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Abstract
Background: High survival rate of children diagnosed with cancer has led to a growing population of
women with premature ovarian failure (POF) due to chemotherapy and radiotherapy. The POF process
occurs due to the disruption of the Hypothalamic-Pituitary and gonadal axis followed by the delay of
puberty development. Evaluation of reproductive function in children with cancer is essential to determine
the fertility preservation plan. This study aimed to describe reproductive function in children and
adolescents with cancer who received chemotherapy based on Tanner stage evaluation, menstrual cycle,
and Anti-Mullerian Hormone (AMH) examination using Electrochemilumiscence Immunoassay (ECLIA)
Kit.

Result: Twenty-three girls aged 12-18 years old and had menarche who underwent cancer therapy in
January-August 2019 in Dr. Sardjito General Hospital were included in the study. Among them, 61% girls
had low AMH levels and were de�ned as Diminished Ovarian Reserve (DOR). There were two subjects
with DOR who experienced delayed puberty. Regular menstrual cycle was reported in 65.2% subjects,
while 21.7% encountered secondary amenorrhea.

Conclusion: Chemotherapy exposure impacted on DOR occurrence in 60.9% childhood and adolescence
cancer. Moreover, it also altered menstrual regularity in 34.8% and delayed on puberty development in
8.7% subjects.

Background
Children diagnosed with cancer have a 5-year survival rate of more than 80% [1]. The increased survival
rate in children with cancer has led to a growing population of women with premature ovarian failure
(POF) due to radiotherapy and chemotherapy exposure in cancer treatment [2]. POF is de�ned as
menopause occurrence before 41 years old and it is marked by increased gonadotropin level and
decreased steroid sex hormone [3]. Moreover, chemotherapy and radiotherapy exposure in childhood or
adolescence can potentially disrupt pubertal development [4]. Therefore, education and counseling
related to fertility preservation should be done in childhood cancer patients before receiving
chemotherapy and radiotherapy.

POF in female children and adolescent can be evaluated clinically based on puberty development and
menstrual history [5]. During puberty, there is growth spurt, sexual maturity, and attainment of
reproductive capacity process [6]. Puberty is initiated by the release of pulsatile GnRH causing
reactivation of the Hypothalamic-Pituitary and gonadal axis [7]. Therefore, the disruption of this axis that
occurs due to tumors, surgery, radiation, and chemotherapy, which are gonadotoxic, can cause endocrine
disturbances that lead to disruption of the puberty process [8]. This disruption of puberty can be
measured with the Tanner Staging which is used to classify the development of secondary sex
characteristics of children [9].
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Reproduction function measurements in an adult woman can be done by measuring gonadotropin,
estradiol, and progesterone levels. However, the Hypothalamus-pituitary-gonadal axis has not been
activated in prepubertal girls, therefore those markers are impossible to be measured [5]. Anti-Mullerian
Hormone (AMH) levels in woman can be detected from birth and continue to increase until reaching their
peak in 25 years old [10]. AMH is a member of tumor growth factor-beta (TGF-β) produced by granulosa
from preantral and small antral follicles [11]. AMH hormones can be used as a marker indirectly in ovary
follicle reserves with the assumption that the numbers of preantral and small antral follicles are related to
the number of primordial follicles [12]. Therefore, the AMH level can be used as an alternative parameter
of ovarian follicle reserve in children and adolescents [13].

Evaluation of reproductive function in children and adolescents with cancer is essential to determine the
fertility preservation plan [14]. Previous studies have stated the impact of chemotherapy and radiotherapy
agents on fertility function. However, studies of ovarian follicle reserve and puberty development in
children and adolescents are limited in practice. Therefore, this research aimed to describe the
reproductive function in female children and adolescents with cancer, based on the Tanner evaluation,
menstrual cycle, and AMH examination during chemotherapy.

Methods
Study design

This study used cross-sectional methods which conducted the data collection of AMH level and pubertal
status during and after chemotherapy at a single point of time on patient with malignancy. The data
collection was performed during January until August 2019 in the Pediatrics Department of Dr. Sardjito
General Hospital, Yogyakarta, Indonesia.

Subjects

The study recruited girls diagnosed with hematological malignancy or solid cancer in Dr. Sardjito General
Hospital who underwent chemotherapy during the study period. Patients were eligible to participate in
this study when they met the following criteria: a) female children and adolescents aged 12-18 years old,
b) who reached menarche, and c) parents have already given written informed consent to participate.
However, children and adolescents who encountered critical states were excluded from the study. 

