001) (Fig. 1). All subjects with POI and 11 out of 14 patients 
(78.6%) with FSH levels between 12 and 40 IU/L had low 
AMH levels, whereas only three of 41 subjects (7.3%) with 
normal FSH levels had low AMH levels (p < 0.001) (Table 2). 
Six (42.9%) and 11 (78.6%) subjects of 14 with POI were treat-
ed with radiotherapy (pelvis or total body irradiation [TBI]) 
and stem cell transplantation (SCT), respectively (p=0.001 
and p < 0.001, respectively) (Table 2). Three out of 14 with 
FSH levels between 12 and 40 IU/L had secondary amenor-
rhea. AMH levels were 0.4, 0.02, and 0.03 ng/mL in the three 
patients with secondary amenorrhea. Among 14 subjects 
with low AMH level and FSH below 40 IU/L, 13 subjects 
received more than 8,000 mg/m2 of CED of alkylating agents 
and three patients were treated with pelvic radiotherapy.

GnRH agonist was used in 31 of 69 patients. The mean age 
of patients with GnRH agonist was 15.2±2.4 years, while the 
mean age of patients without GnRH agonist was 10.1±4.4 
(p < 0.001). The portion of patient with GnRH agonist was 
lower in subjects with POI than the other patients (p=0.037) 
(Table 2).

Of 21 CCSs with ovarian tumors, one patient had granu-
losa cell tumor and the rest of them had germ cell tumors. 
The mean AMH level was 3.53±3.11 ng/mL for those with 
ovarian tumors. Other patients had a mean AMH level of 
2.10±2.91 ng/mL (p=0.083). Subjects with ovarian tumors 
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Fig. 1.  Levels of anti-müllerian hormone (AMH) in three groups 
according to levels of follicular stimulating hormone (FSH). Sub-
jects with FSH levels less than 12 IU/L showed significantly high 
AMH levels.
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were treated with less dose of CED than other patients  
(p < 0.001). No ovarian tumor patient underwent SCT or  
radiotherapy. Five of 21 ovarian tumors had FSH levels over 
12 IU/L and 5 of 21 had low AMH levels. Only one patient 
received bilateral oophorectomy due to tumor recurrence, 
leading to POI and low AMH level (FSH, 75.2 IU/L; AMH, 
0.08 ng/mL) and necessitating HRT. AMH levels were neg-
atively correlated with LH (r=–0.3777, p=0.002) and FSH  
(r=–0.4679, p < 0.001) concentrations in 69 subjects (Fig. 2).

2. Risk factors for low AMH levels and follow-up AMH 
levels

Predictive factors for low AMH level were analyzed.  
Results are shown in Table 3. Age at diagnosis was not a 
significant risk factor for low AMH level in this study. CED,  
radiotherapy (pelvis or TBI), and SCT were significant pre-
dictive factors (odds ratios, 5.729, 16.0, and 19.5; p=0.002, 
p=0.011, and p < 0.001, respectively) in univariate analysis 
(Table 3). In multivariate analysis, CED and SCT were sig-
nificant treatment factors for developing low AMH level 

Table 2.  Clinical characteristics and the AMH concentrations according to gonadal function

	 FSH	<	12	IU/L	(n=41)	 12	≤	FSH	<	40	IU/L	(n=14)	 FSH	≥	40	IU/L	(n=14)	 p-value

Age at diagnosis (yr) 12.0±4.3 13.9±4.8 12.0±4.2 0.336
Age at diagnosis (yr) 12.0±4.3 13.9±4.8 12.0±4.2 0.336
Follow-up period (yr)   9.9±4.2 10.5±4.8   9.0±5.3 0.689
BMI (kg/m2) 21.8±3.6 22.9±3.4 21.9±3.2 0.576
CED (≥ 8,000 mg/m2) 23 (56.1) 3 (21.4) 5 (35.7) 0.054
GnRH agonist 18 (43.9) 10 (71.4) 3 (21.4) 0.037
Surgery 30 (73.2) 9 (64.3) 8 (57.1) 0.454
Oophorectomy 16 (39.0) 3 (21.4) 2 (14.3) 0.180
Radiotherapy (pelvis or TBI) 1 (0.02) 2 (14.3) 6 (42.9) 0.001
Stem cell transplantation 2 (0.05) 3 (21.4) 11 (78.6) < 0.001
Low AMH (< 1 ng/mL) 3 (7.3) 11 (78.6) 14 (100) < 0.001
LH (IU/L)   7.9±5.4 10.5±5.4 52.7±20.3 < 0.001
FSH (IU/L)   6.8±2.2 20.7±7.9 88.7±26.3 < 0.001
AMH (ng/mL)   4.1±3.0   0.48±0.58 0.03±0.03 < 0.001
Age of AMH measurement (yr) 20.7±4.0 22.6±3.9 20.4±5.3 0.301
Amenorrhea or sex hormone replacement 0 ( 3 ( 14 ( < 0.001

Values are presented as mean±SD or number (%). AMH, anti-müllerian hormone; BMI, body mass index; CED, cyclophosphamide equiva-
lent dose; FSH, follicular stimulating hormone; GnRH, gonadotropin; LH, luteinizing hormone; SD, standard deviation; TBI, total body 
irradiation.
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Fig. 2.  Correlation between anti-müllerian hormone (AMH) and gonadotropin levels. (A) Luteinizing hormone (LH) levels were nega-
tively associated with AMH levels. (B) Follicular stimulating hormone (FSH) levels were negatively associated with AMH levels.
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(p=0.005 and p=0.002, respectively).
Follow-up AMH levels were measured for only 31 subjects. 

Mean AMH levels of 31 CCSs at age of 18.0 and 22.6 years 
were 2.16±3.44 and 2.80±3.61 ng/mL (p=0.076), respectively. 
Thirty-one CCSs were classified into two groups (low AMH 
vs. the others). AMH levels below 1 ng/mL at the last follow-
up was defined as low AMH. Of 15 subjects with low AMH 
levels, the mean concentrations of AMH were 0.17±0.23 and 

0.18±0.28 ng/mL at the age of 18.1±3.2 and 22.5±5.1 years, 
respectively (p=0.446) (Fig. 3). Of the rest 16 subjects, mean 
concentrations of AMH were 4.27±3.99 and 5.59±3.42 ng/mL 
at 17.9±2.4 and 22.8±3.6 years of age, respectively, indicating 
an increasing trend of AMH level over time (p < 0.001) (Fig. 
3).

3.	Lipid	profile	and	BMD	according	to	gonadal	function
Lipid profile and BMD of the three groups according to 

FSH levels are shown in Table 4. The results of lipid profile 
were obtained in 68 of 69 subjects. Of three groups, BMI 
levels were not significantly different (p=0.576). Total and 
LDL cholesterols were significantly different in three groups  
according to FSH levels (p=0.047, p=0.030). Triglyceride were 
elevated in groups with FSH levels over 12 IU/L (p=0.045). 
DXA was performed in all subjects (n=14) with POI. Thirty-
three of 41 patients with FSH levels below 12 IU/L under-
went DXA. And DXA was done in nine of 14 patients with 
FSH levels between 12 and 40 IU/L. Z-score of femur neck 
was significantly reduced when FSH levels are increased 
(p=0.011). In addition, Z-score of lumbar-spine tended to be 
decreased in groups with higher FSH levels (p=0.081).

Discussion

There are increasing numbers of CCSs since survival rates 
are increasing and exceeding 80% in the developed country, 
necessitating after care for complications of cancer treatments 
[18]. Surveillance of cancer survivors enables early detection 

Table 3.  Risk factors associated with low AMH levels

                               Low AMH level (< 1 ng/mL)                      Univariable                         Multivariable

 No (n=41) Yes (n=28) OR (95% CI) p-value OR (95% CI) p-value

Age at diagnosis (yr) 12.19±4.39 12.67±4.48 1.026 (0.918-1.147) 0.650 - -
BMI (kg/m2)   21.7±3.72   22.5±3.12 1.070 (0.930-1.230) 0.345 - -
CED (mg/m2)      
    ≤ 8,000 25 (61.0) 6 (21.4) 1 (  1 ( 
    > 8,000 16 (39.0) 22 (78.6) 5.729 (1.908-17.200) 0.002 10.160 (2.054-50.268) 0.005 
GnRH agonist      
    No 21 (51.2) 17 (60.7) 1 (  - 
    Yes 20 (48.8) 11 (39.3) 0.679 (0.256-1.801) 0.437 - -
Radiotherapy      
    No 40 (97.6) 20 (71.4) 1 (  1 ( 
    Yes 1 (2.4) 8 (28.6) 16.000 (1.869-136.951) 0.011 3.042 (0.272-34.040) 0.367 
SCT      
    No 39 (95.1) 14 (50.0) 1 (  1 ( 
    Yes 2 (4.9) 14 (50.0) 19.500 (3.927-96.826) < 0.001 26.604 (3.392-208.642) 0.002 