Data Collection

Data collection targeted outpatients and inpatients in the Pediatrics Department. The demographic data
were collected using a form to document subjects’ data including: age of data collection, age at
diagnosis, age of initial administration of chemotherapy, diagnosis, therapy onset, chemotherapy agent
used, and menstrual cycle. 

Regularity, cycle interval, and duration of menstruation were documented. Prolonged interval of menstrual
cycle for more than 3 months was de�ned as secondary amenorrhea [16].
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The AMH level was measured using blood sample and examined using AMH Electrochemilumiscence
Immunoassay (ECLIA) Kit (RocheTM). The sample analysis was conducted in accordance with the kit’s
protocol. The AMH levels were considered decreased and de�ned as Diminished Ovarian Reserve (DOR) if
AMH level was <1.52 mg/L [17].

Meanwhile, Tanner Staging was measured to examine reproductive function. Delayed puberty was
de�ned as the absence of breast growth in a patient more than 13 years old or primary amenorrhea in a
patient more than 15 years old.

Data Analysis

Data which had been documented were analyzed using Statistical Package for the Social Sciences
(SPSS) 25.0 software (IBM Corp., Chicago). The demographic data, AMH level, menstrual pattern, and
puberty development data were analyzed descriptively and summarized by mean or median and
proportion value. 

Results
Demographic characteristics

This research included 23 girls who underwent cancer therapy in January-August 2019 in Dr. Sardjito
General Hospital. Three subjects died before �nishing their scheduled therapy. The median of subjects’
age, when checked for AMH level, was 14 years old. Table 1 shows the subjects’ characteristics.

Among subjects, most of them had a hematological malignancy such as Acute Lymphoblastic Leukemia
(ALL), Hodgkin lymphoma (HL), non-Hodgkin lymphoma (NHL), and chronic myelogenous leukemia
(CML). Only two patients had a solid tumor in the form of osteosarcoma and ovarian cystoma. In this
research, strati�cation for therapy risk was classi�ed as low risk when received methotrexate, vincristine,
actinomycin D, vinblastine, mercaptopurine, or hydroxyurea and high risk when the patient received
cyclophosphamide as their treatment regimen. No subject received radiotherapy. 

Table 1. Subjects’ characteristics
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Characteristics (n=23)

Age (median) 14 years old (13-19)

Age at diagnosis (median) 12.9 years old (7-17)

Onset chemotherapy at AMH level measurement (median) 64 weeks (3-289)

Diagnosis  

 ALL Standard Risk (ALL SR) 1 (4.3%)

 ALL High Risk (ALL HR) 8 (34.8%)

 ALL HR Meningeal 3 (13%)

 NHL T-Cell 1 (4.3%)

 HL 2 (8.7%)

 Osteosarcoma 1 (4.3%)

 Ovarian cystoma 1 (4,3%)

 CML 6 (26.1%)

The gonadotoxicity risk of chemotherapy agent   

Low gonadotoxicity 11 (47.8%)

High gonadotoxicity 12 (52.2%)

ALL: Acute Lymphoblastic Leukemia, HL: Hodgkin lymphoma, NHL: non-Hodgkin lymphoma, and
CML: chronic myelogenous leukemia.

AMH Level

The level of AMH were measured for all subjects. From all subject, mean of AMH level was 1.43 ± 1.36
ng/dl (Table 1). The highest AMH level was 4.23 ng/dl, found on 18 years old girl who was received
cyclophosphamide and undergone maintenance phase during the study period. Meanwhile the lowest
AMH level was 0.01 ng/dl, found on 13 years old girl who had been completed Indonesian ALL 2013
Protocol - Standard Risk.

Based on AMH level, 60.9% subjects experienced DOR and among them, 5 subjects received HRC and 9
subjects received LRC. Among patients who experienced DOR, 53% patients encountered secondary
amenorrhea and 46% patients had normal menstruation (P = 0.044). In DOR patients who had normal
menstruation, most of them had regular cycle (Figure 1).

Table 2. Evaluation of reproduction function on children and adolescent cancer with chemotherapy
treatment.
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Parameters n= 23

AMH level (mean) 1.43 ± 1.36 

Menstrual cycle  

Menstrual duration (mean) 6.2 ± 0.4 days

Interval of menstrual cycle (mean) 28.4 ± 0.2 days

Menstrual regularity  

Regular menstrual cycle (%) 65.2%

Irregular menstrual cycle (%) 34.8%

Delayed puberty development (%) 8.7%

Menstrual cycle

Among all subjects, average of menstrual cycle interval was 28 days (Table 2). Girls with cancer had
average of menstrual duration around 6 days. Fourteen subjects in this research had regular menstrual
cycle. Almost all subjects who had irregular menstrual cycle were classi�ed as DOR. The longest interval
of menstrual cycle which reached 35 days experienced by 14 years old girl received ALL 2016 Protocol
Meningeal High Risk in maintenance phase. Five girls reported had experienced secondary amenorrhea.
During menstruation, most of the symptoms that occurred were stomachaches and abdominal cramps in
the initial cycles which was normal.