Values are presented as mean±SD or number (%). AMH, anti-müllerian hormone; BMI, body mass index; CED, cyclophosphamide equiva-
lent dose; CI, confidence interval; GnRH, gonadotropin; OR, odds ratio; SCT, stem cell transplantation; SD, standard deviation.
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Fig. 3.  Trends of anti-müllerian hormone (AMH) levels in two 
groups (low AMH vs. the others) according to AMH levels at 
the last follow-up. Low AMH is defined as serum AMH level 
under 1 ng/mL. AMH levels were not significantly different in 
the low AMH group, although they showed an increasing trend 
over time in the other group.
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of health issues and intervention that can improve the qual-
ity of life of CCSs [19,20]. One of the important complica-
tions of CCSs is gonadal dysfunction. Premature menopause 
was higher in CCSs compared to their siblings [21]. AMH 
is not recommended at the initial surveillance for evaluat-
ing of POI in harmonized recommendations for POI surveil-
lance in survivors of childhood, adolescent, and young adult 
cancer [22]. It has been reported that AMH might be reason-
able in survivors with age ≥ 25 years when suggested POI 
due to menstrual cycle dysfunction because low AMH level 
does not necessarily mean early menopause or infeasibility 
of spontaneous pregnancy in the future [22,23]. In addition, 
a few studies were reported regarding reference values of 
AMH, which were limited to population aged more than 20 
years in Korea [24]. On the other hand, a study about cor-
relation between ovarian function and AMH levels in Turn-
er syndrome patients has suggested that AMH could be a 
promising marker of ovarian function in AYA less than 25 
years of age [7].

The mean AMH level (1.65 ng/mL) in AYA survivors 
of childhood cancer of our study was lower than those of 
healthy population [8,24,25]. AMH levels are significantly 
different among groups categorized according to gonadal 
function using FSH. AMH levels as well as FSH are associ-
ated with cancer therapy such as CED and SCT, warrant-
ing treatment factor-based approach for surveillance of  
gonadal and reproductive function [26,27]. Patients with FSH 
level over 40 IU/L all presented with failure of spontaneous  
pubertal progression or amenorrhea, necessitating HRT for a 
long time. As for patients with FSH level below 40 IU/L, sub-
jects with low AMH levels need to be carefully monitored for 
gonadal function because FSH could rise when ovarian func-
tion gets impaired to a critical point because ovarian reserve 
reduces progressively with age. In fact, two patients with 
low AMH levels in this cohort showed elevated FSH levels 
above 20 IU/L in spite of normal serum FSH (< 12 IU/L) 
at initial work-up. In addition, partial central hypogonadism 

due to cranial radiotherapy could preclude elevation of gon-
adotropin in spite of ovarian dysfunction.

The age at diagnosis was not associated with gonadal 
function in this study, which was thought to be caused by 
the small number of subjects. In addition, administration 
of GnRH agonist during chemotherapy could reduce the  
impact of age-related factor due to ovarian protective effect 
by decreasing sensitivity of the primordial ovarian follicles 
to gonadotoxic agents. In our study, the portion of patient 
with GnRH agonist was less in subject with POI than the 
other patients, which does not prove protective effect on 
gonad of GnRH agonist. There could be some confounding 
factors when evaluating effects of GnRH agonist. Thus, there 
have been conflicting recommendations regarding GnRH 
agonists used for ovarian suppression [28]. Furthermore, a 
previous study has suggested that protective effect of young-
er age could be diminished after highly gonadotoxic treat-
ments, which is of prime importance for developing gonadal  
impairment [29]. Molecular pathophysiology of cancer treat-
ment-related ovarian toxicity has not been fully clarified. 
However, it is thought that chemotherapy accelerate folli-
cular reserve utilization as well as follicular apoptosis [30]. 
In addition, ovarian stroma could be indirectly damaged via 
ovarian vascular injury. Oxidative stress and radiosensitiv-
ity are suggested as causes of ovarian damage after radiation 
therapy [30].