Puberty development

Girls with cancer on average reached menarche at 12 years old. Among all subjects, most of them had
normal puberty development according to their age and only two subjects had delayed puberty
development. Subjects who had delayed puberty were also found as DOR and received LRC during
treatment.

Discussion
The increase of childhood and adolescence survival after cancer treatment in recent decades is
associated with infertility in adulthood. This study was the �rst research which evaluated AMH level,
puberty disruption, and Tanner Stage of girls and adolescents with cancer who underwent cancer
treatment in Indonesia. The results were also used as background information for the initiation of fertility
preservation services for childhood cancer patients who would receive gonadotoxic therapy in Indonesia.

Chemotherapy agents and radiotherapy could accelerate follicle depletion which would impact on fertility
and premature menopause occurrence [18, 19]. This is in accordance with the results of this study which
found 61% of subjects had DOR. In this study, higher proportion of DOR experienced by subjects who
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received LRC. Meanwhile, a different result was found in a previous study by Lunsford et al. in 2013
which showed DOR occurrence was higher in the HRC group [19]. The different result might occur due to
the difference in age of the subjects when receiving treatment, the younger age at diagnosis, and subjects
had not undergone menarche. In females who reach menarche, there is activation of the Hypothalamic-
pituitary-gonadal axis. This condition causes a greater number of growing follicles, which are more
susceptible to chemotherapy exposure, to undergo atresia. Damage of growing follicles during
chemotherapy might occur due to disruption of granulosa cells division through inhibition of replicated
DNA [20]. Depletion of growing follicles reduces the production of AMH, which reduces inhibition of
primordial follicle development. The increasing growth of follicles will increase follicle atresia and reduce
ovarian reserve [21]. Therefore, younger patients who have not experienced menarche will have more
follicular reserves and less frequently experience DOR [22].

The decreased growth of follicles during chemotherapy could also lead to menstrual disorders, such as
transient or permanent amenorrhea [23]. This is consistent with recent study. Among patients with DOR, a
patient experienced infrequent menstruation and �ve patients experienced secondary amenorrhea.
Menstrual cycle pattern might be in�uenced by timing of chemotherapy within the patients’ menstrual
cycle. Patients who received chemotherapy during the follicular phase will experience increased risk of
menstrual changes compared with those who received treatment during the menstrual phase. In addition,
the duration of chemotherapy more than 6 cycles can also increase the risk of amenorrhea [24]. The
amenorrhea relates to the chemotherapy regimen. In a previous study conducted by Casimo et al. in 2004,
the use of cyclophosphamide regimen was associated with an increased risk of amenorrhea. However, it
is also in�uenced by the accumulated dose and number of chemotherapy cycles which have been
received [24].

Cancer treatment such as chemotherapy, cranium radiation or gonadal radiation can also increase the
risk of puberty disruption due to the hypothalamus-pituitary axis disorder or ovarian failure [25]. The
results of this study also found two cases of delayed puberty in patients with DOR. Research conducted
by Muller in 2002 showed similar results in which childhood cancer patients in chemotherapy treatment
alone did not affect the development of puberty [25].

This study was the �rst study conducted on our hospital for future identi�cation of fertility and pubertal
disturbance among children and adolescent with chemotherapy treatment. Our study has some
limitations, such as small sample size and no follow up measurement of AMH level and other pubertal
parameter after certain period of chemotherapy. A more comprehensive study with larger sample size and
a speci�c AMH evaluation period should be done to con�rm our �ndings. In the future study, evaluation
of AMH level and menstrual cycle should be monitored before, during, and after chemotherapy to obtain a
better description of the menstrual cycle changes.

Conclusion
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In conclusion, chemotherapy exposure impacted on DOR occurance in 60.9% childhood and adolescence
cancer. Moreover, it altered menstrual regularity in 34.8% and delayed on puberty development in 8.7%
subjects.

Abbreviations
POF: premature ovarian failure; HRC: high-risk chemotherapy; LRC: low-risk chemotherapy; AMH: Anti-
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odds ratio; CI: con�dence interval; SPSS: statistical package for the social sciences; ALL: Acute
Lymphoblastic Leukemia; HL: Hodgkin lymphoma; NHL: non-Hodgkin lymphoma; CML: chronic
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Figure 1

Proportion of DOR occurrence and menstruation changes.