This study showed longitudinal data of AMH levels 
in some AYA survivors. Follow-up AMH concentrations  
remains low in the group with initial low AMH level, indi-
cating that a rise of the AMH level due to initial recovery was 
nearly absent after highly gonadotoxic cancer treatment.

Our study has some limitations. First, it was designed with 
a small number of CCSs cohort having heterogenous diag-
noses in a single center, leading to wide range of confidence 
interval in the result of logistic regression. In addition, AMH 
concentrations before cancer treatments were not meas-
ured. Individual pretreatment AMH levels could be various,  

Table 4.  Associated health problem in terms of bone mineral density and lipid profile according to gonadal function

	 FSH	<	12	IU/L	(n=41)	 12	≤	FSH	<	40	IU/L	(n=14)	 FSH	≥	40	IU/L	(n=14)	 p-value

BMI (kg/m2) 21.8±3.6 22.9±3.4 21.9±3.2 0.576
Glucose (mg/dL) 89.7±8.05 92.3±14.78 88.8±6.76 0.601
Total cholesterol (mg/dL) 180.1±33.64 206.7±33.49 187.0±35.00 0.047
HDL cholesterol (mg/dL) 50.2±26.79 55.1±19.79 55.2±25.71 0.735
LDL cholesterol (mg/dL) 87.5±47.01 123.1±23.53 99.23±41.54 0.030
Triglyceride (mg/dL) 73.0±53.95 115.4±100.01 122.1±89.20 0.045
L-spine Z-score –0.13±1.13 –0.23±0.75 –0.89±0.97 0.081
Femur neck Z-score –0.13±1.22 –0.33±1.04 –1.28±1.05 0.011
Values are presented as mean±SD. BMI, body mass index; FSH, follicular stimulating hormone; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; L-spine, lumbar spine; SD, standard deviation.
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requiring cautious interpretation of AMH data in CCSs. In 
addition, follow-up period was various for subjects. It was 
not enough to obtain a pattern of AMH after cancer thera-
py. Gonadotropin measurement frequency and time were 
various depending on individuals during follow-up period. 
This study encompassed patients who underwent unilateral 
oophorectomy (UO) due to ovarian tumors. Data of AMH 
values after UO are limited, although it is assumed that UO 
have a negative impact on women’s ovarian reserve and fer-
tility [31]. AMH levels were not remarkably decreased in the 
near future following surgery just because patients received 
UO in our study. However, the long-term condition of gona-
dal function should be continuously investigated in CCSs 
with UO.

Late effects concerning gonadal function and fertility 
might not be sufficiently explained to some CCSs because 
cancer treatments were finished at the pediatric age. CCSs 
and parents should be adequately counselled for the assess-
ment and management of gonadal dysfunction. Risk per-
ception sometimes is discordant from laboratory-evaluated 
status although treatment factors are of utmost importance 
for developing gonadal dysfunction and infertility [32]. In 
addition, genetic susceptibility to gonadal impairment could 
be different depending on individuals after exposure to a 
similar gonadotoxic therapy [33,34].

AMH measurement could be informative for CCSs in 
clinical practice of survivorship even under 25 years of age 
with gonadotoxic therapy. Regular menstruation with nor-
mal gonadotropin level does not exclude the development of 
POI in the future. CCSs with low AMH levels especially need 
to be assessed regularly for gonadal function, which is also 
related to long-term health such as cardiovascular disease 
and BMD [12,13]. In the present study, subjects with abnor-
mal FSH levels showed elevated LDL cholesterol levels and 
have a tendency of decreased BMD although DXA was not 
conducted in some subjects. Several factors such as cancer 
itself, treatment modalities, hormonal deficiency, and cor-
ticosteroids could impact on BMD in cancer survivors [35]. 
Among those factors, sex hormone influences the growth 

and maintenance of BMD and has a role for attaining peak 
bone mass [36]. And metabolic effects regarding obesity, glu-
cose, and lipid metabolism resulting from hypogonadism 
are well known [37]. Thus, optimal timing of HRT should be  
determined depending on gonadal function monitoring. Fur-
thermore, regular monitoring of gonadal function in CCSs is 
helpful for deciding whether or when to refer to a reproduc-
tive specialist. Assisted reproduction might be necessary for 
young adult survivors who attempt pregnancy earlier than 
expected due to narrowed window of residual ovarian func-
tion.

Gonadal dysfunction is common in CCSs. A further long-
term longitudinal study on subjects of the span of ovarian 
function is required for CCSs. Evaluating gonadal function 
and appropriate medical intervention could improve the 
quality of life of CCSs as a part of long-term survivorship 
care. 

Ethical Statement
Ethics approval and consent to participation: This study was  
reviewed and approved by the Institutional Review Board (IRB) of 
the National Cancer Center, Goyang, Korea (approval number NCC 
2022-0226). The requirement of informed consent was waived by the 
IRB due to the retrospective nature of this study and anonymity of 
clinical data.

Author Contributions
Conceived and designed the analysis: Jin HY, Park HJ.
Collected the data: Jin HY.
Contributed data or analysis tools: Jin HY, Lee JA, Park M.
Performed the analysis: Jin HY.
Wrote the paper: Jin HY.

ORCID iDs
Hye Young Jin  : https://orcid.org/0000-0003-1433-3394
Hyeon Jin Park  : https://orcid.org/0000-0002-9557-3412

Conflicts	of	Interest
Conflicts of interest relevant to this article was not reported. 

1.  van Santen HM, van den Heuvel-Eibrink MM, van de Weter-
ing MD, Wallace WH. Hypogonadism in children with a pre-
vious history of cancer: endocrine management and follow-
up. Horm Res Paediatr. 2019;91:93-103.

2.  Dwyer AA, Phan-Hug F, Hauschild M, Elowe-Gruau E, Pit-
teloud N. Transition in endocrinology: hypogonadism in ado-
lescence. Eur J Endocrinol. 2015;173:R15-24.

3.  Chemaitilly W, Li Z, Krasin MJ, Brooke RJ, Wilson CL, Green 

DM, et al. Premature ovarian insufficiency in childhood can-
cer survivors: a report from the St. Jude Lifetime Cohort. J 
Clin Endocrinol Metab. 2017;102:2242-50.

4.  Clark RA, Mostoufi-Moab S, Yasui Y, Vu NK, Sklar CA, Motan 
T, et al. Predicting acute ovarian failure in female survivors 
of childhood cancer: a cohort study in the Childhood Can-
cer Survivor Study (CCSS) and the St Jude Lifetime Cohort 
(SJLIFE). Lancet Oncol. 2020;21:436-45.

References

Cancer Res Treat. 2023;55(3):992-1000

https://orcid.org/0000-0002-9557-3412
https://orcid.org/0000-0003-1433-3394


VOLUME 55 NUMBER 3 JULY 2023     999

5.  Hudson MM, Bhatia S, Casillas J, Landier W; Section On  
Hematology/Oncology, Children’s Oncology Group, Ameri-
can Society of Pediatric Hematology/Oncology. Long-term 
follow-up care for childhood, adolescent, and young adult 
cancer survivors. Pediatrics. 2021;148:e2021053127.

6.  Andersen CY, Schmidt KT, Kristensen SG, Rosendahl M, 
Byskov AG, Ernst E. Concentrations of AMH and inhibin-B in 
relation to follicular diameter in normal human small antral 
follicles. Hum Reprod. 2010;25:1282-7.

7.  Hagen CP, Aksglaede L, Sorensen K, Main KM, Boas M,  
Cleemann L, et al. Serum levels of anti-Mullerian hormone 
as a marker of ovarian function in 926 healthy females from 
birth to adulthood and in 172 Turner syndrome patients. J Clin  
Endocrinol Metab. 2010;95:5003-10.

8.  Elchuri SV, Patterson BC, Brown MR, Buchanan I, Mertens 
AC, Meacham LR. Anti-Mullerian hormone levels in Ameri-
can girls by age and race/ethnicity. J Pediatr Endocrinol  
Metab. 2015;28:189-93.

9.  Kanakatti Shankar R, Dowlut-McElroy T, Dauber A, Gomez-
Lobo V. Clinical utility of anti-Mullerian hormone in pediat-
rics. J Clin Endocrinol Metab. 2022;107:309-23.

10.  Lunsford AJ, Whelan K, McCormick K, McLaren JF. Anti-
mullerian hormone as a measure of reproductive function in  
female childhood cancer survivors. Fertil Steril. 2014;101:227-
31.

11.  Elchuri SV, Patterson BC, Brown M, Bedient C, Record E, 
Wasilewski-Masker K, et al. Low anti-Mullerian hormone in 
pediatric cancer survivors in the early years after gonadotoxic 
therapy. J Pediatr Adolesc Gynecol. 2016;29:393-9.

12.  Daan NM, Muka T, Koster MP, Roeters van Lennep JE, Lam-
balk CB, Laven JS, et al. Cardiovascular risk in women with 
premature ovarian insufficiency compared to premenopausal 
women at middle age. J Clin Endocrinol Metab. 2016;101:3306-
15.

13.  Popat VB, Calis KA, Vanderhoof VH, Cizza G, Reynolds JC, 
Sebring N, et al. Bone mineral density in estrogen-deficient 
young women. J Clin Endocrinol Metab. 2009;94:2277-83.

14.  Demeestere I, Brice P, Peccatori FA, Kentos A, Gaillard I, 
Zachee P, et al. Gonadotropin-releasing hormone agonist for 
the prevention of chemotherapy-induced ovarian failure in 
patients with lymphoma: 1-year follow-up of a prospective 
randomized trial. J Clin Oncol. 2013;31:903-9.

15.  Burger HG, Dudley EC, Hopper JL, Groome N, Guthrie JR, 
Green A, et al. Prospectively measured levels of serum fol-
licle-stimulating hormone, estradiol, and the dimeric inhib-
ins during the menopausal transition in a population-based  
cohort of women. J Clin Endocrinol Metab. 1999;84:4025-30.

16.  Green DM, Nolan VG, Goodman PJ, Whitton JA, Srivastava D, 
Leisenring WM, et al. The cyclophosphamide equivalent dose 
as an approach for quantifying alkylating agent exposure: a 
report from the Childhood Cancer Survivor Study. Pediatr 
Blood Cancer. 2014;61:53-67.

17.  Kang MJ, Hong HS, Chung SJ, Lee YA, Shin CH, Yang SW. 
Body composition and bone density reference data for Kore-
an children, adolescents, and young adults according to age 
and sex: results of the 2009-2010 Korean National Health and  

Nutrition Examination Survey (KNHANES). J Bone Miner 
Metab. 2016;34:429-39.

18.  Chow EJ, Antal Z, Constine LS, Gardner R, Wallace WH, Weil 
BR, et al. New agents, emerging late effects, and the develop-
ment of precision survivorship. J Clin Oncol. 2018;36:2231-40.

19.  Kremer LC, Mulder RL, Oeffinger KC, Bhatia S, Landier 
W, Levitt G, et al. A worldwide collaboration to harmonize 
guidelines for the long-term follow-up of childhood and 
young adult cancer survivors: a report from the International 
Late Effects of Childhood Cancer Guideline Harmonization 
Group. Pediatr Blood Cancer. 2013;60:543-9.

20.  van Dorp W, Mulder RL, Kremer LC, Hudson MM, van den 
Heuvel-Eibrink MM, van den Berg MH, et al. Recommenda-
tions for premature ovarian insufficiency surveillance for 
female survivors of childhood, adolescent, and young adult 
cancer: a report from the international late effects of child-
hood cancer guideline harmonization group in collaboration 
with the PanCareSurFup Consortium. J Clin Oncol. 2016;34: 
3440-50.

21.  Green DM, Sklar CA, Boice JD Jr, Mulvihill JJ, Whitton JA, 
Stovall M, et al. Ovarian failure and reproductive outcomes 
after childhood cancer treatment: results from the Childhood 
Cancer Survivor Study. J Clin Oncol. 2009;27:2374-81.

22.  van Dorp W, Haupt R, Anderson RA, Mulder RL, van den 
Heuvel-Eibrink MM, van Dulmen-den Broeder E, et al.  
Reproductive function and outcomes in female survivors of 
childhood, adolescent, and young adult cancer: a review. J 
Clin Oncol. 2018;36:2169-80.

23.  van der Kooi AL, van den Heuvel-Eibrink MM, van Noortwi-
jk A, Neggers SJ, Pluijm SM, van Dulmen-den Broeder E, et 
al. Longitudinal follow-up in female childhood cancer sur-
vivors: no signs of accelerated ovarian function loss. Hum  
Reprod. 2017;32:193-200.

24.  Choi R, Lee SG, Lee EH. Reference intervals of anti-Mullerian 
hormone in Korean women. J Clin Lab Anal. 2022;36:e24525.

25.  Hagen CP, Aksglaede L, Sorensen K, Mouritsen A, Andersson 
AM, Petersen JH, et al. Individual serum levels of anti-Mul-
lerian hormone in healthy girls persist through childhood 
and adolescence: a longitudinal cohort study. Hum Reprod. 
2012;27:861-6.

26.  Anderson RA, Mitchell RT, Kelsey TW, Spears N, Telfer EE, 
Wallace WH. Cancer treatment and gonadal function: experi-
mental and established strategies for fertility preservation 
in children and young adults. Lancet Diabetes Endocrinol. 
2015;3:556-67.

27.  Thomas-Teinturier C, El Fayech C, Oberlin O, Pacquement H, 
Haddy N, Labbe M, et al. Age at menopause and its influenc-
ing factors in a cohort of survivors of childhood cancer: earlier 
but rarely premature. Hum Reprod. 2013;28:488-95.

28.  Oktay K, Harvey BE, Partridge AH, Quinn GP, Reinecke J, 
Taylor HS, et al. Fertility preservation in patients with can-
cer: ASCO clinical practice guideline update. J Clin Oncol. 
2018;36:1994-2001.

29.  Su HI, Kwan B, Whitcomb BW, Shliakhsitsava K, Dietz AC, 
Stark SS, et al. Modeling variation in the reproductive lifes-
pan of female adolescent and young adult cancer survivors 

Hye Young Jin, Gonadal Function in Female Childhood Cancer Survivors



1000     CANCER  RESEARCH  AND  TREATMENT

using AMH. J Clin Endocrinol Metab. 2020;105:2740-51.
30.  Kim S, Kim SW, Han SJ, Lee S, Park HT, Song JY, et al.  

Molecular mechanism and prevention strategy of chemother-
apy- and radiotherapy-induced ovarian damage. Int J Mol Sci. 
2021;22:7484.

31.  Younis JS, Naoum I, Salem N, Perlitz Y, Izhaki I. The impact 
of unilateral oophorectomy on ovarian reserve in assisted 
reproduction: a systematic review and meta-analysis. BJOG. 
2018;125:26-35.

32.  Lehmann V, Chemaitilly W, Lu L, Green DM, Kutteh WH, 
Brinkman TM, et al. Gonadal functioning and perceptions of 
infertility risk among adult survivors of childhood cancer: a 
report from the St Jude Lifetime Cohort Study. J Clin Oncol. 
2019;37:893-902.

33.  van der Perk ME, Broer L, Yasui Y, Robison LL, Hudson MM, 
Laven JSE, et al. Effect of genetic variation in CYP450 on  
gonadal impairment in a European cohort of female child-

hood cancer survivors, based on a candidate gene approach: 
results from the PanCareLIFE Study. Cancers (Basel). 2021;13: 
4598.

34.  van der Kooi AL, Clemens E, Broer L, Zolk O, Byrne J, Camp-
bell H, et al. Genetic variation in gonadal impairment in  
female survivors of childhood cancer: a PanCareLIFE study 
protocol. BMC Cancer. 2018;18:930.

35.  Jin HY, Lee JA. Low bone mineral density in children and 
adolescents with cancer. Ann Pediatr Endocrinol Metab. 2020; 
25:137-44.

36.  Almeida M, Laurent MR, Dubois V, Claessens F, O’Brien CA, 
Bouillon R, et al. Estrogens and androgens in skeletal physiol-
ogy and pathophysiology. Physiol Rev. 2017;97:135-87.

37.  Fahed AC, Gholmieh JM, Azar ST. Connecting the lines bet-
ween hypogonadism and atherosclerosis. Int J Endocrinol. 
2012;2012:793953.

Cancer Res Treat. 2023;55(3):992-1000




